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

S
tandards

D
evelopm

ent



USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on the new or revised stan-
dards.

PF includes the following:

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

2. Accelerated Revisions—New or revised standards that become official through an accelerated process in ac-
cordance with USP’s Guideline on Accelerated Revisions (available on the USP website) (e.g., Interim Revision An-
nouncements, Revision Bulletins, and Errata). Accelerated Revisions allow for a revision to become official prior to the
next USP–NF or Supplement and do not always require notice and comment. Interim Revision Announcements are
first presented for a 60-day public comment period in the Proposed Interim Revision Announcement section before
becoming official in a later PF in the Interim Revision Announcements section of the PF. Note that Revision Bulletins
appear only on the USP website.

USP welcomes comments and data on proposed revisions. Comments, along with USP’s responses, will be published in
the Commentary section of the USP website (www.usp.org).
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, United States Pharmacopeia, 12601
Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
‘‘How to Use PF’’ describes the various parts of Pharmacopeial Forum, lists the Committee Designations, and includes the
Staff Directory.
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The contents of the various sections of PF are briefly described below. A more detailed description of each section is
provided at the beginning of that section. A general description of the types and amount of information expected in a
Request for Revision is available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website
(www.usp.org/USPNF/submitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Proposed Interim Revi-
sion Announcement
Accelerated Revision tar-
geted to become official
in an upcoming PF.

Proposals for Interim Revision Announcements (IRAs) that will be
published as official in a future Pharmacopeial Forum.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the USP Scientific Liaison who handled the issue.

Review material and send comments
within 60 days of the PF publication
where the standard was proposed
(or per the Briefing). Direct com-
ments to the USP Scientific Liaison
(see the Staff Directory) identified at
the end of the Briefing.

Interim Revision An-
nouncement
Official Accelerated Revi-
sion (on the first day of
the second month, un-
les s otherwise ind i -
cated).

Standards that have been adopted and will become official on
the date that is specified in the section’s introductory page or
within parentheses following a particular item. New or revised
text is marked by the symbols .

..

Review material to see whether af-
fected by any of the changes. Note
date when standards become official,
and ensure compliance.

Errata
Accelerated Revision.

Corrections to official standards that will be printed in USP–NF. Review material to see whether af-
fected by any changes.

In-Process Revision
Revisions for public re-
view and comment.

Proposals for standards that will be published as official in a fu-
ture USP–NF book or Supplement.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the appropriate USP Scientific Liaison.

Review material and send comments.
Comment deadlines are found at the
end of the Policies and Announcements
section. Direct comments to the USP
Scientific Liaison (see the Staff Direc-
tory) identified at the end of the Brief-
ing. For general inquiries or in cases
where a Scientific Liaison is not iden-
tified, use the general USP telephone
number 301-881-0666 or fax num-
ber 301-998-6839.

Previous PF Proposals Proposals from previous PFs that did not advance to official sta-
tus in an official USP publication. This section is cumulative.

Review material to track pending pro-
posals.

Canceled Proposals Items that were published in PF and were pending, but have
since been canceled. Note that canceled proposals may be re-
published to be considered in the future for adoption in USP–NF.

Review material to track canceled
proposals.
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Stage 4 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

BRIEFING: Scientific rationale for the potential inclusion or
change or for the proposed change. Stage 4 is available for
comment.

Review material and provide com-
ments to the appropriate Scientific
Liaison cited in the Briefing. Indivi-
duals who wish to correspond with
the European and Japanese Pharma-
copoeias concerning monographs in
the Official Inquiry and Consensus
stages of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a
copy to USP, for a given article. The
addresses for the European (PhEur)
and Japanese (JP) pharmacopoeias
are as follows:

PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Depart-
ment
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu

JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp

Stage 6 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

Stage 6 is the final official harmonized standard and is not avail-
able for comment. This information is published for informa-
tional purposes only. New or revised text to Stage 6
documents is marked with symbols that indicate the publication
in which the book or Supplement becomes official.

Review material to see whether af-
fected by any changes.
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Other Sections

Expert Committee Designations
Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the develop-
ment of standards

Staff Directory
Names of key USP Standards Division staff members, including Scientific Liaisons, with contact information

Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Guidelines on how to comment
� Publication and comment schedules

Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested

parties
� Discussions of issues on which USP desires public input prior to further development

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

Index
Cumulative directory for the content of all issues of PF beginning with PF 35(1)

Chromatographic Columns Used in USP–NF and Pharmacopeial Forum
Update of chromatographic columns based on the proposals published in this issue of PF
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EXPERT COMMITTEE DESIGNATIONS*

2005–2010

AER Aerosols

BB BBP B&B Blood and Blood Products

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

BB PP B&B Proteins and Polysaccharides

BB VV B&B Vaccines and Virology

BPC Biopharmaceutics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DS-GC Dietary Supplements—General Chapters

DSI Dietary Supplements—Information

DSN Dietary Supplements—Non-Botanicals

DS-PS Dietary Supplements—Performance Standards

EGC Excipient General Chapters

EM1 Excipient Monographs 1

EM2 Excipient Monographs 2

FI Food Ingredients

GC General Chapters

GTMDB General Toxicity and Medical Device Biocompatibility

IH International Health

MSA Microbiology and Sterility Assurance

MD-ANT Monograph Development—Antibiotics

MD-AA Monograph Development—Antivirals and Antimicrobials

MD-CV Monograph Development—Cardiovascular

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

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

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

MD-PP Monograph Development—Psychiatrics and Psychoactives

MD-PS Monograph Development—Pulmonary and Steroids

NOM Nomenclature

P&S Packaging and Storage

PPI Parenteral Products—Industrial

PDF Pharmaceutical Dosage Forms

PW Pharmaceutical Waters

RI Radiopharmaceutical Information

RMI Radiopharmaceuticals and Medical Imaging Agents

RS Reference Standards

SCC Sterile Compounding

SMU Safe Medication Use

STAT Statistics
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EXPERT COMMITTEE DESIGNATIONS* (Continued)

2005–2010

VET Veterinary Drugs

VMI Veterinary Medicine Information

* HDQ Indicates USP Headquarters items.
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STAFF DIRECTORY

This updated directory reflects assignment changes based on 2005–2010 Expert Committees. The general USP tele-
phone number, (301) 881-0666, may still be used for general inquiries or when a particular Expert Committee is not
identified. The fax number is (301) 816-8373.

STAFF E-MAIL PHONE CONTACT FOR

Clydewyn M. Anthony, Ph.D.,
Senior Scientific Liaison

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

Fouad Atouf, Ph.D.,
Scientific Liaison

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

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Healthcare Quality Standards

scb@usp.org (301) 816-8216 Sterile Compounding

Kristie Bowman, M.S.,
Scientific Liaison

kxb@usp.org (301) 816-8356 Food Ingredients (FI)

Colleen Brennan, R.Ph.,
Scientific Liaison

cyb@usp.org (301) 816-8548 Safe Medication Use (SMU)

William E. Brown,
Senior Scientific Liaison

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

Forms (PDF)

Damián A. Cairatti,
Senior Scientific Liaison (Spanish)

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

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234

Behnam Davani, Ph.D.,
Senior Scientific Liaison

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

Natalia Davydova, Ph.D.,
Scientific Liaison

nd@usp.org (301) 816-8328 Dietary Supplements
Performance Standards (DS-PS)

Anthony DeStefano, Ph.D.,
Vice President, General Chapters

ajd@usp.org (301) 230-6303 General Chapters

Susan S. de Mars, J.D.,
General Counsel and Chief Documentary

Standards Officer

sdm@usp.org (301) 816-8296 Documentary Standards Division

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

gig@usp.org (301) 816-8343

Brian D. Gilbert, Ph.D.,
Technical Services Manager

bg@usp.org (301) 816-8223

Elena Gonikberg, Ph.D.,
Senior Scientific Liaison

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

Veterinary Drugs (VET)

James Griffiths, Ph.D.,
Vice President, Food, Dietary Supplement,
and Excipient Standards

jg@usp.org (301) 998-6811

Linda Guard,
Vice President, Publications

lmg@usp.org (301) 816-8309

Antonio Hernandez-Cardoso, M.Sc.,
Scientific Liaison, Latin American
Specialist

ahc@usp.org (301) 816-8308 USP–NF Spanish Edition;
General Chapters (GC);
Pharmaceutical Waters (PW)

Desmond G. Hunt, Ph.D.,
Scientific Liaison

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

Parenteral Products—Industrial
(PPI)

Alexey Khrenov, Ph.D.,
Associate Scientific Liaison

ak@usp.org (301) 998-6335 B&B Proteins and Polysaccharides
(BB PP)
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STAFF E-MAIL PHONE CONTACT FOR

Randy Kiser, M.S., M.B.A.,
Program Manager

rwk@usp.org (301) 816-8324 USP Reference Standards Acquisi-
tion

William F. Koch, Ph.D.,
Chief Standards Acquisition and Metrology

Officer

wfk@usp.org (301) 816-8562 Reference Materials Division

Robert Lafaver,
Scientific Liaison

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

Steven P. Lane, Ph.D.,
Vice President, Reference Standards Opera-

tions

psl@usp.org (301) 816-8337

Markus Lipp, Ph.D.,
Director, Foods Standards

mxl@usp.org (301) 816-6366 Food Ingredients (FI)

Angela G. Long,
Vice President, Healthcare Quality
and Compendial Affairs/
Executive Secretariat

agl@usp.org (301) 816-8382

Feiwen Mao, M.S.,
Scientific Liaison

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

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

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

Forms (PDF);
Reagents

Jeff Moore, Ph.D.,
Scientific Liaison

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

Kevin Moore, Ph.D.,
Senior Scientific Liaison

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

Tina S. Morris, Ph.D.,
Vice President, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397

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

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

Curtis S. Phinney, MSPH,
Scientific Liaison

csp@usp.org (301) 816-8540 Dietary Supplements—
Non-Botanicals (DSN)

Morgan Puderbaugh,
Associate Scientific Liaison

mxp@usp.org (301) 998-6833 Small Molecules Monographs

Sujatha Ramakrishna, Ph.D.,
Scientific Liaison

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

Hariram Ramanathan, Ph.D.,
Associate Scientific Liaison

hr@usp.org (301) 816-8313 Small Molecules Monographs

Ravi Ravichandran, Ph.D.,
Senior Scientific Liaison

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

Radiopharmaceuticals and Medical
Imaging Agents (RMI)

Karen A. Russo, Ph.D.,
Vice President, Small Molecules

kar@usp.org (301) 816-8379

Leonel Santos, Ph.D.,
Senior Scientific Liaison

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

Dandapantula Sarma, Ph.D.,
Senior Scientific Liaison

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

Rick Schnatz, Pharm.D.,
Scientific Liaison

rxs@usp.org (301) 816-8526 Compounding Pharmacy (CRX)
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STAFF E-MAIL PHONE CONTACT FOR

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

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Senior Scientific Liaison

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

Catherine M. Sheehan, M.S.,
Director, Excipients

cxs@usp.org (301) 816-8262 Excipients

Tom Sigambris, M.S.,
Scientific Liaison

tzs@usp.org (301) 998-6789 B&B Vaccines and Virology (BB VV);
Proteins and Polysaccharides

(BB PP) (small peptides)

Anita Y. Szajek, Ph.D.,
Senior Scientific Liaison

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

Radhakrishna S. Tirumalai, Ph.D.,
Senior Scientific Liaison

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

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientific Liaison

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

Domenick Vicchio, Ph.D.,
Senior Scientific Liaison

dwv@usp.org (301) 998-6828 Monograph Development—Pul-
monary and Steroids (MD-PS)

Mary ‘‘Jeanie’’ Waddell,
Scientific Liaison

msw@usp.org (301) 816-8124 Monograph Development—Pul-
monary and Steroids (MD-PS)

Hong Wang, Ph.D.,
Scientific Liaison

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

Excipient General
Chapters (EGC)

Lili Wang,
Technical Services Scientist

lw@usp.org (301) 816-8129 USP Reference Standards Evalua-
tion

Andrzej Wilk, Ph.D.,
Senior Scientific Liaison

aw@usp.org (301) 816-8305 Nomenclature (NOM)

Ahalya Wise, M.S.,
Scientific Liaison

aww@usp.org (301) 816-8161 Monograph Development—
Antibiotics (MD-ANT)

Kahkashan Zaidi, Ph.D.,
Senior Scientific Liaison

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

This section provides general information resources for USP–NF standards and processes. Information resources include
announcements on scientific and policy issues currently under consideration, schedules for USP publications, and sche-
dules for comment periods for proposed standards.
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USP PROPOSES REVISIONS TO CEPHALEXIN
M O N O G R A P H S V I A I N T E R I M R E V I S I O N
A N N O U N C E M E N T. T h e U S P M o n o g r a p h
Development—Antibiotics Expert Committee is
proposing changes for six Cephalexin monographs
(Cephalexin, Cephalexin Capsules, Cephalexin
Hydrochloride, Cephalexin Tablets, Cephalexin for Oral
Suspens ion , and Cepha lex in Tab le t s fo r Ora l
Suspension), which appear as proposed IRAs in this
Pharmacopeial Forum (PF).

Comments with supporting data were received that 1-
hydroxybenzotriazole is banned in the United States for
safety reasons. The Expert Committee proposes to revise
the monographs to delete the requirement for this re-
agent.

The comment period for this revision ends on March 15,
2010. In the absence of any adverse comments, this re-
vision will become official in the Interim Revision An-
nouncement to USP 32–NF 28, which appears in PF
36(3) [May–June 2010], with an official date of June 1,
2010.

Please contact Ahalya Wise, M.S., Scientific Liaison to the
Monograph Development: Antibiotics Expert Commit-
tee at 301-816-8161 or aww@usp.org with any ques-
tions.

USP PROPOSES CHANGES TO GENERAL NOTICES. In
this issue of PF, USP has proposed changes to the General
Notices. The comment deadline is April 15, 2010. Visit
the USP Web site for further information: http://
www.usp.org/USPNF/generalNotices.html.

U SP P R O P O S E S T H R E E N E W E LE M E N TA L
IMPURITIES GENERAL CHAPTERS. In this issue of PF,
USP has proposed three new Elemental Impurities
General Chapters, with two supporting Stimuli articles
and a General Notices statement. The comment
deadline is April 15, 2010. Visit the USP Web site for
further information: http://www.usp.org/hottopics/
metals.html.

USP PROPOSES CHANGES TO GENERAL CHAPTER
h1i INJECTIONS (Labeling on Ferrules and Caps
Overseals section). In this issue of PF, USP has
proposed changes to General Chapter h1i Injections
(Labeling on Ferrules and Cap Overseals section). The
comment deadline is April 15, 2010. Visit the USP
Web site for further information: http://www.usp.org/
USPNF/notices/20090728Chapter1Postponement.html.

TWO MONOGRAPHS PROPOSED IN THIS PF TO
PROSPECTIVELY HARMONIZE WITH PhEur. In July
2008, USP and the European Pharmacopoeia (PhEur)
initiated a Prospective Harmonization pilot study for
the joint development of four drug substance

monographs and their associated reference materials.
Two of the monographs, Montelukast Sodium and
Rizatriptan Benzoate, are ready for public comment. In
order to coordinate the publication of the monographs
proposals with PhEur’s Pharmeuropa 21.4 October
2009, USP is presenting the proposals on the USP Web
site: http://www.usp.org/USPNF/compendialNotices
and in this PF. The comment deadline is April 15,
2010. Contact Karen Russo, Ph.D. at 301-816-8379 or
kar@usp.org with any questions.

CALL FOR CANDIDATES FOR 2010–2015 COUNCIL
OF EXPERTS, ITS EXPERT COMMITTEES, AND ITS
EXPERT PANELS. In accordance with the Bylaws of
the USP Convent ion, USP is i ssu ing a Cal l for
Candidates for the 2010–2015 Council of Experts
(COE) . The 2010–2015 COE inc ludes Exper t
Committees in the areas of Nomenclature, Small
Molecules, Biologics and Biotechnology, Excipients,
General Chapters, Reference Standards, Compounding,
Food Ingredients, and Dietary Supplements. In the
2010–2015 cycle, USP is expanding the number of
Expert Panels that report to Expert Committees.

The deadline for applications for Expert Committee
members is May 15, 2010. Recruitment for Expert Panel
members will begin in July 2010 and will be continuous.

These Expert Committees and Panels align with the new
USP Strategic Plan, which focuses on expanding and en-
hancing USP’s core compendial and standards-setting
activities. The ability to add Expert Panels according to
USP’s needs introduces flexibility and scalability into
USP’s activities. USP plans to continue to attract a global
base of experts and therefore encourages any qualified
individual to apply. Importantly, this approach also en-
ables USP to closely align its documentary and Reference
Standards activities for a more efficient standards-setting
process.

Specific Expert Committees and Expert Panels for which
USP is seeking candidates are listed at USP’s nominations
Web site (www.usp.org/goto/nominate).

For further information, please contact Nelufar Mohajeri,
Director, Volunteer Affairs and Compendial Initiatives
(nym@usp.org or nominate@usp.org).

USP POSTS COMMENTARY TO INTERIM REVISION
ANNOUNCEMENTS ON THE USP WEB SITE. In order
to maintain transparency for revisions made to proposed
Interim Revision Announcements that become official in
the PF, USP posts commentary for the proposed Interim
Rev i s ion Announcements on the Rev i s i ons and
Commentary web page on the date that the official
standard is released in PF. Note that commentary to In-
Process Revis ions is posted on the Revisions and
Commentary web page under the final book or
supplement where the official standard appears.
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Commentary is not part of the official text of the
monograph and is not intended to be enforceable by
regulatory authorities. Rather, it explains the basis of
the Expert Committee’s response to public comments.
If there is a difference between the contents of the
Commentary section and the official monograph, the
text of the official monograph prevails. In case of a
dispute or question of interpretation, the language of
the official text, alone and independent of the
Commentary section, shall prevail.

CUMULATIVE EDITIONS. USP–NF is available in print,
CD, and online formats. For the CD and online
formats, each new edition or Supplement integrates
content from all previous editions to date.

PHARMACOPEIAL FORUM PUBLIC REVIEW and
COMMENT PERIOD DEADLINES. The USP welcomes
and encourages interested parties to submit comments
and data regarding potential, proposed, or adopted
(official) standards. In accordance with the Rules and
Procedures of the 2005–2010 Council of Experts, USP
has implemented a 90-day comment period by
providing a deadline for each issue of PF unless
otherwise stated in the individual briefing. The listing of
comment period deadlines and the targeted official
publications appears below.

Pharmacopeial
Forum

Comment
Deadline

Targeted Official
Publication Release Date Official Date

PF 35(6) February 15, 2010 USP 34–NF 29 November 2010 May 1, 2011

PF 36(1) April 15, 2010

PF 36(2) June 15, 2010 USP 34–NF 29 1st Supple-
ment

February 2011 August 1, 2011

PF 36(3) August 15, 2010

PF 36(4) October 15, 2010 USP 34–NF 29 2nd Supple-
ment

June 2011 December 1, 2011

PF 36(5) December 15, 2010

PF 36(6) February 15, 2011 USP 35–NF 30 November 2011 May 1, 2012

All official revisions are published in the annual edition or
Supplements to USP–NF (twice yearly). Between these
publications, official revisions are published in PF in the
Interim Revision Announcement section and incorporated
in the upcoming USP–NF or Supplement. They may also
be published as Revision Bulletins on www.usp.org in the
‘‘New Official Text’’ section. The official publication in
which an Interim Revision Announcement (IRA) is incor-

porated depends upon publication deadlines. The elec-
tronic version of USP–NF is updated as each Supplement
becomes available and, therefore, contains all official text
up to and including the contents of the latest Supple-
ment. The table below outlines the publications and their
release and official dates, and the USP–NF or Supplement
that supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

USP 33–NF 28 November 1, 2009 May 1, 2010 1st Supplement to USP 33–NF 28

IRA [PF 36(1)] January 1, 2010 February 1, 2010 2nd Supplement to USP 33–NF 28

1st Supplement to USP 33–NF 28 February 1, 2010 August 1, 2010 2nd Supplement to USP 33–NF 28

IRA [PF 36(2)] March 1, 2010 April 1, 2010 2nd Supplement to USP 33–NF 28

IRA [PF 36(3)] May 1, 2010 June 1, 2010 USP 34–NF 29

2nd Supplement to USP 33–NF 28 June 1, 2010 December 1, 2010 USP 34–NF 29

IRA [PF 36(4)] July 1, 2010 August 1, 2010 1st Supplement to USP 34–NF 29

IRA [PF 36(5)] September 1, 2010 October 1, 2010 1st Supplement to USP 34–NF 29

IRA [PF 36(6)] November 1, 2010 December 1, 2010 2nd Supplement to USP 34–NF 29

USP 34–NF 29 November 1, 2010 May 1, 2011 1st Supplement to USP 34–NF 29
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PRIORITY NEW MONOGRAPH ITEMS. The following
list contains monographs USP is seeking for drug sub-
stances and drug products that are, or will be, off patent
within 5 years. Monographs are marked ‘‘Received’’
upon receipt of a monograph proposal. This list has been
updated as of October 15, 2009.

Monograph sponsors should consult USP’s Guideline
for Submitting Requests for Revision to the USP–NF
at http://www.usp.org/USPNF/submitMonograph/
subGuide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Small Molecules (Drug Substances)—As of October 15, 2009

1. Acamprosate Calcium 2. Acrivastine 3. Adapalene

4. Aldesleukin 5. Alemtuzumab 6. Allopurinol Sodium

7. Alosetron Hydrochloride 8. Aminopromazine Fumarate 9. Aminopterin Sodium

10. Amlexanox 11. Amphetamine Aspartate 12. Argatroban

13. Auranofin 14. Azacitidine 15. Azelaic Acid

16. Bemotrizinol 17. Bentoquatam 18. Benzphetamine Hydrochloride

19. Bimatoprost 20. Bismuth Subcitrate Potassium 21. Bismuth Tribromophenate

22. Brimonidine Tartrate 23. Bromfenac Sodium 24. Butenafine Hydrochloride

25. Caffeine Citrate 26. Calcipotriene 27. Calcium Trisodium Pentetate

28. Calfactant 29. Camphorated Metacresol 30. Carbaspirin Calcium

31. Ceftibuten 32. Celecoxib 33. Cetirizine

34. Cevimeline Hydrochloride 35. Chlorpheniramine Tannate 36. Cidofovir

37. Cisatracurium Besylate 38. Colesevelam Hydrochloride 39. Colfosceril

40. Copper Undecylenate 41. Cysteamine Bitartrate 42. Dalfopristin

43. Decitabine 44. Desogestrel 45. Desonide

46. Dexfenfluramine Hydrochloride 47. Dexrazoxane 48. Dextroamphetamine Saccharate

49. Diclofenac Epolamine 50. Diethanolamine Methoxycinnamate 51. Diltiazem Malate

52. Doconazol 53. Domiphen Bromide 54. Doripenem

55. Doxacurium Chloride 56. Eplerenone 57. Epoprostenol Sodium

58. Eprosartan Mesylate 59. Ertapenem Sodium 60. Escitalopram Oxalate

61. Esmolol Hydrochloride 62. Estazolam 63. Estramustine Phosphate Sodium

64. Ethanolamine Oleate 65. Ethyl 4-[Bis(Hydroxypropyl)] Amino-
benzoate

66. Etoposide Phosphate

67. Exemestane 68. Ezetimibe 69. Famciclovir

70. Felbamate 71. Fenfluramine Hydrochloride 72. Ferric Hexacyanoferrate (Prussian
Blue)

73. Ferric Sodium Gluconate 74. Fluoromethane F 18 75. Fomepizole

76. Fosfomycin Tromethamine 77. Gadobenate Dimeglumine 78. Gadofosveset Trisodium

79. Gadopentetic Acid 80. Gadoxetate Disodium 81. Gallium Nitrate

82. Ganciclovir Sodium 83. Glyceryl Aminobenzoate 84. Guanidine Hydrochloride

85. Ibutilide Fumarate 86. Iloperidone 87. Imipramine Pamoate

88. Imiquimod 89. Isosulfan Blue 90. Ketotifen Fumarate

91. Lactulose 92. Latanoprost 93. Lepirudin

94. Levocetirizine Dihydrochloride 95. Lodoxamide Tromethamine 96. Loteprednol Etabonate

97. Loxapine Hydrochloride 98. Melphalan Hydrochloride 99. Mequinol

100. Methotrexate Sodium 101. Methoxycinnamate 102. Methyl Nicotinate

103. Methylnaltrexone Bromide 104. Metipranolol Hydrochloride 105. Mibefradil Dihydrochloride

106. Midazolam Hydrochloride 107. Mifepristone 108. Milrinone Lactate

109. Misoprostol Oil 110. Mivacurium Chloride 111. Moexipril Hydrochloride

112. Nabilone 113. Nalbuphine Hydrochloride 114. Nefopam

115. Nelarabine 116. Nelfinavir Mesylate 117. Nepafenac

118. Nesiritide Citrate 119. Nevirapine Hemihydrate 120. Nilutamide

121. Nisoldipine 122. Norelgestromin 123. Olsalazine Sodium

124. Orlistat 125. Oxiconazole Nitrate 126. Padimate A

127. Paliperidone 128. Pemirolast Potassium 129. Pentamidine Isethionate

130. Perindopril Erbumine 131. Phenylephrine Tannate 132. Piperonyl Butoxide

133. Podofilox 134. Poractant Alfa 135. Porfimer Sodium

136. Prasterone 137. Purified Cholesterol 138. Pyrilamine Tannate

139. Quetiapine Fumarate 140. Quinupristin 141. Rabeprazole Sodium

142. Ranitidine 143. Red Petrolatum 144. Rifapentine

145. Rostaporfin 146. Rufinamide 147. Sertaconazole Nitrate
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Small Molecules (Drug Substances)—As of October 15, 2009 (Continued)

148. Silodosin 149. Sirolimus 150. Sodium Phenylbutyrate

151. Sparfloxacin 152. Streptozocin 153. Sulfosalicylic Acid

154. Tazarotene 155. Telbivudine 156. Temozolomide

157. Tiopronin 158. Tipranavir 159. Tolterodine Tartrate

160. Topotecan Hydrochloride 161. Toremifene Citrate 162. Trastuzumab

163. Treprostinil 164. Triclocarban 165. Triptorelin Pamoate

166. Trypan Blue 167. Unoprostone Isopropyl 168. Valacyclovir Hydrochloride

169. Zafirlukast 170. Zeleplon 171. Zinc Trisodium Pentetate

172. Zoledronic Acid 173. Zolmitriptan

Small Molecules (Drug Products)—As of October 15, 2009

1. Acamprosate Calcium Delayed-Re-
lease Tablets

2. Acetaminophen, Butalbital, Caffeine,
and Codeine Phosphate Capsules

3. Acetaminophen, Clemastine Fumarate,
and Pseudoephedrine Hydrochloride
Tablets

4. Acetazolamide Extended-Release
Capsules

5. Acetylcysteine Injection 6. Acrivastine and Pseudoephedrine Hy-
drochloride Capsules

7. Acyclovir Cream 8. Adapalene and Benzoyl Peroxide Gel 9. Adapalene Topical Gel

10. Albuterol Extended-Release Tablets 11. Albuterol Oral Solution 12. Aldesleukin for Injection

13. Allopurinol for Injection 14. Alosetron Tablets 15. Alprazolam Extended-Release Tablets

16. Alprostadil for Injection 17. Amantadine Hydrochloride Tablets 18. Aminopromazine Fumarate and Neo-
mycin Sulfate Tablets

19. Aminopromazine Fumarate Injec-
tion

20. Aminopromazine Fumarate Tablets 21. Aminopterin Sodium Tablets

22. Amiodarone Hydrochloride Injec-
tion

23. Amiodarone Hydrochloride Tablets 24. Amlexanox Oral Paste

25. Amlodipine and Benazepril Hydro-
chloride Capsules

26. Amoxicillin and Clavulanate Potassi-
um Chewable Tablets

27. Amoxicillin Chewable Tablets

28. Amphetamine Aspartate, Amphet-
amine Sulfate, Dextroamphetamine
Saccharate, and Dextroamphetamine
Sulfate Tablets

29. Anastrozole Tablets 30. Apomorphine Hydrochloride Injec-
tion

31. Argatroban Injection 32. Articaine Hydrochloride and Epi-
nephrine Bitartrate Injection

33. Atovaquone and Proguanil
Hydrochloride Tablets

34. Atropine and Pralidoxime Chloride
Injection

35. Auranofin Capsules 36. Avobenzone, Ecamsule, and Octocry-
lene Cream

37. Avobenzone, Ecamsule, Octocry-
lene, and Titanium Dioxide Cream

38. Azacitidine for Injectable Suspension 39. Azatadine Maleate and Pseudo-
ephedrine Sulfate Extended-Release Ta-
blets

40. Azelaic Acid Cream 41. Azelastine Hydrochloride Nasal
Spray

42. Azelastine Hydrochloride Ophthalmic
Solution

43. Azithromycin for Injection 44. Baclofen Injection 45. Beclomethasone Dipropionate
Metered-Dose Nasal Suspension

46. Benazepril Hydrochloride and Hy-
drochlorothiazide Tablets

47. Bentoquatam Topical Suspension 48. Benzocaine and Cetylpyridinium
Chloride Lozenges

49. Benzocaine and Menthol Lotion 50. Benzphetamine Hydrochloride
Tablets

51. Bimatoprost Ophthalmic Solution

52. Bismuth Tribromophenate Oint-
ment

53. Brimonidine Tartrate Ophthalmic
Solution

54. Bromfenac Sodium Ophthalmic Solu-
tion

55. Brompheniramine Maleate, Dextro-
methorphan Hydrobromide, and
Pseudoephedrine HCl Oral Solution

56. Brompheniramine Maleate, Phenyl-
propanolamine Hydrochloride, and Co-
deine Phosphate Syrup

57. Buffered Didanosine for Oral Solution

58. Bupivacaine and Lidocaine Hydro-
chlorides Injection

59. Buprenorphine Hydrochloride Injec-
tion

60. Buspirone Hydrochloride Capsules

61. Busulfan Injection 62. Butalbital and Acetaminophen Cap-
sules

63. Butalbital and Acetaminophen Tablets

64. Butenafine Hydrochloride Cream 65. Calcipotriene Ointment 66. Calcitriol Capsules

67. Calcitriol Ointment 68. Calcitriol Oral Solution 69. Calcium Acetate Capsules

70. Calcium Carbonate and Simethi-
cone Tablets

71. Calcium Polycarbophil Tablets 72. Calfactant Intratracheal Suspension

73. Candesartan Cilexetil Tablets 74. Carbidopa and Levodopa Extended-
Release Tablets

75. Carbidopa and Levodopa Orally Dis-
integrating Tablets
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Small Molecules (Drug Products)—As of October 15, 2009 (Continued)

76. Carbidopa and Levodopa Tablets for
Oral Suspension

77. Carmustine Implant 78. Cefdinir Tablets

79. Cefepime Injection 80. Cefotaxime Sodium and Dextrose
Injection

81. Ceftibuten Capsules

82. Ceftibuten for Oral Suspension 83. Cetirizine Hydrochloride Chewable
Tablets

84. Cetirizine Tablets

85. Cevimeline Hydrochloride Capsules 86. Chloramphenicol Ointment 87. Chlorpheniramine Maleate and
Pseudoephedrine Hydrochloride
Extended-Release Tablets

88. Choline and Magnesium Salicylates
Oral Solution

89. Choline and Magnesium Salicylates
Tablets

90. Ciclopirox Nail Lacquer

91. Ciclopirox Shampoo 92. Ciclopirox Topical Gel 93. Ciclopirox Topical Solution

94. Cidofovir Injection 95. Cimetidine Oral Solution 96. Ciprofloxacin for Injection Concen-
trate

97. Ciprofloxacin Otic Solution 98. Cisatracurium Injection 99. Cisplatin Injection

100. Citalopram Hydrobromide Oral
Solution

101. Citric Acid, Gluconolactone, and
Magnesium Carbonate Irrigation

102. Cladribine Injection

103. Clemastine Fumarate and Phenyl-
propanolamine Hydrochloride
Extended-Release Tablets

104. Clemastine Fumarate Syrup 105. Clindamycin Phosphate and Benzoyl
Peroxide Topical Gel

106. Clobetasol Propionate Gel 107. Clobetasol Propionate Lotion 108. Clorazepate Dipotassium Capsules

109. Clorazepate Dipotassium Ex-
tended-Release Tablets

110. Clotrimazole and Betamethasone
Dipropionate Lotion

111. Codeine Polistirex

112. Compound Undecylenic Acid
Cream

113. Compound Undecylenic Acid Topi-
cal Powder

114. Conjugated Estrogens Vaginal
Cream

115. Cromolyn Sodium Capsules 116. Cyclosporine Modified Oral Solu-
tion

117. Cyclosporine Topical Solution

118. Cysteamine Bitartrate Capsules 119. Cytarabine Injection 120. Dalfopristin and Quinupristin Injec-
tion

121. Dantrolene Sodium Oral Suspen-
sion

122. Decitabine for Injection 123. Desonide and Acetic Acid Otic Solu-
tion

124. Desonide Cream 125. Dexfenfluramine Hydrochloride
Capsles

126. Dexpanthenol Injection

127. Dexrazoxane for Injection 128. Dextroamphetamine Sulfate
Extended-Release Capsules

129. Diazepam Injectable Emulsion

130. Diazepam Rectal Gel 131. Diclofenac Epolamine Topical
Patch

132. Diclofenac Sodium Ophthalmic So-
lution

133. Didanosine for Buffered Oral Sus-
pension

134. Diethylpropion Hydrochloride
Extended-Release Tablets

135. Dihydroergotamine Mesylate Nasal
Solution

136. Dilt iazem Hydrochloride Ex-
tended-Release Tablets

137. Diltiazem Hydrochloride Injection 138. Diluted Sodium Phosphates Rectal
Solution

139. Dinoprostone Vaginal Supposi-
tories

140. Diphenhydramine Citrate and Ibu-
profen Tablets

141. Diphenhydramine Hydrochloride
and Acetaminophen Tablets

142. Diphenhydramine Hydrochloride
Syrup

143. Diphenhydramine Hydrochloride
Tablets

144. Docetaxel for Injection

145. Docetaxel Injection 146. Doconazol Cream 147. Donepezil Hydrochloride Tablets

148. Doripenem for Injection 149. Dorzolamide and Timolol Ophthal-
mic Solution

150. Dorzolamide Ophthalmic Solution

151. Doxacurium Chloride Injection 152. Doxazosin Extended-Release Ta-
blets

153. Doxepin Hydrochloride Cream

154. Doxorubicin Hydrochloride Pegy-
lated Liposome Injection

155. Doxycycline Oral Gel 156. Dried Aluminum Hydroxide and
Magnesium Carbonate Gel

157. Econazole Nitrate Cream 158. Edrophonium Chloride and Atro-
pine Sulfate Injection

159. Efavirenz, Lamivudine, and Zidovu-
dine Tablets

160. Enalapril Maleate and Felodipine
Extended-Release Tablets

161. Ephedrine Sulfate and Guaifenesin
Tablets

162. Epirubicin Hydrochloride for Injec-
tion

163. Epirubicin Hydrochloride Injection 164. Eplerenone Tablets 165. Epoprostenol for Injection

166. Ergotamine Tartrate, Belladonna
Alkaloids, and Phenobarbital Extended-
Release Tablets

167. Escitalopram Oral Solution 168. Esmolol Hydrochloride Injection

169. Estradiol and Norgestimate Tablets 170. Estradiol Gel 171. Estramustine Phosphate Sodium
Capsules

172. Ethambutol Hydrochloride and
Isoniazid Tablets

173. Ethanolamine Oleate Injection 174. Exemestane Tablets
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Small Molecules (Drug Products)—As of October 15, 2009 (Continued)

175. Famciclovir Tablets 176. Famotidine Chewable Tablets 177. Famotidine Orally Disintegrating
Tablets

178. Famotidine, Calcium Carbonate,
and Magnesium Hydroxide Tablets

179. Felbamate Oral Suspension 180. Felbamate Tablets

181. Fenofibrate Tablets 182. Fenofibric Acid Delayed-Release
Capsules

183. Fentanyl Buccal Soluble Film

184. Fentanyl Lozenges 185. Ferric Hexacyanoferrate (Prussian
Blue) Injection

186. Ferric Sodium Gluconate Injection

187. Ferrous Fumarate and Docusate
Sodium Extended-Release Capsules

188. Flunisolide Inhalation Aerosol 189. Flunisolide Nasal Spray

190. Fluocinolone Acetonide Shampoo 191. Fluorescein Sodium Injection 192. Fluorescein Sodium Ophthalmic
Solution

193. Fluorometholone Ointment 194. Fomepizole for Injection 195. Fomepizole Injection

196. Foscarnet Sodium Injection 197. Fosfomycin for Oral Solution 198. Gadobenate Dimeglumine Injection

199. Gadofosveset Trisodium Injection 200. Gadoxetate Disodium Injection 201. Gallium Nitrate Injection

202. Ganciclovir Capsules 203. Gatifloxacin Injection 204. Gatifloxacin Tablets

205. Glipizide Extended-Release Tablets 206. Glycolic Acid Solution 207. Granisetron Hydrochloride Injection

208. Granisetron Transdermal System 209. Guanidine Hydrochloride Tablets 210. Halobetasol Propionate Cream

211. Halobetasol Propionate Ointment 212. Haloperidol Decanoate Injection 213. Hydralazine Hydrochloride and
Hydrochlorothiazide Capsules

214. Hydrocodone Bitartrate and Aceta-
minophen Oral Solution

215. Hydrocodone Bitartrate and Aspir-
in Tablets

216. Hydrocodone Bitartrate and Guaife-
nesin Oral Solution

217. Hydrocodone Bitartrate and Ho-
matropine Methylbromide Syrup

218. Hydrocodone Polistirex 219. Hydrocortisone Acetate Dental Paste

220. Hydrocortisone Acetate Rectal
Foam Aerosol

221. Hydrocortisone Topical Aerosol 222. Hydroquinone Lotion

223. Hypromellose, Dextrose, and Glu-
tathione Ophthalmic Solution

224. Ibandronate Sodium 225. Ibandronate Sodium Injection

226. Ibuprofen and Pseudoephedrine
Hydrochloride Suspension

227. Ibuprofen Capsules 228. Ibuprofen Chewable Tablets

229. Ibutilide Fumarate Injection 230. Idarubicin Hydrochloride Injection 231. Iloperidone Tablets

232. Imipramine Pamoate Capsules 233. Imiquimod Cream 234. Insoluble Prussian Blue Capsules

235. Iobenguane I 124 Injection 236. Iodamide Meglumine Injection 237. Iohexol Solution

238. Irinotecan Hydrochloride Injection 239. Isosulfan Blue Injection 240. Isradipine Extended-Release Tablets

241. Itraconazole Capsules 242. Ketoconazole Cream 243. Ketoconazole Shampoo

244. Ketoprofen Capsules 245. Ketorolac Tromethamine Ophthal-
mic Solution

246. Ketotifen Fumarate Ophthalmic So-
lution

247. Lactic Acid Lotion 248. Lamivudine and Tenofovir Diso-
proxil Fumarate Tablets

249. Lamivudine, Zidovudine, and Nevir-
apine Tablets

250. Lamotrigine Chewable Tablets 251. Lamotrigine Injection 252. Lamotrigine Orally Disintegrating
Tablets

253. Latanoprost Ophthalmic Solution 254. Lepirudin for Injection 255. Leucovorin Calcium for Injection

256. Levetiracetam Extended-Release
Tablets

257. Levetiracetam Injection 258. Levocetirizine Dihydrochloride Oral
Solution

259. Levocetirizine Dihydrochloride
Tablets

260. Levofloxacin and Sodium Chloride
Injection

261. Levofloxacin Injection

262. Levofloxacin Ophthalmic Solution 263. Levofloxacin Tablets 264. Levonorgestrel Tablets

265. Levothyroxine Sodium Injection 266. Lidocaine Oral Transmucosal Sys-
tem

267. Liothyronine Injection

268. Lodoxamide Ophthalmic Solution 269. Loperamide Hydrochloride and
Simethicone Chewable Tablets

270. Loperamide Hydrochloride and
Simethicone Tablets

271. Lopinavir Solution 272. Loratadine Chewable Tablets 273. Loratadine Oral Suspension

274. Loteprednol Etabonate and Tobra-
mycin Ophthalmic Suspension

275. Loteprednol Etabonate Ophthal-
mic Suspension

276. Loxapine Hydrochloride Injection

277. Loxapine Hydrochloride Oral Solu-
tion

278. Magnesium Carbonate Capsules 279. Mannitol Irrigation

280. Mefloquine Hydrochloride Tablets 281. Melatonin Capsules 282. Melatonin Tablets

283. Melphalan for Injection 284. Menthol and Methyl Salicylate
Transdermal System

285. Mesalamine Suppositories

286. Mesna Injection 287. Methacholine Chloride for Inhala-
tion Solution

288. Methamphetamine Hydrochloride
Extended-Release Tablets

289. Methocarbamol and Aspirin Ta-
blets

290. Methoxsalen Softgels 291. Methylnaltrexone Bromide Injection
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Small Molecules (Drug Products)—As of October 15, 2009 (Continued)

292. Methylphenidate Hydrochloride
Chewable Tablets

293. Metipranolol Ophthalmic Solution 294. Metronidazole Hydrochloride for
Injection

295. Metronidazole Lotion 296. Mibefradil Dihydrochloride Tablets 297. Miconazole Nitrate Ointment

298. Midazolam Oral Suspension 299. Milrinone Injection 300. Minocycline Hydrochloride Ex-
tended-Release Tablets

301. Misoprostol and Diclofenac So-
dium Tablets

302. Mivacurium Injection 303. Moexipril Hydrochloride and Hydro-
chlorothiazide Tablets

304. Moexipril Hydrochloride Tablets 305. Montelukast Chewable Tablets 306. Montelukast Oral Granules

307. Montelukast Sodium Tablets 308. Morphine Sulfate Oral Solution 309. Morphine Sulfate Oral Solution
Concentrate

310. Multiple Electrolytes and Dextrose
Injection Type 5

311. Multiple Electrolytes, Dextrose, and
Fructose Injection

312. Nabilone Capsules

313. Nalbuphine Hydrochloride Injec-
tion

314. Naproxen Extended-Release Ta-
blets

315. Naproxen Sodium Capsules

316. Nelarabine Injection 317. Nelfinavir Oral Powder 318. Nelfinavir Tablets

319. Neomycin Sulfate Oral Powder 320. Nepafenac Ophthalmic Suspension 321. Nesiritide for Injection

322. Nicardipine Hydrochloride Cap-
sules

323. Nicardipine Hydrochloride
Extended-Release Capsules

324. Nicardipine Hydrochloride Injection

325. Nicotine Inhaler 326. Nicotine Metered-Dose Nasal Inha-
ler

327. Nicotine Polacrilex Lozenge

328. Nilutamide Tablets 329. Nisoldipine Extended-Release
Tablets

330. Nitrofurantoin Extended-Release
Capsules

331. Nitroglycerin Solution in Acrylic
Adhesive

332. Nitroglycerin Transdermal System 333. Nizatidine Tablets

334. Norethindrone Acetate and Ethinyl
Estradiol Transdermal System

335. Ofloxacin Otic Solution 336. Olanzapine for Injection

337. Olopatadine Hydrochloride Nasal
Spray

338. Olsalazine Sodium Capsules 339. Omeprazole Delayed-Release Tablets

340. Oral Solution Containing at Least
Three of the Following—Guaifenesin
and Salts of Dextromethorphan and
Pseudoephedrine

341. Oral Solution—Codeine and Salts
of Dextromethorphan, Guaifenesin,
and Phenylpropanolamine

342. Orphenadrine Citrate, Aspirin, and
Caffeine Tablets

343. Oxcarbazepine Suspension 344. Oxiconazole Cream 345. Oxymorphone Hydrochloride Ta-
blets

346. Paclitaxel for Suspension 347. Paliperidone Extended-Release
Tablets

348. Paroxetine Oral Suspension

349. Peg 3350 for Oral Solution 350. Pemirolast Potassium Ophthalmic
Solution

351. Pentamidine Isethionate for Inhala-
tion

352. Pentamidine Isethionate for
Injection

353. Pentobarbital Sodium Supposi-
tories

354. Phendimetrazine Tartrate Extended-
Release Capsules

355. Phenobarbital Capsules 356. Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Extended-
Release Capsules

357. Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Extended-
Release Tablets

358. Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Syrup

359. Phenylephrine Hydrochloride,
Chlorpheniramine Maleate, and Aceta-
minophen Extended-Release Tablets

360. Phenylpropanolamine Hcl, Dextro-
methorphan Hydrobromide, and Guaife-
nesin Oral Solution

361. Phenylpropanolamine
Hydrochloride and Guaifenesin
Extended-Release Tablets

362 . P i l oca rp ine Hydroch lo r ide
Ophthalmic Gel

363. Pilocarpine Hydrochloride Ophthal-
mic Ointment

364. Piperonyl Butoxide and Pyrethrins
Aerosol Foam

365. Podofilox Gel 366. Podofilox Topical Solution

367. Poractant Alfa Suspension 368. Porfimer Sodium for Injection 369. Povacrylate Solution

370. Povacrylate-Iodine Topical Solu-
tion

371. Povidone-Iodine Gauze 372. Povidone-Iodine Swabsticks

373. Povidone-Iodine Topical Aerosol
Foam

374. Povidone-Iodine Vaginal Supposi-
tories

375. Pramipexole Dihydrochloride Ta-
blets

376. Prasterone Tablets 377. Prednisolone Sodium Phosphate
Oral Solution

378. Progesterone Capsules

379. Progesterone Vaginal Gel 380. Propafenone Hydrochloride Tablets 381. Propranolol Hydrochloride Ex-
tended-Release Tablets

382. Pseudoephedrine Hydrochloride
and Brompheniramine Maleate
Extended-Release Tablets

383. Pseudoephedrine Hydrochloride
and Carbinoxamine Maleate Syrup

384. Pseudoephedrine Hydrochloride
and Carbinoxamine Maleate Tablets
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Small Molecules (Drug Products)—As of October 15, 2009 (Continued)

385. Pseudoephedrine Hydrochloride
and Naproxen Sodium Extended-Re-
lease Tablets

386. Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Co-
deine Phosphate Oral Solution

387. Pseudoephedrine Hydrochloride,
Guaifenesin, and Codeine Phosphate Oral
Solution

388. Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Extended-
Release Tablets

389. Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Oral Solu-
tion

390. Pseudoephedrine Sulfate, Dexbrom-
pheniramine Maleate, and Acetamino-
phen Extended-Release Tablets

391. Pyrilamine Maleate Injection 392. Quetiapine Fumarate Tablets 393. Quinidine Sulfate Injection

394. Rabeprazole Sodium Delayed-
Release Tablets

395. Ramipril Capsules 396. Ranitidine Effervescent Tablets

397. Ribavirin Capsules 398. Ribavirin Tablets 399. Rifampin and Isoniazid Tablets

400. Rifampin Tablets 401. Rifapentine Tablets 402. Rimantadine Hydrochloride Oral
Solution

403. Rivastigmine Tartrate Oral Solution 404. Rivastigmine Transdermal System 405. Rizatriptan Benzoate Orally-
Disintegrating Tablets

406. Rizatriptan Benzoate Tablets 407. Rocuronium Bromide Injection 408. Ropinirole Extended-Release Tablets

409. Rose Bengal Ophthalmic Solution 410. Rufinamide Tablets 411. Salicylic Acid and Sulfur Cleansing
Lotion

412. Salicylic Acid and Sulfur Lotion 413. Salicylic Acid and Sulfur Shampoo 414. Salicylic Acid Cream

415. Salicylic Acid Ointment 416. Scopolamine Transdermal System 417. Selegiline Hydrochloride Capsules

418. Sertaconazole Nitrate Cream 419. Sertraline Hydrochloride Oral
Solution

420. Sevelamer Hydrochloride Capsules

421. Sevelamer Tablets 422. Sibutramine Hydrochloride
Capsules

423. Silodosin Capsules

424. Simvastatin Orally Disintegrating
Tablets

425. Sirolimus Oral Solution 426. Sodium Bicarbonate and Sodium
Citrate for Oral Solution

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

428. Sodium Iodide Injection 429. Sodium Phenylbutyrate Oral Powder

430. Sodium Phenylbutyrate Tablets 431. Sodium Phosphates for Oral
Suspension

432. Sodium Phosphates Tablets

433. Sodium Salicylate and Sulfur
Shampoo

434. Sotalol Hydrochloride Injection 435. Sparfloxacin Tablets

436. Stavudine and Lamivudine Tablets 437. Stavudine, Lamivudine, and Nevir-
apine Tablets

438. Sterile Epinephrine Suspension

439. Sterile Estrone and Estrone Potassi-
um Sulfate Suspension

440. Streptozocin for Injection 441. Sucralfate Oral Suspension

442. Sulconazole Nitrate Cream 443. Sulfacetamide Sodium and Fluoro-
metholone Ophthalmic Suspension

444. Sulfacetamide Sodium and Predniso-
lone Sodium Phosphate Ophthalmic
Solution

445. Sulfasalazine Oral Suspension 446. Sulisobenzone Lotion 447. Sumatriptan Injection

448. Synthetic Conjugated Estrogens
Vaginal Cream

449. Tacrolimus Injection 450. Tacrolimus Ointment

451. Tazarotene Topical Gel 452. Telbivudine Oral Solution 453. Temozolomide Capsules

454. Terbinafine Hydrochloride Cream 455. Terbinafine Hydrochloride Oral
Granules

456. Terconazole Vaginal Cream

457. Terconazole Vaginal Suppositories 458. Testosterone Transdermal System 459. Theophylline Elixir

460. Theophylline Extended-Release
Tablets

461. Tiludronic Acid Tablets 462. Tinidazole Tablets

463. Tioconazole Vaginal Ointment 464. Tiopronin Tablets 465. Tolnaftate Topical Aerosol Solution

466. Tolterodine Tablets 467. Topiramate Capsules 468. Topotecan Capsules

469. Toremifene Tablets 470. Torsemide Injection 471. Torsemide Tablets

472. Tranexamic Acid Injection 473. Tranexamic Acid Tablets 474. Trastuzumab Intravenous Injection

475. Treprostinil Inhalation Solution 476. Tretinoin Capsules 477. Tretinoin Microsphere Gel

478. Triamcinolone Acetonide Metered-
Dose Nasal Spray

479. Triamcinolone Acetonide Metered-
Dose Nasal Suspension

480. Triamcinolone Acetonide Pressurized
Nasal Inhaler

481. Trifluridine Ophthalmic Solution 482. Trimipramine Maleate Capsules 483. Triprolidine and Pseudoephedrine
Hydrochlorides and Codeine Phosphate
Syrup

484. Triprolidine and Pseudoephedrine
Hydrochlorides Extended-Release Cap-
sules

485. Trolamine Salicylate Gel 486. Troleandomycin for Oral Suspension

487. Trospium Chloride Tablets 488. Trypan Blue Ophthalmic Solution 489. Undecylenic Acid Topical Foam
Aerosol
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Small Molecules (Drug Products)—As of October 15, 2009 (Continued)

490. Unoprostone Isopropyl Ophthal-
mic Solution

491. Urea Cream 492. Valproic Acid Delayed-Release
Capsules

493. Valsartan Capsules 494. Vecuronium Bromide for Injection 495. Verapamil Hydrochloride Capsules

496. Verapamil Hydrochloride Ex-
tended-Release Capsules

497. Yttrium Y 90 Chloride Solution 498. Yttrium Y 90 Glass Microspheres

499. Yttrium Y 90 Microspheres Injec-
tion

500. Zafirlukast Tablets 501. Zaleplon Capsules

502. Zeleplon Capsules 503. Zileuton Extended-Release Tablets 504. Zileuton Tablets

505. Zinc Acetate Capsules 506. Zinc Trisodium Pentetate Injection 507. Zoledronic Acid for Injection

508. Zolmitriptan Tablets 509. Zolpidem Tartrate Oral Spray 510. Zolpidem Tartrate Orally Disintegrat-
ing Tablets

PRIORITY NEW MONOGRAPH ITEMS. The following
list contains monographs USP is seeking for inactive in-
gredients. This list has been updated as of October 15,
2009.

Monograph sponsors should consult USP’s Guideline
for Submitting Requests for Revision to the USP–NF
at http://www.usp.org/USPNF/submitMonograph/
subGuide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Inactive Ingredients as of October 15, 2009

1. Acetophenone 2. Acetylated Monoglycerides 3. Acetyltryptophan

4. Calcium Pyrophosphate 5. Cardamom 6. Carmine

7. Cassia Oil 8. Cedar Leaf Oil 9. Cinnamaldehyde

10. Cinnamon 11. Cinnamon Oil 12. Citric Acid, Hydrous

13. Diatomaceous Earth 14. D-Mannose 15. Eucalyptus Oil

16. Hexane 17. Invert Sugar 18. Isobutyl Alcohol

19. Karaya Gum 20. Lanolin (aka Wool Fat), Hydroge-
nated

21. Lime Oil

22. Locust Bean Gum 23. Monoglycerides 24. Monosodium Citrate

25. Palm Oil, Unhydrogenated 26. Phenethyl Alcohol 27. Polyethylene

28. Polyoxyl Castor Oil—Multiple Num-
bers (USP has 35)

29. Polyoxyl Hydrogenated Castor Oil
(see NF Polyoxyl 40 Hydrogenated Cas-
tor Oil.

30. Polyoxyl Stearate—Multiple Numbers
(USP has 40 and 50)

31. Polypropylene Glycol 32. Propenyl Guaethol 33. Sodium Carbonate Decahydrate

34. Sodium Nitrate 35. Sodium Trimetaphosphate 36. Spearmint Oil

37. Stannous Chloride Anhydrous 38. T-Butylhydroquinone 39. Tristearin (aka Glyceryl Tristearate)

40. �-Naphthol
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INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Stan-
dards
� Newly adopted (official) revisions to the USP–NF that become official before the official date of the next Supplement or
that were not ready for adoption by the closing date for the upcoming Supplement. (The official date for these revisions is
stated on the next page.)
� Errata

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

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

Where the symbols appear together with no enclosed text, such as .
., it means that text has been deleted and no new

text was proposed to replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the issue
of a given PF volume.

Errata—Errata are considered to be text, erroneously published in the USP–NF or its Supplements, that does not ac-
curately reflect the intended official requirements of the Council of Experts. Beginning with PF 35(2), Errata will be pub-
lished both in the Pharmacopeial Forum and on the usp.org website. At the end of the Interim Revision Announcement
section in this publication is a list of errata and corrections to USP 32–NF 27. The page number indicates where the item
is found in USP–NF. Errata are updated as necessary in each Pharmacopeial Forum issue and monthly on the usp.org web-
site. This information will also be cumulative in future Supplements, and will appear in its corrected form in the next
annual edition of USP–NF. The list of Errata has been relocated to www.usp.org, where updates will be posted monthly.
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INTERIM REVISION
ANNOUNCEMENT

to USP 32 and to NF 27

By authority of the United States Pharmacopeial Convention, Inc.

Prepared by the Council of Experts and published by the Board of Trustees

Duane M. Kirking, Pharm.D., Ph.D.,
Chair, USP Board of Trustees,

USP Trustee At-Large

Roger L. Williams, M.D., Chief Executive Officer
and Chairman, USP Council of Experts

Susan de Mars, J.D., Chief Documentary Standards Officer and General Counsel
William F. Koch, Ph.D., FACB, Chief Standards Acquisition and Metrology Officer

Released January 1, 2010 Official February 1, 2010

Inquiries regarding USP–NF can be addressed to the USP Executive Secretariat, 12601 Twinbrook Parkway,
Rockville, MD 20852, USA (execsec@usp.org).
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New USP Reference Standards

The following USP Reference Standards, which were
not available when the associated monograph was made
official, have since become available. The respective offi-
cial date of each USP 32 or NF 27 standard, test, or assay
requiring the use of the following USP Reference Stan-
dards is indicated in parentheses after the name of the
Reference Standard. Note that the official date is six
months after publishing in this PF.

USP S-Adenosyl-L-homocysteine RS (March 1, 2010)
USP Fludeoxyglucose Related Compound B RS (May 1, 2010)
USP Alpha Lipoic Acid RS (March 1, 2010)
USP Lypressin RS (March 1, 2010)
USP Propylene Glycol Dilaurate RS (May 1, 2010)
USP Valrubicin RS (March 1, 2010)
USP Vasopressin RS (March 1, 2010)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP 32 or NF 27 standards,
tests, or assays requiring the use of the following new
USP Reference Standards are postponed until further no-
tice pending availability of the respective Reference Stan-
dards. This listing was updated as of August 10, 2009.
Please refer to the current USP Catalog for a more up-
to-date availability list. The USP Catalog can be accessed
on-line at http://www.uspcatalog.com.

USP Acarbose RS
USP Acarbose System Suitability Mixture RS
USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Powdered Echinacea pallida Extract RS
USP Eucatropine Hydrochloride RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Oleyl Oleate RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin Related Compound A RS
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MONOGRAPHS (USP)

Acitretin Capsules

Change to read:

Assay—
Diluent—Prepare a suitable mixture of methanol and

tetrahydrofuran (13 : 10).
Mobile phase—Prepare a filtered and degassed mixture of

methanol, water, alcohol, and glacial acetic acid
(74 : 21 : 5 : 0.5). Make adjustments if necessary (see System
Suitability under Chromatography h621i).

Standard preparation—In a 100-mL volumetric flask, dissolve
about 10 mg of USP Acitretin RS, accurately weighed, in 80 mL
of Diluent, and sonicate for 5 minutes. Add 8 mL of water, and
quantitatively dilute with Diluent to obtain a solution having a
concentration of about 0.1 mg per mL.

System suitability solution—Transfer 2 mL of the Standard
preparation to a clear 4-mL glass vial. After sealing the vial with
a teflon-lined silicone septum and cap, place the vial on its side
in a light chamber, expose it to 400 foot-candles of fluorescent
light for 5 minutes, and then completely wrap the vial with
aluminum foil. [NOTE—Exposure to the fluorescent light allows
for the formation of two degradation products: acitretin
related compound A and the 9-cis isomer [(E,E,Z,E)-9-(4-
methoxy-2,3,6-trimethylphenyl)-3,7-dimethyl-2,4,6,8-nonate-
traenoic acid].]

Assay preparation—.Open not fewer than 20 Capsules,
composite the Capsule fill, and mix well. Transfer the Capsule
fill, equivalent to 10 mg of acitretin, into a 100-mL volumetric
flask. Add 8 mL of water to wet the sample, and sonicate for 5
minutes. Dilute with Diluent to volume, and sonicate for 5
minutes. Cool to room temperature. Pass the suspension
through a suitable filter having a porosity of 0.5 mm, and use
the clear filtrate. [NOTE—Inject the Sample solution within an
hour of preparation.].1

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 365-nm detector and
a 4.6-mm 6 15-cm column that contains 5-mm L1 packing.
The flow rate is about 1.0 mL per minute. Chromatograph the
System suitability solution, and record the peak responses as
directed for Procedure: the resolution, R, between acitretin
related compound A (relative retention time of about 0.84)
and acitretin is not less than 3.0; the resolution, R, between the
9-cis isomer (relative retention time of about 1.09) and
acitretin is not less than 1.8. Chromatograph the Standard
preparation, and record the peak responses as directed for
Procedure: the relative standard deviation for replicate injec-
tions of acitretin is not more than 2.0%.

Procedure—Separately inject equal volumes (about 25 mL) of
the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of
acitretin (C21H26O3) in the portion of Capsules taken by the
formula:

100 6 C 6 (rU/rS)

in which C is the concentration, in mg per mL, of USP Acitretin
RS in the Standard preparation; and rU and rS are the peak
responses obtained from the Assay preparation and the
Standard preparation, respectively.

Docusate Sodium

Change to read:

Residue on ignition h281i: between 15.5% and 16.5%,
calculated on the anhydrous basis.

.Procedure—Transfer about 1 g, accurately weighed, to a
tared crucible, ignite until thoroughly charred, and cool.
Moisten the ash with 1 mL of sulfuric acid, and complete the
ignition by heating at 800+258 for 15-minute periods to
constant weight..1

Propranolol Hydrochloride
Extended-Release Capsules

Change to read:

Dissolution h711i—
TEST 1—If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 1.
pH 1.2 Buffer solution—Dissolve 2.0 g of sodium chloride in

water, add 7.0 mL of hydrochloric acid, dilute with water to
1 L, and mix.

pH 6.8 Buffer solution—Dissolve 21.72 g of anhydrous dibasic
sodium phosphate and 4.94 g of citric acid monohydrate in
water, dilute with water to 1 L, and mix.

Media—Proceed as directed under Method B for Delayed-
Release Dosage Forms, using 900 mL of pH 1.2 Buffer solution
during the Acid stage, .and conduct the test for 1.5 hours..1 For
the Buffer stage, use 900 mL of pH 6.8 Buffer solution, .conduct
the test for 2.5 hours (this is the 4-hour time point: 1.5 hours in
Acid stage plus 2.5 hours in Buffer stage), conduct the test for
the additional time points, always considering T1 = 1.5 hours,.1

and use the acceptance criteria given under Tolerances.
Apparatus 1: 100 rpm.
Times: 1.5, 4, 8, 14, and 24 hours.
Procedure—Using filtered portions of the solution under test,

diluted if necessary, determine the amount of C16H21NO2 �HCl
dissolved, using UV absorbances at the wavelength of
maximum absorbance at about 320 nm, with respect to a
baseline drawn from 355 nm through 340 nm, by comparison
with a Standard solution in water having a known concentra-
tion of USP Propranolol Hydrochloride RS.

Tolerances—The percentages of the labeled amount of
C16H21NO2 �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1.5 not more than 30%
4 between 35% and 60%
8 between 55% and 80%

14 between 70% and 95%
24 between 81% and 110%

TEST 2—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 2.

pH 1.2 Buffer solution—Dissolve 2.0 g of sodium chloride in
water, add 7.0 mL of hydrochloric acid, dilute with water to
1 L, and mix.

pH 7.5 Buffer solution—Dissolve 6.8 g of monobasic potas-
sium phosphate and 1.6 g of sodium hydroxide in 900 mL of
water, adjust with 1 N sodium hydroxide to a pH of 7.5, dilute
with water to 1 L, and mix.
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Media—Proceed as directed under Method B for Delayed-
Release Dosage Forms, using 900 mL of pH 1.2 Buffer solution
during the Acid stage, .and conduct the test for 1 hour..1 For
the Buffer stage, use 900 mL of pH 7.5 Buffer solution, .conduct
the test for 2 hours (this is the 3-hour time point: 1 hour in Acid
stage plus 2 hours in Buffer stage), conduct the test for the
additional time points, always considering T1 = 1 hour,.1 and
use the acceptance criteria given under Tolerances.

Apparatus 1: 50 rpm.
Times: 1, 3, 6, and 12 hours.
Procedure—Using filtered portions of the solution under test,

diluted if necessary, determine the amount of C16H21NO2 �HCl
dissolved, using UV absorbances at the wavelength of
maximum absorbance at about 320 nm, with respect to a
baseline drawn from 355 nm through 340 nm, by comparison
with a Standard solution in water having a known concentra-
tion of USP Propranolol Hydrochloride RS.

Tolerances—The percentages of the labeled amount of
C16H21NO2 �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1 not more than 20%
3 between 20% and 45%
6 between 45% and 80%

12 not less than 80%

.TEST 3—If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 3.

Acid stage medium: pH 1.2 buffer solution (prepared by
dissolving 2.0 g of sodium chloride in water, adding 7.0 mL of
hydrochloric acid, and diluting with water to 1000 mL); 900
mL.

Buffer stage medium: pH 6.8 phosphate buffer; 900 mL.
Apparatus 1: 100 rpm.
Standard stock solution: Transfer 50 mg, accurately

weighed, of USP Propranolol Hydrochloride RS to a 50-mL
volumetric flask, and dilute with water to volume.

Working standard solution—Quantitatively dilute the Stan-
dard stock solution with water to obtain a final concentration of
about L/1000 mg per mL, where L is the capsule label claim in
mg.

Procedure—Conduct the test in Acid stage medium for 1.5
hours, sample, and pass through a suitable 0.45-mm filter.
Replace the Acid stage medium with the Buffer stage medium,
and conduct the test for 2.5 hours (this is the 4-hour time
point: 1.5 hours in Acid stage medium plus 2.5 hours in Buffer
stage medium), conduct the test for the additional time points,
always considering T1 = 1.5 hours, and use the acceptance
criteria given under Tolerances.

Determine the percentage of propanolol hydrochloride
dissolved using the spectrophotometric procedure as directed
for Test 1.

Tolerances—The percentages of the labeled amount of
C16H21NO2 �HCl dissolved at the times specified conform to
Acceptance Table 2.

Time (hours) Amount dissolved

1.5 not more than 15%
4 not more than 30%
8 between 25% and 60%

14 between 55% and 85%
24 not less than 75%
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or
pending official publication of USP–NF. If necessary, a new list of reported errata will be provided with each issue of PF. This informa-
tion will also be available as a cumulative table in future Supplements and will appear in its corrected form in a future annual edition of
USP–NF. An erratum consists of content erroneously published that does not accurately reflect the intended official or effective re-
quirements as approved by the Council of Experts. USP staff is available to respond to questions regarding the accuracy of a parti-
cular requirement (call 1-800-822-USPC).

USP 32–NF 27

Page Title Section Description

2012 Cod Liver Oil Assay for vitamin D Under Procedure, line 4 from the end : Change
‘‘in which, rU2 and rU1’’
to:
in which, rU1 and rU2

2991 Mirtazapine Orally
Disintegrating Tablets

Definition Line 3: Change
‘‘(C17H19N3), calculated on the anhydrous basis.’’
to:
(C17H19N3).

3604 Succinylcholine Chloride Chromatographic purity Under Test 1, Buffer solution: Change
‘‘Prepare a solution in water containing 3.85 g per L
of 1-pentanesulfonic acid,’’
to:
Prepare a solution in water containing 3.85 g per L
of sodium 1-pentanesulfonate anhydrous,

First Supplement to USP 32–NF 27

4042, online Chlorhexidine Gluconate
Solution

Related compounds The gradient table under Chromatographic system
was erroneously replaced by the gradient table un-
der Chromatographic system in the Assay. See cor-
rect table given after this errata table.

4086 Orbifloxacin Heavy metals h231i Change the section head to read: Heavy metals,
Method II h231i

Second Supplement to USP 32–NF 27

4154 h891i Thermal Analysis Transition and Melting Point
Temperatures

Table 1, 2nd row, 3rd cell: Change
‘‘Exothermic’’
to:
Endothermic

4228 Cloprostenol Injection Assay Line 2 under pH 2.5 Monobasic sodium phosphate
solution: Change
‘‘2.4 mg of monobasic sodium phosphate’’
to:
2.4 mg of monobasic sodium phosphate dihydrate
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Second Supplement to USP 32–NF 27

Page Title Section Description

4232 Ecamsule Solution Related compounds 1st formula under Test for Related Compound A to F,
Procedure: Change
‘‘100[CS / (CU A)](rU / rS)’’
to:
100[100CS / (CU6A)](rU / rS)

2nd formula under Test for Related Compound A to F,
Procedure: Change
‘‘100(350.43 / 372.41)[CS / (CUA)](rU / rS)’’
to:
100(350.43/372.41)[100CS / (CU6A)](rU / rS)

1st formula under Test for related compound G,
Ecamsule exo-2-hydroxyecamsule, Ecamsule endo-2-
hydroxyecamsule, and unspecified impurities, Proce-
dure: Change
‘‘100(348.41 / 370.40)[CS / (CU A)](rU / rS)’’
to:
100(348.41 / 370.40)[100CS / (CU6A)](rU / rS)

2nd formula under Test for related compound G,
Ecamsule exo-2-hydroxyecamsule, Ecamsule endo-2-
hydroxyecamsule, and unspecified impurities, Proce-
dure: Change
‘‘100(1 / F)[CS / (CU A)](ri / rS)’’
to:
100(1 / F)[100CS / (CU6A)](ri / rS)

Chlorhexidine Gluconate Solution, Related compounds

Time
(minutes)

Solution A
(%)

Solution B
(%) Elution

0 100 0 equilibration

0–15 100 0 isocratic

15–16 100?45 0?55 linear gradient

16–21 45 55 isocratic

21–22 45?100 55?0 linear gradient

22–27 100 0 re-equilibration
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USP 33–NF 28

Page Title
Category
Section Description

415 h891i Thermal
Analysis

Transition and Melting
Point Temperatures

Table 1, 2nd row, 3rd cell: Change
‘‘Exothermic’’
to:
Endothermic

1476 Benzalkonium
Chloride

Specific Tests
Limit of Amines and

Amine Salts

Under category Impurities, add section Organic Impurities and
move Limit of Amines and Amine Salts to this new section, changing
its name to: Procedure: Limit of Amines and Amine Salts

2222 Bupropion
Hydrochloride

Impurities
Organic Impurities

Under Procedure 2: Change
‘‘Diluent, Solution A, Mobile phase, Solution B, Standard solution,
Sample solution, Chromatographic system, and System suitability’’
to:
Diluent, Solution A, Mobile phase, Standard solution, Sample solution,
Chromatographic system, and System suitability

In the formula under Analysis: Change
‘‘Result = (rU/rS) 6 (CS/CU) 6 100’’
to:
Result = (rU/rS) 6 (CS/CU) 6 (1/F) 6 100
and add the definition:
F = relative response factor for each impurity relative to bupropion

2606 Cod Liver Oil Assay
Vitamin D

Change the definitions of variables
‘‘rU2 = peak response for cholecalciferol from Sample solution A
rIS2 = peak response for ergocalciferol from Sample solution B
rIS1 = peak response for ergocalciferol from Sample solution A
rU1 = peak response for cholecalciferol from Sample solution B’’
to:
rU2 = peak response for cholecalciferol from Sample solution B
rIS2 = peak response for ergocalciferol from Sample solution B
rIS1 = peak response for ergocalciferol from Sample solution A
rU1 = peak response for cholecalciferol from Sample solution A

2881 Ecamsule Solution Impurities
Organic Impurities

1st formula under Procedure 1: Test for Related Compounds A to F:
Change
‘‘Result = (rU/rS) 6 [CS/(CU 6 A)] 6 100’’
to:
Result = (rU/rS) 6 [(100 6 CS)/(CU 6 A)] 6 100

2nd formula under Procedure 1: Test for Related Compounds A to F:
Change
‘‘Result = (rU/rS) 6 [CS/(CU 6 A)] 6 (Mr1/Mr2) 6 100’’
to:
Result = (rU/rS) 6 [(100 6 CS)/(CU 6 A)] 6 (Mr1/Mr2) 6 100

1st formula under Procedure 2: Test for Related Compound G, Ecam-
sule exo-2-Hydroxyecamsule, Ecamsule endo-2-Hydroxyecamsule,
and Unspecified Impurities: Change
‘‘Result = (rU/rS) 6 [CS/(CU 6 A)] 6 (Mr1/Mr2) 6 100’’
to:
Result = (rU/rS) 6 [(100 6 CS)/(CU 6 A)] 6 (Mr1/Mr2) 6 100

2nd formula under Procedure 2: Test for Related Compound G, Ecam-
sule exo-2-Hydroxyecamsule, Ecamsule endo-2-Hydroxyecamsule,
and Unspecified Impurities: Change
‘‘Result = (rU/rS) 6 (CS/CU 6 A) 6 (1/F) 6 100’’
to:
Result = (rU/rS) 6 [(100 6 CS)/(CU 6 A)] 6 (1/F) 6 100

4368 Polyvinyl Alcohol Impurities
Organic Impurities

Line 1 under Procedure 2: Limit of Methanol (Methyl Alcohol) and
Methyl Acetate, System suitability: Change
‘‘Sample: Sample solution’’
to:
Sample: Standard solution

4735 Succinylcholine
Chloride

Impurities
Organic Impurities

Line 1 under Procedure 1: Solution A: Change
‘‘3.85 mg/mL of 1-pentanesulfonic acid,’’
to:
3.85 mg/mL of sodium 1-pentanesulfonate anhydrous,
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PROPOSED
INTERIM REVISION
ANNOUNCEMENTS

This section includes proposals for Interim Revision Announcements (IRAs) that will be published as official USP or NF
standards. There is a 60-day comment period for these proposals, beginning on the 15th of the first month of this
Pharmacopeial Forum. The approved official text will be published in a future Pharmacopeial Forum and additionally in
the ‘‘New Official Text’’ section of USP’s web site (www.usp.org). Readers should review material in this section and
provide comments to the Scientific Liaison (use the Staff Directory to find the contact information). Information on
how to comment is found in the Policies and Announcements section. It is important to send comments promptly so that
the Expert Committee members can consider readers’ input as they are deciding whether to advance standards to official
status.

Each proposal is preceded by a Briefing that indicates the proposed revisions.
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Add the following:USP MONOGRAPHS
•• B.  The retention time of the major peak of the Sample solu-

tion corresponds to that of the Standard solution, as obtained
in the Assay.•3

BRIEFING
Delete the following:

Cephalexin,  USP 32 page 1870; Cephalexin Capsules, USP 32 •• C. THIN-LAYER CHROMATOGRAPHYpage 1871; Cephalexin Hydrochloride, USP 32 page 1871; Standard solution:  25 mg/mL of USP Cephalexin RS in waterCephalexin Tablets, USP 32 page 1872; and Cephalexin with the aid of 0.1 N hydrochloric acidTablets for Oral Suspension, USP 32 page 1873. Because 1- Sample solution:  25 mg/mL in water, with 0.1 N hydrochlo-hydroxybenzotriazole is banned in the United States for safety ric acidreasons, it is proposed to revise the Assay to delete the Chromatographic systemrequirement for this reagent. USP has data supporting the (See Chromatography 〈621〉, Thin-Layer Chromatography.)proposed revision. The calculation formula for the Assay was Mode:  TLCupdated accordingly. Adsorbent:  0.25-mm layer of chromatographic silica gelIdentification tests B and C in the Cephalexin monograph are mixturereplaced by a single identification test based on the Application volume:  5 µLchromatographic retention times in the Assay. Developing solvent system:  Ethyl acetate, acetonitrile, gla-The comment period for this revision ends on March 15, 2010. In cial acetic acid, and water (21:7:7:9)the absence of significant adverse comments, it is proposed to Analysisimplement this revision via the Third Interim Revision Samples:  Standard solution and Sample solutionAnnouncement pertaining to USP 33–NF 28, with an official date Allow the spots to dry, and place the plate in a saturatedof June 1, 2010. chamber containing the solvent system and lined with filter
paper. Develop the chromatogram until the solvent front
has moved three-fourths of the length of the plate. Remove

(MD-ANT: A. Wise.) RTS—C70517 the plate from the developing chamber, mark the solvent
front, allow the plate to air-dry, and examine under short-
wavelength UV light.

Acceptance criteria:  The RF value of the principal spot of the
Sample solution corresponds to that of the Standard solution.•3Cephalexin

ASSAY

Change to read:

 • PROCEDURE
Mobile phase:  Prepare 1015 mL of a suitable mixture of

C16H17N3O4S · H2O 365.40 acetonitrile, methanol, triethylamine, and water
(100:50:15:850). Dissolve 1.0 g of sodium-1-pentanesulfonateC16H17N3O4S 347.40
in this mixture and adjust with phosphoric acid to a pH of 3.05-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[(amino-
± 0.1.phenylacetyl)amino]-3-methyl-8-oxo-, monohydrate, [6R-[6α,7β

Internal standard stock solution:  About 30 mg/mL of 1-(R*)]]-;
hydroxybenzotriazole in methanol(6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-

Internal standard solution:  0.3 mg/mL of 1-hydroxybenzo-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid monohy-
triazole from Internal standard stock solution diluted with Mo-drate [23325-78-2].
bile phaseAnhydrous [15686-71-2]. ••3

Standard stock solution:  1 mg/mL of USP Cephalexin RS inDEFINITION
waterCephalexin has a potency of NLT 950 µg and NMT 1030 µg of

Standard solution:  Mix 10.0 mL of Standard stock solutionC16H17N3O4S/mg, calculated on the anhydrous basis.
with 15.0 mL of Internal standard solution.•0.4 mg/mL of

IDENTIFICATION cephalexin in Mobile phase from Standard stock solution•3
• A. INFRARED ABSORPTION 〈197K〉 Sample stock solution:  1 mg/mL of Cephalexin in water

Sample solution:  Mix 10.0 mL of Standard stock solution with
15.0 mL of Internal standard solution.•0.4 mg/mL ofDelete the following:
Cephalexin in Mobile phase from Sample stock solution•3

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)•• B. ULTRAVIOLET ABSORPTION 〈197U〉
Mode:  LCSample solution:  0.02 mg/mL of Cephalexin in water
Detector:  UV 254 nmStandard solution:  0.02 mg/mL of USP Cephalexin RS in
Column:  4.6-mm × 25-cm; packing L1 of low aciditywater
Flow rate:  1.5 mL/minAbsorptivity:  On the anhydrous basis, at peak maxima about
Injection size:  20 µL262 nm: 95.0%–104.0% of Sample solution to Standard solu-

System suitabilitytion corrected for potency
Sample:  Standard solutionAcceptance criteria:  Peak maxima and minima at the same
[NOTE—The relative retention times for 1-hydroxybenzo-wavelengths•3
triazole and cephalexin are about 0.35 and 1.0,
respectively.]

••3
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Suitability requirements anhydrous basis, in mg/mL, and draw a straight line
Resolution:  NLT 5 between the internal standard and the through the two points and zero. From the line so ob-
Cephalexin peaks tained and the peak responses of the Sample solution, de-

••3 termine the concentration, I, in mg/mL, of each
Relative standard deviation:  NMT 2.0% cephalexin-related substance of the Sample solution other

Analysis than the cephalexin peak.
Samples:  Standard solution and Sample solution Calculate the percentage of each cephalexin-related
Calculate the quantity, in µg, of C16H17N3O4S/mg of substance:
Cephalexin taken:

Result = I/C × 100
Result = (RU/RS) × (CS/CU) × P •I = concentration of each cephalexin-related sub-

stance in the Sample solution as determined•Result = (rU/rS) × (CS/CU) × P•3 from the calibration curve (mg/mL) •3

C = concentration, calculated on the anhydrous ba-
RU = ratio of the responses of the cephalexin peak to sis, of Cephalexin in the Sample solution

the 1-hydroxybenzotriazole peak from the (mg/mL)
Sample solution Acceptance criteria

RS = ratio of the responses of the cephalexin peak to Individual impurities:  NMT 1.0% of any individual
the 1-hydroxybenzotriazole peak from the cephalexin-related substance
Standard solution Total impurities:  NMT 5.0 %•rU = peak response from the Sample solution • PROCEDURE 2: DIMETHYLANILINE 〈223〉:  Meets the requirement

rS = peak response from the Standard solution•3

CS = concentration of USP Cephalexin RS in the Stan- SPECIFIC TESTS
dard solution (mg/mL) • OPTICAL ROTATION, Specific Rotation 〈781S〉:  +149° to +158°

CU = concentration of Cephalexin in the Sample solu- Sample solution:  5 mg/mL, in pH 4.4 neutralized phthalate
tion (mg/mL) buffer (See Reagents, Indicators, and Solutions—Buffer Solutions)

P = designated content of cephalexin in USP • CRYSTALLINITY 〈695〉:  Meets the requirements
Cephalexin RS (µg/mg) • PH 〈791〉:  3.0–5.5, in an aqueous suspension containing 50

Acceptance criteria:  950–1030 µg/mg on the anhydrous mg/mL
basis • WATER DETERMINATION, Method I 〈921〉:  4.0%–8.0%

IMPURITIES ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers.
• USP REFERENCE STANDARDS 〈11〉Change to read: USP Cephalexin RS

Organic Impurities
• PROCEDURE 1 BRIEFINGSolution A:  Dissolve 1 g of sodium 1-pentanesulfonate in a

mixture of 1000 mL of water and 15 mL of triethylamine.
Adjust with phosphoric acid to a pH of 2.5 ± 0.1.

Cephalexin Hydrochloride,  USP 32 page 1871. See briefingSolution B:  Dissolve 1 g of sodium 1-pentanesulfonate in a
under Cephalexin. Identification tests A and B in the Cephalexinmixture of 300 mL of water and 15 mL of triethylamine.
Hydrochloride monograph are replaced by a single identificationAdjust with phosphoric acid to a pH of 2.5 ± 0.1, and add
test based on the chromatographic retention times in the Assay.350 mL of acetonitrile and 350 mL of methanol.
The comment period for this revision ends on March 15, 2010.Mobile phase:  See the gradient table below.
In the absence of significant adverse comments, it is proposed
to implement this revision via the Third Interim Revision An-

Time Solution A Solution B nouncement pertaining to USP 33–NF 28, with an official date of
 (min)  (%)  (%) June 1, 2010.

0 100 0
1 100 0

33.3 0 100 (MD-ANT: A. Wise.) RTS—C78430
34.3 0 100

Diluent:  18 mg/mL of monobasic potassium phosphate in
water Cephalexin Hydrochloride

Standard solutions:  0.08 mg/mL and 0.16 mg/mL of
C16H17N3O4S from USP Cephalexin RS in Diluent, taking into

C16H17N3O4S · HCl · H2O 401.87account the stated potency of the USP Cephalexin RS
5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[(amino-Sample solution:  5 mg/mL of Cephalexin in Diluent

phenylacetyl)amino]-3-methyl-8-oxo-, monohydrochloride,Chromatographic system
monohydrate, [6R-[6α,7β (R*)]]-;(See Chromatography 〈621〉, System Suitability.)

(6R,7R)-7-[(2R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-Mode:  LC
thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, monohydro-Detector:  UV 254 nm
chloride, monohydrate;Column:  4.6-mm × 25-cm; packing L1 of low acidity

7-(D-2-Amino-2-phenylacetamido)-3-methyl-3-cephem-4-carbox-Flow rate:  1 mL/min
ylic acid hydrochloride monohydrate [105879-42-3].Injection size:  20 µL

Analysis DEFINITIONSamples:  Standard solutions and Sample solution Cephalexin Hydrochloride contains the equivalent of NLT 800 µgPlot the responses of the cephalexin peaks from the Stan- and NMT 880 µg of cephalexin (C16H17N3O4S) per mg.dard solutions versus their concentrations, calculated on the
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IDENTIFICATION Sample stock solution:  1.15 mg/mL of Cephalexin Hydro-
chloride in water

Sample solution:  Mix 10.0 mL of Sample stock solution withDelete the following: 15.0 mL of Internal Standard solution.•0.4 mg/mL of
cephalexin in Mobile phase from Sample stock solution•3

Chromatographic system•• A. THIN-LAYER CHROMATOGRAPHY
(See Chromatography 〈621〉, System Suitability.)Standard solution:  25 mg/mL of USP Cephalexin RS in water
Mode:  LCwith the aid of 0.1 N hydrochloric acid
Detector:  UV 254 nmSample solution:  25 mg/mL in water with the aid of 0.1 N
Column:  4.6-mm × 25-cm; packing L1 of low acidityhydrochloric acid
Flow rate:  1.5 mL/minChromatographic system
Injection size:  20 µL(See Chromatography 〈621〉, Thin-Layer Chromatography.)

System suitabilityMode:  TLC
Sample:  Standard solutionAdsorbent:  0.25-mm layer of chromatographic silica gel
[NOTE—The relative retention times for 1-hydroxybenzo-mixture
triazole and cephalexin are 0.35 and 1.0, respectively.]Application volume:  5 µL ••3Developing solvent system:  Ethyl acetate, acetonitrile, gla-

Suitability requirementscial acetic acid, and water (21:7:7:9)
Resolution:  NLT 5 between the internal standard and theAnalysis
analyte peaksSamples:  Standard solution and Sample solution ••3Allow the spots to dry, place the plate in a saturated cham-

Relative standard deviation:  NMT 2.0%ber containing the solvent system and lined with filter pa-
Analysisper. Develop the chromatogram until the solvent front has
Samples:  Standard solution and Sample solutionmoved three-fourths of the length of the plate. Remove the
Calculate the quantity, in µg, of C16H17N3O4S in each mg ofplate from the developing chamber, mark the solvent front,
Cephalexin Hydrochloride taken:allow the plate to air-dry, and examine under short-wave-

length UV light. Result = (RU/RS) × (CS/CU) × PAcceptance criteria:  The RF value of the principal spot of the
Sample solution corresponds to that of the Standard solution.•3

•Result = (rU/rS) × (CS/CU) × P•3

Add the following:
RU = ratio of the responses of the cephalexin peak to

the 1-hydroxybenzotriazole peak from the
Sample solution•• A.  The retention time of the major peak of the Sample solu-

RS = ratio of the responses of the cephalexin peak totion corresponds to that of the Standard solution, as obtained
the 1-hydroxybenzotriazole peak from thein the Assay.•3
Standard solution

•rU = peak response from the Sample solution
Delete the following: rS = peak response from the Standard solution•3

CS = concentration of USP Cephalexin RS in the Stan-
dard stock solution (mg/mL)•• B. PROCEDURE CU = concentration of Cephalexin Hydrochloride fromSample solution:  0.02 mg/mL of cephalexin in water the Sample stock solution (mg/mL)Analysis:  The UV absorption spectrum of the Sample solution P = designated content of cephalexin in USPexhibits maxima and minima at the same wavelengths as that Cephalexin RS (µg/mg)of a similar solution of USP Cephalexin RS, concomitantly Acceptance criteria:  800–880 µg/mgmeasured.•3

IMPURITIES
Organic ImpuritiesChange to read:
• PROCEDURE 1

Solution A:  1 g of sodium 1-pentanesulfonate in a mixture
• C•B.•3IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  10 of 1000 mL of water and 15 mL of triethylamine. Adjust with

mg/mL meets the requirements for Chloride. phosphoric acid to a pH of 2.5 ± 0.1.
Solution B:  1 g of sodium 1-pentanesulfonate in a mixture

ASSAY of 300 mL of water and 15 mL of triethylamine. Adjust with
phosphoric acid to a pH of 2.5 ± 0.1, and add 350 mL of
acetonitrile and 350 mL of methanol.Change to read:

Mobile phase:  See the gradient table below.

• PROCEDURE Time Solution A Solution B
Mobile phase:  Prepare 1015 mL of a mixture of acetonitrile, (min) (%) (%)
methanol, triethylamine, and water (100:50:15:850). Dissolve 0 100 0
1.0 g of sodium 1-pentanesulfonate in this mixture and adjust

1 100 0with phosphoric acid to a pH of 3.0 ± 0.1.
33.3 0 100Internal standard solution:  0.3 mg/mL of 1-hydroxybenzo-
34.3 0 100triazole in methanol and Mobile phase (1:99).[NOTE—Dissolve

first in methanol, using 1% of the final volume and dilute with
Diluent:  18 mg/mL of monobasic potassium phosphate inMobile phase to volume.]
water••3

Standard solutions:  0.08 mg/mL and 0.16 mg/mL ofStandard stock solution:  1 mg/mL of USP Cephalexin RS in
C16H17N3O4S from USP Cephalexin RS in Diluent, taking intowater
account the stated potency of the USP Cephalexin RSStandard solution:  Mix 10.0 mL of Standard stock solution

Sample solution:  6 mg/mL of Cephalexin Hydrochloride inand 15.0 mL of Internal standard solution.•0.4 mg/mL of
Diluentcephalexin in Mobile phase from Standard stock solution•3
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Chromatographic system Cephalexin Capsules
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC DEFINITION
Detector:  UV 254 nm Cephalexin Capsules contain the equivalent of NLT 90.0% and
Column:  4.6-mm × 25-cm; packing L1 of low acidity NMT 120.0% of the labeled amount of cephalexin
Flow rate:  1 mL/min (C16H17N3O4S).
Injection size:  20 µL

Analysis IDENTIFICATION
Samples:  Standard solutions and Sample solution
Plot the responses of the cephalexin peaks of the Standard

Delete the following:solutions versus their concentrations, calculated on the an-
hydrous basis, in mg/mL, and draw a straight line through
the two points and zero. From the line so obtained and •• A. THIN-LAYER CHROMATOGRAPHYthe peak responses of the Sample solution, determine the Standard solution:  3 mg/mL of USP Cephalexin RS in waterconcentration, I, in mg/mL, of each cephalexin-related sub- Sample solution:  3 mg/mL of cephalexin from Capsule instance from the Sample solution other than the cephalexin water and filterpeak. Chromatographic systemCalculate the percentage of each cephalexin-related sub- (See Chromatography 〈621〉, Thin-Layer Chromatography.)stance represented by each peak of the Sample solution, Mode:  TLCother than the cephalexin peak. Adsorbent:  0.25-mm layer of binder-free silica gel

Application volume:  10 µLResult = (I/C) × 100
Pre-developing solvent system:  n-Hexane and tetradecane
(95:5)I = concentration of each cephalexin-related sub-

Ninhydrin solution:  66.7 mg/mL of ninhydrin in acetonestance in the Sample solution as determined
Developing solvent system:  0.1 M citric acid, 0.1 M dibasicfrom the calibration curve (mg/mL)
sodium phosphate, and Ninhydrin solution (60:40:1.5)C = concentration, calculated on the anhydrous ba-

Analysissis, of cephalexin in the Sample solution
Samples:  Standard solution and Sample solution(mg/mL)
Allow the solvent front to move the length of the plate inAcceptance criteria
the Pre-developing solvent system, remove the plate from theIndividual impurities:  NMT 1.0% of any individual
chamber, and allow the solvent to evaporate. On this platecephalexin-related substance is found.
apply 10 µL each of the Sample solution and Standard solu-Total impurities:  NMT 5.0%
tion. Allow the spots to dry, and develop the chromatogram• PROCEDURE 2: DIMETHYLANILINE 〈223〉:  Meets the requirement
in the Developing solvent system until the solvent front has
moved three-fourths of the length of the plate. Remove theSPECIFIC TESTS
plate from the developing chamber, mark the solvent front,• CRYSTALLINITY 〈695〉:  Meets the requirements
dry the plate for 10 min at 110°, and examine the• PH 〈791〉:  1.5–3.0, in a solution containing 10 mg/mL
chromatogram.• WATER DETERMINATION, Method I 〈921〉:  3.0%–6.5%

Acceptance criteria:  The RF value of the principal spot of
ADDITIONAL REQUIREMENTS the Sample solution corresponds to that of the Standard
• PACKAGING AND STORAGE:  Preserve in tight containers. solution.•3
• USP REFERENCE STANDARDS 〈11〉

USP Cephalexin RS
Add the following:

•• The retention time of the major peak of the Sample solu-BRIEFING
tion corresponds to that of the Standard solution, as ob-
tained in the Assay.•3

Cephalexin Capsules,  USP 32 page 1871. See briefing under ASSAY
Cephalexin. The following additional changes appear in the
Cephalexin Capsules proposal:

Change to read:1.  The thin-layer chromatographic Identification test is re-
placed with a test based on the chromatographic retention
time in the Assay. • PROCEDURE2.  The test for Water Determination is deleted per current USP Mobile phase:  Prepare 1015 mL of a mixture of acetonitrile,convention to eliminate this test from drug product methanol, triethylamine, and water (100:50:15:850). Dissolvemonographs. 1.0 g of sodium 1-pentanesulfonate in this mixture and adjustThe comment period for this revision ends on March 15, 2010. In with phosphoric acid to a pH of 3.0 ± 0.1.the absence of significant adverse comments, it is proposed to Internal standard solution:  0.3 mg/mL of 1-hydroxybenzo-implement this revision via the Third Interim Revision Announce- triazole in methanol and Mobile phase (1:99)[NOTE—Dissolvement pertaining to USP 33–NF 28, with an official date of June 1, first in methanol, using 1% of the final volume and dilute with2010. Mobile phase to volume.]

••3

Standard stock solution:  1 mg/mL of USP Cephalexin RS in
(MD-ANT: A. Wise.) RTS—C78431 water

Standard solution:  Mix 10.0 mL of Standard stock solution
with 15.0 mL of Internal standard solution.•0.4 mg/mL of
cephalexin in Mobile phase from Standard stock solution•3

Sample stock solution:  Equivalent to 1 mg/mL of cephalexin
from combined contents of NLT 20 Capsules in water. Soni-
cate, if necessary, to dissolve the cephalexin. Filter, if neces-
sary, to obtain a clear solution.
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Sample solution:  Mix 10.0 mL of Sample stock solution with BRIEFING
15.0 mL of Internal standard solution.•0.4 mg/mL of
cephalexin in Mobile phase from Sample stock solution•3

Chromatographic system Cephalexin for Oral Suspension,  USP 32 page 1872. The(See Chromatography 〈621〉, System Suitability.) following changes are proposed:Mode:  LC •  Because 1-hydroxybenzotriazole is banned in the UnitedDetector:  UV 254 nm States for safety reasons, it is proposed to revise the Assay toColumn:  4.6-mm × 25-cm; packing L1 of low acidity delete the requirement for a System suitability solution andFlow rate:  1.5 mL/min the acceptance criteria for Resolution. USP has data support-Injection size:  20 µL ing the revision.System suitability •  The thin-layer chromatographic Identification test is replacedSample:  Standard solution with a test based on the chromatographic retention time in[NOTE—The relative retention times for 1-hydroxybenzo- the Assay.triazole and cephalexin are 0.35 and 1.0, respectively.]••3 •  The test for Water Determination is deleted per current USPSuitability requirements convention to eliminate this test from drug productResolution:  NLT 5 between the internal standard and the monographs.analyte peaks The comment period for this revision ends on March 15, 2010. In••3 the absence of significant adverse comments, it is proposed toRelative standard deviation:  NMT 2.0% implement this revision via the Third Interim Revision Announce-Analysis ment pertaining to USP 33–NF 28, with an official date of June 1,Samples:  Standard solution and Sample solution 2010.Calculate the percentage of C16H17N3O4S in the portion of
Capsules taken:

Result = (RU/RS) × (CS/CU) × P × F × 100 (MD-ANT: A. Wise.) RTS—C70518

•Result = (rU/rS) × (CS/CU) × P × F × 100•3

Cephalexin for Oral Suspension
RU = ratio of the response of the cephalexin peak to

the 1-hydroxybenzotriazole peak from the
DEFINITIONSample solution
Cephalexin for Oral Suspension is a dry mixture of CephalexinRS = ratio of the response of the cephalexin peak to

and one or more suitable buffers, colors, diluents, and flavors.the 1-hydroxybenzotriazole peak from the
It contains the equivalent of NLT 90.0% and NMT 120.0% ofStandard solution
the labeled amount of C16H17N3O4S per mL when constituted•rU = response from the Sample solution
as directed in the labeling.rS = response from the Standard solution•3

CS = concentration of USP Cephalexin RS in the Stan- IDENTIFICATION
dard solution (mg/mL)

CU = nominal concentration of cephalexin in the Sam-
Delete the following:ple solution (mg/mL)

P = designated content of cephalexin in USP
Cephalexin RS (µg/mg) •• A. THIN-LAYER CHROMATOGRAPHYF = unit conversion factor, 0.001 mg/µg

Standard solution:  3 mg/mL of USP Cephalexin RS in waterAcceptance criteria:  90.0%–120.0%
Sample solution:  3 mg/mL of Cephalexin, from Oral Suspen-
sion constituted as directed in the labeling and filteredPERFORMANCE TESTS

Ninhydrin solution:  66.7 mg/mL of ninhydrin in acetone• DISSOLUTION 〈711〉
Chromatographic systemMedium:  Water; 900 mL
Mode:  TLCApparatus 1:  100 rpm
Adsorbent:  0.25-mm layer of binder-free silica gelTime:  30 min
Application volume:  10 µLSample solution:  Sample per Dissolution 〈711〉. Dilute with
Pre-developing solvent:  n-Hexane and tetradecane (95:5)Medium as needed.
Developing solvent:  0.1 M citric acid, 0.1 M dibasic sodiumStandard solution:  20 µg/mL of USP Cephalexin RS in
phosphate, and Ninhydrin solution (120:80:3)Medium

AnalysisSpectrometric conditions
Samples:  Standard solution and Sample solution(See Spectrophotometry and Light-Scattering 〈851〉.)
Place the plate in Pre-developing solvent at a depth of 1 cmMode:  UV
and allow the solvent front to move the length of the plate,Analytical wavelength:  UV maximum at about 262 nm
remove the plate from the chamber, and allow the solventAnalysis
to evaporate. On this plate apply 10 µL each of the SampleSamples:  Standard solution and Sample solution
solution and the Standard solution. Allow the spots to dry,Tolerances:  NLT 80% (Q) of the labeled amount of
and develop the chromatogram in the Developing solventC16H17N3O4S is dissolved.
until the solvent front has moved three-fourths of the length• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
of the plate. Remove the plate from the developing cham-

SPECIFIC TESTS ber, mark the solvent front, dry the plate for 10 min at
110°, and examine the chromatogram.

Acceptance criteria:  The RF value of the principal spot ofDelete the following:
the Sample solution corresponds to that of the Standard
solution•3

•• WATER DETERMINATION, Method I 〈921〉:  NMT 10.0%•3

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers.
• USP REFERENCE STANDARDS 〈11〉

USP Cephalexin RS
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Acceptance criteria:  90.0%–120.0%Add the following:

PERFORMANCE TESTS
• UNIFORMITY OF DOSAGE UNITS 〈905〉  For solid packaged in sin-•• The retention time of the major peak of the Sample solu-

gle-unit containers: meets the requirementstion corresponds to that of the Standard solution, as ob-
• DELIVERABLE VOLUME 〈698〉:  Meets the requirementstained in the Assay.•3

SPECIFIC TESTSASSAY

Delete the following:Change to read:

•• WATER DETERMINATION, Method I 〈921〉:  NMT 2.0%•3• PROCEDURE
• PH 〈791〉:  3.0–6.0, constituted as directed in the labelingMobile phase:  About 985 g/L of sodium 1-pentanesulfonate

in acetonitrile, methanol, triethylamine, and water ADDITIONAL REQUIREMENTS(20:10:3:170), adjusted with phosphoric acid to a pH of 3.0 ± • PACKAGING AND STORAGE:  Preserve in tight containers.0.1 • USP REFERENCE STANDARDS 〈11〉Standard stock solution:  1 mg/mL of USP Cephalexin RS in USP Cephalexin RSwater
Standard solution:  Mix 10.0 mL of Standard stock solution
with 15.0 mL of Internal standard solution.

System suitability stock solution:  0.3 mg/mL of 1-hydrox- BRIEFINGybenzotriazole in Mobile phase; initial dilution is made in a
volume of methanol that does not exceed 10% of the final
volume

Cephalexin Tablets,  USP 32 page 1872. See briefing underSystem suitability solution:  10.0 mL of System suitability
Cephalexin.stock solution and 15.0 mL of Internal standard solution

The following additional changes appear in the Cephalexin Tablets••3
proposal:Sample stock solution:  Nominally equivalent to 1 mg/mL of
•  The thin-layer chromatographic Identification test is replacedcephalexin from Oral Suspension, constituted as directed in

with a test based on the chromatographic retention time inthe labeling, freshly mixed and free from air bubbles. Soni-
the Assay.cate, if necessary, to assure complete dissolution of the

•  The test for Water Determination is deleted per current USPcephalexin. Filter, if necessary, to obtain a clear solution.
convention to eliminate this test from drug productSample solution:  Mix 10.0 mL of Sample stock solution and
monographs.15.0 mL of Internal standard solution.

The comment period for this revision ends on March 15, 2010. InChromatographic system
the absence of significant adverse comments, it is proposed to(See Chromatography 〈621〉, System Suitability.)
implement this revision via the Third Interim Revision Announce-Mode:  LC
ment pertaining to USP 33–NF 28, with an official date of JuneDetector:  UV 254 nm
1, 2010.Column:  4.6-mm × 25-cm; packing L1 of low acidity

Flow rate:  1.5 mL/min
Injection size:  20 µL

System suitability (MD-ANT: A. Wise.) RTS—C78432
Sample:  Standard solution and System suitability solution
[NOTE—The relative retention times for 1-hydroxybenzo-
triazole and cephalexin are about 0.35 and 1.0,
respectively.] Cephalexin Tablets••3

Suitability requirements DEFINITION
Resolution:  NLT 5 between the 1-hydroxybenzotriazole Cephalexin Tablets are prepared from Cephalexin or Cephalexin
peak and the cephalexin peak, System suitability solution Hydrochloride. They contain the equivalent of NLT 90.0% and••3 NMT 120.0% of the labeled amount of cephalexin

Relative standard deviation:  NMT 2.0%, Standard (C16H17N3O4S).
solution

Analysis IDENTIFICATION
Samples:  Standard solution and Sample solution
Calculate the percentage of C16H17N3O4S in each mL of Oral

Delete the following:Suspension taken:

Result = (rU/rS) × (CS/CU) × P × F × 100 •• THIN-LAYER CHROMATOGRAPHY
Standard solution:  3 mg/mL of USP Cephalexin RS in waterrU = cephalexin peak response from the Sample solu-
Sample solution:  3 mg/mL of cephalexin from powderedtion
Tablets in water and filterrS = cephalexin peak response from the Standard so-

Chromatographic systemlution
(See Chromatography 〈621〉, Thin-Layer Chromatography.)CS = concentration of USP Cephalexin RS in the Stan-
Mode:  TLCdard stock solution (mg/mL)
Adsorbent:  0.25-mm layer of binder-free silica gelCU = nominal concentration of cephalexin from the
Application volume:  10 µLSample stock solution (mg/mL)
Pre-developing solvent system:  n-Hexane and tetradecaneP = designated potency of USP Cephalexin RS
(95:5)(µg/mg)

Ninhydrin solution:  66.7 mg/mL pf ninhydrin in acetoneF = unit conversion factor, 0.001 mg/µg
Developing solvent system:  0.1 M citric acid, 0.1 M dibasic
sodium phosphate, and Ninhydrin solution (60:40:1.5)
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Analysis RU = peak response ratio of cephalexin to the 1-
Samples:  Standard solution and Sample solution hydroxybenzotriazole peak from the Sample so-
Allow the solvent front to move the length of the plate in lution
the Pre-developing solvent system, remove the plate from the RS = peak response ratio of cephalexin to the 1-
chamber, and allow the solvent to evaporate. On this plate hydroxybenzotriazole peak from the Standard
apply 10 µL each of the Sample solution and Standard solu- solution
tion. Allow the spots to dry, and develop the chromatogram •rU = peak response from the Sample solution
in the Developing solvent system until the solvent front has rS = peak response from the Standard solution•3

moved three-fourths of the length of the plate. Remove the CS = concentration of USP Cephalexin RS in the Stan-
plate from the developing chamber, mark the solvent front, dard solution (mg/mL)
dry the plate for 10 min at 110°, and examine the CU = nominal concentration of cephalexin in the Sam-
chromatogram. ple solution (mg/mL)

Acceptance criteria:  The RF value of the principal spot of the P = designated content of cephalexin in USP
Sample solution corresponds to that of the Standard solution.•3 Cephalexin RS (µg/mg)

F = unit conversion factor, 0.001 mg/µg
Acceptance criteria:  90.0%–120.0%Add the following:

PERFORMANCE TESTS
• DISSOLUTION 〈711〉•• The retention time of the major peak of the Sample solution Cephalexincorresponds to that of the Standard solution, as obtained in Medium:  Water; 900 mLthe Assay.•3 Apparatus 1:  Use 40-mesh cloth and 100 rpm.

Time:  30 minASSAY
Sample solution:  Sample per Dissolution 〈711〉. Dilute with
Medium to a concentration that is similar to the Standard

Change to read: solution.
Standard solution:  20 µg/mL of USP Cephalexin RS in
Medium

• PROCEDURE Spectrometric conditions
Mobile phase:  Prepare 1015 mL of a mixture of acetonitrile, Mode:  UV
methanol, triethylamine, and water (100:50:15:850). Dissolve Analytical wavelength:  UV maximum at about 262 nm
1.0 g of sodium 1-pentanesulfonate in this mixture and adjust Analysis
with phosphoric acid to a pH of 3.0 ± 0.1. Samples:  Standard solution and Sample solution

Internal standard solution:  0.3 mg/mL of 1-hydroxybenzo- Tolerances:  NLT 80% (Q) of the labeled amount of
triazole in methanol and Mobile phase (1:99) [NOTE—Dissolve C16H17N3O4S is dissolved.
first in methanol, using 1% of the final volume, and dilute Cephalexin hydrochloride
with Mobile phase to volume.] Medium, Sample solution, Spectrometric conditions, Stan-••3 dard solution, and Analysis:  Proceed as directed under

Standard stock solution:  1 mg/mL of USP Cephalexin RS in Cephalexin above.
water Apparatus 1:  Use 10-mesh cloth and 150 rpm.

Standard solution:  Mix 10.0 mL of Standard stock solution Time:  45 min
with 15.0 mL of Internal standard solution•0.4 mg/mL of Tolerances:  NLT 75% (Q) of the labeled amount of
cephalexin in Mobile phase from Standard stock solution•3 C16H17N3O4S is dissolved.

Sample stock solution:  Equivalent to 1 mg/mL of cephalexin • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
in water from NLT 20 Tablets, powdered. Sonicate, if neces-
sary, to ensure complete dissolution of the cephalexin. Filter, if SPECIFIC TESTS
necessary, to obtain a clear solution.

Sample solution:  Mix 10.0 mL of Sample stock solution and
Delete the following:15.0 mL of Internal standard solution•0.4 mg/mL of

cephalexin in Mobile phase from Sample stock solution•3

Chromatographic system •• WATER DETERMINATION, Method I 〈921〉:  NMT 9.0% where(See Chromatography 〈621〉, System Suitability.) Tablets contain Cephalexin; NMT 8.0% where Tablets containMode:  LC Cephalexin Hydrochloride•3Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L1 of low acidity ADDITIONAL REQUIREMENTS
Flow rate:  1.5 mL/min • PACKAGING AND STORAGE:  Preserve in tight containers.
Injection size:  20 µL • LABELING:  The label states whether the Tablets contain

System suitability Cephalexin or Cephalexin Hydrochloride.
Sample:  Standard solution • USP REFERENCE STANDARDS 〈11〉
[NOTE—The relative retention times for 1-hydroxybenzo- USP Cephalexin RS
triazole and cephalexin are about 0.35 and 1.0, respec-
tively.]••3

Suitability requirements
Resolution:  NLT 5 between the internal standard and the BRIEFING
analyte peaks

••3

Relative standard deviation:  NMT 2.0% Cephalexin Tablets for Oral Suspension,  USP 32 page
Analysis 1873. See briefing under Cephalexin. The following additional
Samples:  Standard solution and Sample solution changes appear in the Cephalexin Tablets for Oral Suspension
Calculate the percentage of C16H17N3O4S in the portion of proposal:
Tablets taken: 1.  The thin-layer chromatographic Identification test is re-

placed with a test based on the chromatographic retentionResult = (RU/RS) × (CS/CU) × P × F × 100 time in the Assay.

•Result = (rU/rS) × (CS/CU) × P × F × 100•3
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2.  The test for Water Determination is deleted per current USP Internal standard solution:  0.3 mg/mL of 1-hydroxybenzo-
convention to eliminate this test from drug product triazole in methanol and Mobile phase (1:99)[NOTE—Dissolve
monographs. first in methanol, using 1% of the final volume, and dilute

 The comment period for this revision ends on March 15, 2010. with Mobile phase to volume.]
In the absence of significant adverse comments, it is proposed to ••3

implement this revision via the Third Interim Revision Announce- Standard stock solution:  1 mg/mL of USP Cephalexin RS in
ment pertaining to USP 33–NF 28, with an official date of June 1, water
2010. Standard solution:  Mix 10.0 mL of Standard stock solution

and 15.0 mL of Internal standard solution.•0.4 mg/mL of
cephalexin in Mobile phase from Standard stock solution•3

Sample stock solution:  Nominally equivalent to 1 mg/mL of(MD-ANT: A. Wise.) RTS—C78463 cephalexin from combined contents of NLT 20 powdered Tab-
lets for Oral Suspension in water. Pass a portion of the solu-
tion through a filter having a 1-µm or finer porosity.

Sample solution:  Mix 10.0 mL of Sample stock solution withCephalexin Tablets for Oral Suspension 15.0 mL of Internal standard solution.•0.4 mg/mL of
cephalexin in Mobile phase from Sample stock solution•3

DEFINITION Chromatographic system
Cephalexin Tablets for Oral Suspension contain NLT 90.0% and (See Chromatography 〈621〉, System Suitability.)

NMT 110.0% of the labeled amount of cephalexin Mode:  LC
(C16H17N3O4S). Detector:  UV 254 nm

Column:  4.6-mm × 25-cm; packing L1 of low acidityIDENTIFICATION Flow rate:  1.5 mL/min
Injection size:  20 µL

System suitabilityDelete the following:
Sample:  Standard solution
[NOTE—The relative retention times for 1-hydroxybenzo-•• A. THIN-LAYER CHROMATOGRAPHY triazole and cephalexin are about 0.35 and 1.0, respec-

Standard solution:  3 mg/mL of USP Cephalexin RS in water tively.]••3
Sample solution:  3 mg/mL of cephalexin from powdered Suitability requirements
Tablets for Oral Suspension in water and filter Resolution:  NLT 5 between the internal standard and the

Chromatographic system analyte peaks, Standard solution
(See Chromatography 〈621〉, Thin-Layer Chromatography. ••3
Mode:  TLC Relative standard deviation:  NMT 2.0%, Standard
Adsorbent:  0.25-mm layer of binder-free silica gel solution
Application volume:  10 µL Analysis
Pre-developing solvent system:  n-Hexane and tetradecane Samples:  Standard solution and Sample solution
(95:5) Calculate the percentage of C16H17N3O4S in each Tablet for

Ninhydrin solution:  66.7 mg/mL of ninhydrin in acetone Oral Suspension:
Developing solvent system:  0.1 M citric acid, 0.1 M dibasic
sodium phosphate, and Ninhydrin solution (60:40:1.5) Result = (RU/RS) × (CS/CU) × P × F × 100

Analysis
•Result = (rU/rS) × (CS/CU) × P × F × 100•3Samples:  Standard solution and Sample solution

RU = peak response ratio of cephalexin to the 1-Allow the solvent front to move the length of the plate in
hydroxybenzotriazole peak from the Sample so-the Pre-developing solvent system, remove the plate from the
lutionchamber, and allow the solvent to evaporate. On this plate

RS = peak response ratio of cephalexin to the 1-apply 10 µL each of the Standard solution and Sample solu-
hydroxybenzotriazole peak from the Standardtion. Allow the spots to dry, and develop the chromatogram
solutionin the Developing solvent system until the solvent front has

•rU = response from the Sample solutionmoved three-fourths of the length of the plate. Remove the
rS = response from the Standard solution•3plate from the developing chamber, mark the solvent front,
CS = concentration of USP Cephalexin RS in the Sam-dry the plate for 10 min at 110°, and examine the

ple stock solution (mg/mL)chromatogram.
CU = nominal concentration of cephalexin in the Sam-Acceptance criteria:  The RF value of the principal spot of the

ple stock solution (mg/mL)Sample solution corresponds to that of the Standard solution.•3

P = designated content of cephalexin in USP
Cephalexin RS (µg/mg)

Add the following: F = unit conversion factor, 0.001 mg/µg
Acceptance criteria:  90.0%–110.0%

•• The retention time of the major peak of the Sample solution PERFORMANCE TESTS
corresponds to that of the Standard solution, as obtained in • DISINTEGRATION 〈701〉:  Tablets for Oral Suspension disintegrate
the Assay.•3 in 3 min, using water at 20 ± 5°.

• DISSOLUTION 〈711〉ASSAY
Medium:  Water; 900 mL
Apparatus 1:  Use 40-mesh cloth and 100 rpm.

Change to read: Time:  30 min
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 〈851〉.)

• PROCEDURE Mode:  UV
Mobile phase:  Prepare 1015 mL of a mixture of acetonitrile, Analytical wavelength:  UV maximum at about 262 nm
methanol, triethylamine, and water (100:50:15:850). Dissolve Analysis
1.0 g of sodium 1-pentanesulfonate in this mixture and adjust Samples:  Standard solution and Sample solution
with phosphoric acid to a pH of 3.0 ± 0.1. Tolerances:  NLT 80% (Q) of the labeled amount of

C16H17N3O4S is dissolved.
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• DISPERSION FINENESS:  Place 2 Tablets for Oral Suspension in ASSAY
100 mL of water, and stir until completely dispersed. A
smooth dispersion is obtained that passes through a No. 25 Change to read:sieve.

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirements
• PROCEDURESPECIFIC TESTS Solution A:  15.2 mg/mL of triethylamine in water. Adjust

with phosphoric acid to a pH of 3.0.
Delete the following: Solution B:  Acetonitrile and n-propyl alcohol (3:2)

Mobile phase:  Solution A and Solution B (17:3)
Standard stock solution:  1 mg/mL of USP Leuprolide Acetate•• WATER DETERMINATION, Method I 〈921〉:  NMT 9.0%•3 RS in Mobile phase
Standard solution:  Dilute 5.0 mL of Standard stock solutionADDITIONAL REQUIREMENTS with Mobile phase to 100.0 mL.• PACKAGING AND STORAGE:  Preserve in tight containers at con- Degradation standard solution:  Dilute 5.0 mL of the Stan-trolled room temperature. dard stock solution with water to 50.0 mL. Transfer 5 mL of• USP REFERENCE STANDARDS 〈11〉 the solution to a scintillation vial. Add 100 µL of 1 N sodiumUSP Cephalexin RS hydroxide solution, cap tightly, and shake vigorously. Place in
an oven at 100° for 60 min, remove, allow to cool, add 50 µL
of 1 M phosphoric acid, recap, and shake vigorously to mix.

Sample solution:  50 µg/mL of Leuprolide Acetate in MobileBRIEFING phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

Leuprolide Acetate,  USP 32 page 2761. On the basis of com- Mode:  LC
ments received, it is proposed to remove the retention time for Detector:  UV 220 nm
the acetic acid peak in the test for Content of Acetic Acid. The Column:  4.6-mm × 10-cm; 3-µm packing L1
formula in the Assay is corrected to reflect the labeling of USP Flow rate:  1–1.5 mL/min
Leuprolide Acetate RS on the anhydrous, acetic acid–free basis, Injection size:  20 µL
which makes the coefficient in the formula unnecessary. System suitability

Samples:  Mobile phase, Standard solution, and Degradation
standard solution
[NOTE—Chromatograph the Mobile phase, and verify that no(BB PP: A. Khrenov.) RTS—C83380
extraneous peaks are present.]

[NOTE—The relative retention times for the degradation prod-
uct and leuprolide are 0.90 and 1.0, respectively.]

Suitability requirementsLeuprolide Acetate
Retention time:  41–49 min for leuprolide, Degradation
standard solution

Resolution:  NLT 1.5 between leuprolide and the degrada-
tion product, Degradation standard solution

Tailing factor:  0.8–1.5, Standard solution
Relative standard deviation:  NMT 1.5% for leuprolide
acetate, Standard solution

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C59H84N16O12 in the portion of
Leuprolide Acetate taken:

Result = [(rU/rS)(WS/WU)(P)(0.9527)(100)]/(100 – acetic acid
content – water content)

C59H84N16O12 · (C2H4O2)n, n = 1 or 2 1209.41 (as free base)
Luteinizing hormone-releasing factor, 6-D-leucine-9-(N-ethyl-L- •Result = [(rU/rS) × (WS/WU) × (P) × (100)]/(100 – AC –prolinamide)-10-deglycinamide acetate (salt);

WC)•35-Oxo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosyl-D-leucyl-L-leu-
cyl-L-arginyl-N-ethyl-L-prolinamide acetate (salt) [74381-53-6].

rU = peak area of the Sample solution
rS = peak area of the Standard solutionDEFINITION
WS = weight of USP Leuprolide Acetate RS in the Stan-Leuprolide Acetate is a synthetic nonapeptide agonist analog of

dard solution (mg)luteinizing hormone-releasing factor. It contains NLT 97.0%
WU = weight of Leuprolide Acetate in the Sample solu-and NMT 103.0% of leuprolide (C59H84N16O12), calculated on

tion (mg)the anhydrous, acetic acid–free basis.
P = designated purity of USP Leuprolide Acetate RS[NOTE—Due to the hygroscopic nature of this material, analyses

(%)are performed immediately after opening the container in a
AC = acetic acid content (%)glove box under dry nitrogen purge.] 
WC = water content (%)[CAUTION—Leuprolide Acetate is a potent hormonal manipulator.

Acceptance criteria:  97.0%–103.0%Avoid skin contact and inhalation of dusts and mists.]

OTHER COMPONENTSIDENTIFICATION
• AMINO ACID CONTENT• A. INFRARED ABSORPTION 〈197K〉

[NOTE—Use a suitable, validated procedure (see Biotechnology-• B.  The retention time of the major peak of the Sample solu-
Derived Articles—Amino Acid Analysis 〈1052〉).]tion corresponds to that of the Standard solution, as obtained

Standard solutions:  Prepare a solution having known equi-in the Assay.
molar amounts of L-alanine, L-arginine, L-aspartic acid, L-
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glutamic acid, glycine, L-histidine, L-isoleucine, L-leucine, L-ly- rU = peak area response of the Sample solution
sine, L-methionine, L-phenylalanine, L-proline, L-serine, L-threo- rS = peak area response of the Standard solution
nine, L-tyrosine, and L-valine with half the equimolar amount CS = concentration of the Standard solution (mg/mL)
of L-cystine. For the validation of the method, an appropriate CU = concentration of the Sample solution (mg/mL)
internal standard, such as norleucine, is used. Prepare a sepa- Acceptance criteria:  4.7%–9.0%
rate, equimolar solution of L-tryptophan.

IMPURITIESSample solution:  Transfer 64 mg of Leuprolide Acetate to a
Inorganic Impuritiessuitable vessel. Dissolve in 1.0 mL of water. Transfer 0.10 mL
• RESIDUE ON IGNITION 〈281〉:  NMT 0.3%of this solution to a vacuum hydrolysis tube, add 2.0 mL of 6
Organic ImpuritiesN hydrochloric acid, evacuate the tube, and heat for 16 h at
• PROCEDURE120°. Transfer 0.10 mL of the hydrolysate so obtained to a

Solution A:  15.2 mg/mL of triethylamine in water. Adjustsuitable vessel, add 1 mL of water, and lyophilize. Dissolve in
with phosphoric acid to a pH of 3.0 prior to final dilution.and dilute to a suitable volume in a buffer solution suitable for

Solution B:  Acetonitrile and n-propyl alcohol (3:2)amino acid analysis.
Mobile phase:  Solution A and Solution B (17:3)Analysis:  Inject equal volumes of the Standard solution and
Standard stock solution:  1 mg/mL of USP Leuprolide Ace-the Sample solution into the amino acid analyzer, and record
tate RS in Mobile phaseand measure the responses for each amino acid peak. Express

Standard solution:  Dilute 1.0 mL of Standard stock solutionthe content of each amino acid in moles.
with Mobile phase to 100.0 mL.Calculate the relative proportions of the amino acids in the

Degradation standard solution:  Dilute 5.0 mL of StandardSample solution, taking one-seventh of the sum of the num-
stock solution with water to 50.0 mL. Transfer 5 mL of theber of moles of histidine, glutamic acid, leucine, proline, ty-
solution to a scintillation vial. Add 100 µL of 1 N sodiumrosine, and arginine as equal to one.
hydroxide solution, tightly cap, and shake vigorously. PlaceAcceptance criteria:  0.85–1.1 moles each of glutamic acid,
in an oven at 100° for 60 min, remove, allow to cool, addproline, tyrosine, histidine, and arginine/mole of Leuprolide
50 µL of 1 M phosphoric acid, recap, and shake vigorously toAcetate; 1.8–2.2 moles of leucine/mole of Leuprolide Acetate;
mix.serine and tryptophan are also present

Sample solution:  1 mg/mL of Leuprolide Acetate in Mobile
phase

Change to read: Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC• CONTENT OF ACETIC ACID Detector:  UV 220 nmDiluent:  Methanol. Adjust with phosphoric acid to a pH of Column:  4.6-mm × 10-cm; 3-µm packing L12.5. Flow rate:  1–1.5 mL/minStandard solution:  Pipet 2.0 mL of glacial acetic acid into a Injection size:  20 µL100-mL volumetric flask, dilute with Diluent to volume, and System suitabilitymix. Transfer 4.0 mL of the solution to a 100-mL volumetric Samples:  Mobile phase, Standard solution, Degradationflask, dilute with Diluent to volume, and mix. Transfer 10.0 mL standard solution, and Sample solutionof this solution to a 100-mL volumetric flask, dilute with Dilu- [NOTE—Chromatograph the Mobile phase, and verify thatent to volume, and mix to obtain a solution having a known no extraneous peaks are present.]concentration of about 0.08 mg/mL. Suitability requirementsSample solution:  1 mg/mL of Leuprolide Acetate in Diluent Retention time:  41–49 min for leuprolide, DegradationChromatographic system standard solution(See Chromotography 〈621〉, System Suitability.) Resolution:  NLT 1.5 between leuprolide and the degra-Mode:  GC dation product, Degradation standard solutionDetector:  Flame ionization Tailing factor:  0.8–1.5, Standard solutionColumn:  0.53-mm × 30-m fused-silica capillary column that Relative standard deviation:  NMT 1.5% for leuprolidecontains a 1.2-µm film of phase G35 acetate, Standard solutionTemperature AnalysisColumn:  100° Samples:  Standard solution and Sample solutionInjection port:  200° [NOTE—Record the chromatograms for 90 min.]Detector:  250° Calculate the percentage of each impurity in the portion ofCarrier gas:  Helium C59H84N16O12 · (C2H4O2)n taken:Flow rate:  10 mL/min

Injection size:  1.0 µL Result = 0.01 × (rU/rS) × (WS/WU) × P
Injection type:  Splitless mode

System suitability rU = peak response for each impurity from the Sam-
Samples:  Diluent and Standard solution ple solution
Suitability requirements rS = leuprolide peak response from the Standard

Retention time:  5–7 min, acetic acid stock solution••3 WS = weight of USP Leuprolide Acetate RS in the
Column efficiency:  NLT 15,000 theoretical plates, Stan- Standard stock solution
dard solution WU = weight of Leuprolide Acetate in the Sample solu-

Tailing factor:  0.8–1.5, Standard solution tion (mg)
Relative standard deviation:  NMT 2% for glacial acetic P = designated purity of USP Leuprolide Acetate RS
acid, Standard solution (%)

Analysis Acceptance criteria
Samples:  Standard solution and Sample solution Individual impurities:  See Impurity Table 1.
Calculate the percentage of acetic acid (C2H4O2) in the por- Total impurities:  NMT 2.5%
tion of Leuprolide Acetate taken:

Result = (rU/rS) × (CS/CU) × 100
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Impurity Table 1 Sample solution:  10 mg/mL, in 1% acetic acid
• WATER DETERMINATION, Method Ic 〈921〉:  NMT 8.0%Relative Acceptance • BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 166.7 USPRetention Criteria, Endotoxin Units/mg of leuprolide acetate.Name Time NMT (%)

Acetyl-leuprolide 1.5 1.0 ADDITIONAL REQUIREMENTS
D-His-leuprolide 0.90 0.5 • PACKAGING AND STORAGE:  Preserve in tight containers. Store at

a temperature not higher than 30°.L-Leu6-leuprolide 1.2 0.5
• USP REFERENCE STANDARDS 〈11〉D-Ser-leuprolide 0.80 0.5

USP Endotoxin RS
Leuprolide 1.0 — USP Leuprolide Acetate RS
Any other impurity — 0.5

SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation 〈781S〉:  −38.0° to −42.0°

expressed on an anhydrous, acetic acid–free basis
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glutamic acid, glycine, L-histidine, L-isoleucine, L-leucine, L-ly- rU = peak area response of the Sample solution
sine, L-methionine, L-phenylalanine, L-proline, L-serine, L-threo- rS = peak area response of the Standard solution
nine, L-tyrosine, and L-valine with half the equimolar amount CS = concentration of the Standard solution (mg/mL)
of L-cystine. For the validation of the method, an appropriate CU = concentration of the Sample solution (mg/mL)
internal standard, such as norleucine, is used. Prepare a sepa- Acceptance criteria:  4.7%–9.0%
rate, equimolar solution of L-tryptophan.

IMPURITIESSample solution:  Transfer 64 mg of Leuprolide Acetate to a
Inorganic Impuritiessuitable vessel. Dissolve in 1.0 mL of water. Transfer 0.10 mL
• RESIDUE ON IGNITION 〈281〉:  NMT 0.3%of this solution to a vacuum hydrolysis tube, add 2.0 mL of 6
Organic ImpuritiesN hydrochloric acid, evacuate the tube, and heat for 16 h at
• PROCEDURE120°. Transfer 0.10 mL of the hydrolysate so obtained to a

Solution A:  15.2 mg/mL of triethylamine in water. Adjustsuitable vessel, add 1 mL of water, and lyophilize. Dissolve in
with phosphoric acid to a pH of 3.0 prior to final dilution.and dilute to a suitable volume in a buffer solution suitable for

Solution B:  Acetonitrile and n-propyl alcohol (3:2)amino acid analysis.
Mobile phase:  Solution A and Solution B (17:3)Analysis:  Inject equal volumes of the Standard solution and
Standard stock solution:  1 mg/mL of USP Leuprolide Ace-the Sample solution into the amino acid analyzer, and record
tate RS in Mobile phaseand measure the responses for each amino acid peak. Express

Standard solution:  Dilute 1.0 mL of Standard stock solutionthe content of each amino acid in moles.
with Mobile phase to 100.0 mL.Calculate the relative proportions of the amino acids in the

Degradation standard solution:  Dilute 5.0 mL of StandardSample solution, taking one-seventh of the sum of the num-
stock solution with water to 50.0 mL. Transfer 5 mL of theber of moles of histidine, glutamic acid, leucine, proline, ty-
solution to a scintillation vial. Add 100 µL of 1 N sodiumrosine, and arginine as equal to one.
hydroxide solution, tightly cap, and shake vigorously. PlaceAcceptance criteria:  0.85–1.1 moles each of glutamic acid,
in an oven at 100° for 60 min, remove, allow to cool, addproline, tyrosine, histidine, and arginine/mole of Leuprolide
50 µL of 1 M phosphoric acid, recap, and shake vigorously toAcetate; 1.8–2.2 moles of leucine/mole of Leuprolide Acetate;
mix.serine and tryptophan are also present

Sample solution:  1 mg/mL of Leuprolide Acetate in Mobile
phase

Change to read: Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC• CONTENT OF ACETIC ACID Detector:  UV 220 nmDiluent:  Methanol. Adjust with phosphoric acid to a pH of Column:  4.6-mm × 10-cm; 3-µm packing L12.5. Flow rate:  1–1.5 mL/minStandard solution:  Pipet 2.0 mL of glacial acetic acid into a Injection size:  20 µL100-mL volumetric flask, dilute with Diluent to volume, and System suitabilitymix. Transfer 4.0 mL of the solution to a 100-mL volumetric Samples:  Mobile phase, Standard solution, Degradationflask, dilute with Diluent to volume, and mix. Transfer 10.0 mL standard solution, and Sample solutionof this solution to a 100-mL volumetric flask, dilute with Dilu- [NOTE—Chromatograph the Mobile phase, and verify thatent to volume, and mix to obtain a solution having a known no extraneous peaks are present.]concentration of about 0.08 mg/mL. Suitability requirementsSample solution:  1 mg/mL of Leuprolide Acetate in Diluent Retention time:  41–49 min for leuprolide, DegradationChromatographic system standard solution(See Chromotography 〈621〉, System Suitability.) Resolution:  NLT 1.5 between leuprolide and the degra-Mode:  GC dation product, Degradation standard solutionDetector:  Flame ionization Tailing factor:  0.8–1.5, Standard solutionColumn:  0.53-mm × 30-m fused-silica capillary column that Relative standard deviation:  NMT 1.5% for leuprolidecontains a 1.2-µm film of phase G35 acetate, Standard solutionTemperature AnalysisColumn:  100° Samples:  Standard solution and Sample solutionInjection port:  200° [NOTE—Record the chromatograms for 90 min.]Detector:  250° Calculate the percentage of each impurity in the portion ofCarrier gas:  Helium C59H84N16O12 · (C2H4O2)n taken:Flow rate:  10 mL/min

Injection size:  1.0 µL Result = 0.01 × (rU/rS) × (WS/WU) × P
Injection type:  Splitless mode

System suitability rU = peak response for each impurity from the Sam-
Samples:  Diluent and Standard solution ple solution
Suitability requirements rS = leuprolide peak response from the Standard

Retention time:  5–7 min, acetic acid stock solution••3 WS = weight of USP Leuprolide Acetate RS in the
Column efficiency:  NLT 15,000 theoretical plates, Stan- Standard stock solution
dard solution WU = weight of Leuprolide Acetate in the Sample solu-

Tailing factor:  0.8–1.5, Standard solution tion (mg)
Relative standard deviation:  NMT 2% for glacial acetic P = designated purity of USP Leuprolide Acetate RS
acid, Standard solution (%)

Analysis Acceptance criteria
Samples:  Standard solution and Sample solution Individual impurities:  See Impurity Table 1.
Calculate the percentage of acetic acid (C2H4O2) in the por- Total impurities:  NMT 2.5%
tion of Leuprolide Acetate taken:

Result = (rU/rS) × (CS/CU) × 100
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IN-PROCESS REVISION
This section contains proposals for adoption as official USP or NF standards (either proposed new standards or proposed
revisions of current USP or NF standards). These may be any of the following: (1) proposed revisions placed directly under
In-Process Revision, or (2) modifications of revisions previously proposed under In-Process Revision. Readers should review
material in this section and provide comments to the staff liaison (use the Staff Directory to find the contact information).
Information on how to comment is found in the Policies and Announcements section. It is important to send comments
promptly so that the Committee members can consider readers’ input as they are deciding whether to advance stan-
dards to official status.

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

BRIEFING

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

(DSI: D. Sarma.) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. Because of
the redesign of monographs, any proposed new text with revisions for USP 33–NF 28 and beyond will be set off from the
current official text by shading where the symbols surround the text changes. Standards that become official as Interim
Revision Announcements (IRAs) in Pharmacopeial Forum will continue to identify changed text in a larger font (print edition
only). All USP–NF revisions use the following symbols that indicate the final destination of the official text: .new text. if
slated for an IRA;

~

new text
~

if slated for USP–NF; and &new text& if slated for a Supplement to USP–NF. The same symbols
not set off by an extra paragraph break and enclosing text with no increase in type size indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as .

., or &
&, or

~

~
, it means that text has

been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA or Supplement or in-
dicates the USP or NF as the publication where the revision will appear if approved. For example, .2 indicates that the
revision is proposed for the Interim Revision Announcement that will appear in issue 2 of a given PF volume, &2S (USP 32)

indicates that the proposed revision is slated for the Second Supplement to USP 32, and
~USP33 and

~NF28 indicates that
the revisions are proposed for USP 33 and NF 28, respectively.

Official Title Changes Where the specification ‘‘Monograph title change’’ is found, it indicates that the official title
stated after that specification will be substituted for the former title in the appropriate places throughout that mono-
graph once this revision becomes official.
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GENERAL NOTICES AND
REQUIREMENTS

BRIEFING

General Notices and Requirements, USP 32 pages 1–12. It
is proposed to revise the ten existing sections of General Notices
and Requirements to address such matters as the following: clar-
ifying the role of USP in federal law, x2.30; allowing the early
adoption of revised standards, x3.10; clarifying the applicability
of standards to official articles if and when tested, x3.10; clarify-
ing the role of ‘‘identity’’ and the Identification test, x5.40; and
clarifying procedures for the approval of reference standards
and the applicability of related USP–NF documentary standards,
x5.80. It is also proposed to add a new provision clarifying the
scope of control of elemental impurities (metals), x5.60.30. This
latter new provision anticipates two new general chapters, 232
and 233 that will have a deferred official date to provide a rea-
sonable opportunity for implementation. The provision is being
added to illustrate how these new general chapters will apply
once they do become official.

(HDQ: T. Cecil.) RTS—C83589

Change to read:

2. OFFICIAL STATUS AND LEGAL RECOGNITION

2.10. Official Text
Official text is text contained in USP and NF, including mono-

graphs, general chapters, and these General Notices. Revisions
to official text are provided in Supplements, Interim Revision An-
nouncements, and Revision Bulletins. General chapters num-
bered from 1000 to 1999 are considered interpretive and are
intended to provide information on, give definition to, or de-
scribe a particular subject. They contain no mandatory require-
ments applicable to any official article unless specifically
referenced in General Notices, a monograph, or a general chap-
ter numbered below 1000. General chapters numbered above
2000 apply only to articles that are intended for use as dietary
ingredients and dietary supplements.

2.20. Official Articles
An official article is an article that is recognized in USP or NF.

An article is deemed to be recognized and included in a com-
pendium when a monograph for the article is published in the
compendium and an official date is generally or specifically as-
signed to the monograph.

The title specified in a monograph is the official title for such
article. Other names considered to be synonyms of the official
titles may not be used as substitutes for official titles.

Official articles include both official substances and official pro-
ducts. An official substance is a drug substance, excipient, diet-
ary ingredient, other ingredient, or component of a finished
device for which the monograph title includes no indication
of the nature of the finished form.

An official product is a drug product, dietary supplement,
compounded preparation, or finished device for which a
monograph is provided.

2.30. Legal Recognition
The USP and NF are recognized in the laws and regulations of

many countries throughout the world. Regulatory authorities
may enforce the standards presented in the USP and NF, but
because recognition of the USP and NF may vary by country,
users should understand applicable laws and regulations. More
information about the legal status of the USP and NF is provided
in the Mission and Preface.

~

In the United States under under the Federal Food,

Drug, and Cosmetic Act (FDCA), both USP and NF are re-

cognized as official compendia. A drug with a name re-

cognized in USP–NF must comply with compendial

identity standards or be deemed adulterated, mis-

branded, or both. To avoid being deemed adulterated,

such drugs must also comply with compendial standards

for strength, quality, and purity, unless labeled to show all

respects in which the drug differs. See, e.g., FDCA Sec-

tions 501(b) and 502(e)(3)(b); see also FDA regulations,

21 CFR 299.5. In addition, to avoid being deemed mis-

branded, drugs recognized in USP–NF must also be pack-

aged and labeled in compliance with compendial

standards, FDCA Section 502(g).

A dietary supplement represented as conforming to spe-

cifications in USP will be deemed a misbranded food if it

fails to so conform. FDCA Section 403(s)(2)(D).

Enforcement of USP standards is the responsibility of FDA

and other government authorities in the U.S. and else-

where. USP has no role in enforcement.
~USP34

Change to read:

3. CONFORMANCE TO STANDARDS

3.10. Applicability of Standards
Standards for an article recognized in a USP compendium are

expressed in the article’s monograph, applicable general chap-
ters, and General Notices. Unless specifically exempted else-
where in a compendium, the identity, strength, quality, and
purity of an article are determined by the official tests, proce-
dures, and acceptance criteria, whether incorporated in the
monograph itself, in the General Notices, or in the applicable
general chapters.

~

Early adoption of revised standards is allowed. Where

revised standards for an existing article have been pub-

lished but are not yet official, compliance with the re-In
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vised standard shall not preclude a finding or indication

of conformance with USP official standards, unless USP

deems a revision inappropriate for early adoption.
~USP34

The standards in the relevant monograph, general chap-
ter(s), and General Notices apply at any time

~

all times
~USP34

in the life of the article from production to expiration. The man-
ufacturer’s specifications, and good manufacturing practices
generally

~

(including, e.g., Quality By Design initiatives),
~USP34

are developed and followed to ensure that the article will com-
ply with compendial standards until its expiration date, when
stored as directed. Thus, any official article tested as directed
in the relevant monograph shall comply.

~

(by the manufacturer, consistent with any applicable

standards). Thus, any official article is expected to meet

the compendial standards if tested, and any official arti-

cle actually tested as directed in the relevant monograph

must meet such standards to demonstrate com-

pliance.
~USP34

At times, compendial standards take on the character of sta-
tistical procedures, with multiple units involved and perhaps a
sequential procedural design to allow the user to determine
that the tested article meets or does not meet the standard.
The similarity to statistical procedures may seem to suggest
an intent to make inference to some larger group of units,
but in all cases, statements about whether the compendial stan-
dard is met apply only to the units tested. Repeats, replicates,
statistical rejection of outliers, or extrapolations of results to lar-
ger populations, as well as the necessity and appropriate fre-
quency of batch testing, are neither specified nor proscribed
by the compendia. First-party (manufacturer), second-party
(buyer), or third-party (regulator) compliance testing may or
may not require examination of additional specimens, in accor-
dance with predetermined guidelines or sampling strategies.

~

Frequency of testing and sampling are left to the prefer-

ences or direction of those performing compliance test-

ing, and other users of USP-NF, including manufacturers,

buyers, or regulatory authorities.
~USP34

Official products other than dietary supplements are pre-
pared

~

according to recognized principles of good manufac-

turing practice and
~USP34

from ingredients that meet USP or NF standards, where stan-
dards for such ingredients exist.

Official substances are prepared according to recognized
principles of good manufacturing practice and from ingredi-
ents complying with specifications designed to ensure that
the resultant substances meet the requirements of the compen-
dial monographs.

3.10.10. Applicability of Standards to Drug Products, Drug
Substances, and Excipients

The applicable USP or NF standard applies to any article mar-
keted in the United States that (1) is recognized in the compen-
dium and (2) is intended or labeled for use as a drug or as an
ingredient in a drug. The applicable standard applies to such
articles whether or not the added designation ‘‘USP’’ or ‘‘NF’’
is used. The standards apply equally to articles bearing the offi-

cial titles or names derived by transposition of the definitive
words of official titles or transposition in the order of the names
of two or more active ingredients in official titles,

~

or where there is use of synonyms with the intent or ef-

fect of suggesting a significant degree of identity with

the official title or name.
~USP34

3.10.20. Applicability of Standards to Medical Devices, Diet-
ary Supplements, and Their Components and Ingredients

An article recognized in USP or NF shall comply with the com-
pendial standards if the article is a medical device, component
intended for a medical device, dietary supplement, dietary in-
gredient, or other ingredient that is intended for incorporation
into a dietary supplement, and is labeled as conforming to the
USP or NF.

Generally, dietary supplements are prepared from ingredi-
ents that meet USP, NF, or Food Chemicals Codex standards.
Where such standards do not exist, substances may be used
in dietary supplements if they have been shown to be of accep-
table food grade quality using other suitable procedures.

3.20. Indicating Conformance
A drug product, drug substance, or excipient may use the

designation ‘‘USP’’ or ‘‘NF’’ in conjunction with its official title
or elsewhere on the label only when (1) a monograph is pro-
vided in the specified compendium and (2) the article complies
with the identity prescribed in the specified compendium.

When a drug product, drug substance, or excipient differs
from the relevant USP or NF standard of strength, quality, or
purity, as determined by the application of the tests, proce-
dures, and acceptance criteria set forth in the relevant compen-
dium, its difference shall be plainly stated on its label.

When a drug product, drug substance, or excipient fails to
comply with the identity prescribed in USP or NF or contains
an added substance that interferes with the prescribed tests
and procedures, the article shall be designated by a name that
is clearly distinguishing and differentiating from any name re-
cognized in USP or NF.

A medical device, dietary supplement, or ingredient or com-
ponent of a medical device or dietary supplement may use the
designation ‘‘USP’’ or ‘‘NF’’ in conjunction with its official title
or elsewhere on the label only when (1) a monograph is pro-
vided in the specified compendium and (2) the article complies
with the monograph standards and other applicable standards
in the compendium.

The designation ‘‘USP’’ or ‘‘NF’’ on the label may not and
does not constitute an endorsement by USP and does not re-
present assurance by USP that the article is known to comply
with the relevant standards. USP may seek legal redress if an ar-
ticle purports to be or is represented as an official article in one
of USP’s compendia and such claim is determined by USP not to
be made in good faith.

The designation ‘‘USP–NF’’ may be used on the label of an
article provided that the label also bears a statement such as
‘‘Meets NF standards as published by USP,’’ indicating the par-
ticular compendium to which the article purports to apply.

When the letters ‘‘USP,’’ ‘‘NF,’’ or ‘‘USP–NF’’ are used on the
label of an article to indicate compliance with compendial stan-
dards, the letters shall appear in conjunction with the official
title of the article. The letters are not to be enclosed in any sym-
bol such as a circle, square, etc., and shall appear in capital let-
ters.

If a dietary supplement does not comply with all applicable
compendial requirements but contains one or more dietary in-
gredients or other ingredients that are recognized in USP or NF,
the individual ingredient(s) may be designated as complying
with USP or NF standards or being of USP or NF quality provided
that the designation is limited to the individual ingredient(s)
and does not suggest that the dietary supplement complies
with USP standards.
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Change to read:

4. MONOGRAPHS AND GENERAL CHAPTERS

4.10. Monographs
Monographs set forth the article’s name, definition, specifica-

tion, and other requirements related to packaging, storage,
and labeling. The specification consists of tests, procedures,
and acceptance criteria that help ensure the identity, strength,
quality, and purity of the article. For general requirements relat-
ing to specific monograph sections, see section 5, Monograph
Components.

Because monographs may not provide standards for all rele-
vant characteristics, some official substances may conform to
the USP or NF standard but differ with regard to nonstandar-
dized properties that are relevant to their use in specific pre-
parations. To assure interchangeability in such instances, users
may wish to ascertain functional equivalence or determine such
characteristics before use.

4.10.10. Applicability of Test Procedures
A single monograph may include several different tests, pro-

cedures, and/or acceptance criteria that reflect attributes of dif-
ferent manufacturers’ articles. Such alternatives may be
presented for different polymorphic forms, impurities, hy-
drates, and dissolution cases. Monographs indicate the tests,
procedures, and/or acceptance criteria to be used and the re-
quired labeling.

~

A test in a monograph may contain and require multiple

procedures. However, multiple procedures may be in-

cluded in particular monographs specifically for the pur-

pose of assuring the availability of an appropriate

procedure for a particular product. In such cases, a label-

ing statement to indicate the appropriate application of

the procedure(s) will be included in the monograph. A

labeling statement is not required if Test 1 is used.
~USP34

4.10.20. Acceptance Criteria
The acceptance criteria allow for analytical error, for unavoid-

able variations in manufacturing and compounding, and for
deterioration to an extent considered acceptable under practi-
cal conditions. The existence of compendial acceptance criteria
does not constitute a basis for a claim that an official substance
that more nearly approaches 100 percent purity ‘‘exceeds’’
compendial quality. Similarly, the fact that an article has been
prepared to tighter criteria than those specified in the mono-
graph does not constitute a basis for a claim that the article ‘‘ex-
ceeds’’ the compendial requirements.

An official product shall be formulated with the intent to pro-
vide 100 percent of the quantity of each ingredient declared on
the label. Where the minimum amount of a substance present
in a dietary supplement is required by law to be higher than the
lower acceptance criterion allowed for in the monograph, the
upper acceptance criterion contained in the monograph may
be increased by a corresponding amount.

The acceptance criteria specified in individual monographs
and in the general chapters for compounded preparations are
based on such attributes of quality as might be expected to
characterize an article compounded from suitable bulk drug
substances and ingredients, using the procedures provided or
recognized principles of good compounding practice, as de-
scribed in these compendia.

4.20. General Chapters
Each general chapter is assigned a number that appears in

angle brackets adjacent to the chapter name (e.g., Chromato-
graphy h621i). General chapters may contain the following:
� Descriptions of tests and procedures for application

through individual monographs,
� Descriptions and specifications of conditions and practices

for pharmaceutical compounding,
� General information for the interpretation of the compen-

dial requirements,
� Descriptions of general pharmaceutical storage, dispen-

sing, and packaging practices, or
� General guidance to manufacturers of official substances

or official products.
When a general chapter is referenced in a monograph, ac-

ceptance criteria may be presented after a colon.
Some chapters may serve as introductory overviews of a test

or of analytical techniques. They may reference other general
chapters that contain techniques, details of the procedures,
and, at times, acceptance criteria.

Change to read:

5. MONOGRAPH COMPONENTS

5.10. Molecular Formula
The use of the molecular formula for the active ingredient(s)

named in defining the required strength of a compendial article
is intended to designate the chemical entity or entities, as given
in the complete chemical name of the article, having absolute
(100 percent) purity.

5.20. Added Substances

~

Added
~USP34

substances are regarded as

~presumed to be
~USP34

unsuitable for inclusion in an official article and therefore pro-
hibited, unless

~

if
~USP34

: (1) they do not

~

~USP34
exceed the minimum quantity required for providing their in-

tended effect; (2) their presence does not impair

~

impairs
~USP34

the bioavailability, therapeutic efficacy, or safety of the official
article; and

~

or
~USP34

(3) they do not

~

~USP34
interfere with the assays and tests prescribed for determining

compliance with the compendial standards.
The air in a container of an official article may, where appro-

priate, be evacuated or be replaced by carbon dioxide, helium,
argon, or nitrogen, or by a mixture of these gases. The use of
such gas need not be declared in the labeling.

5.20.10. Added Substances, Excipients, and Ingredients in
Official Substances

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

Suitable substances and excipients such as antimicrobial
agents, pharmaceutical bases, carriers, coatings, flavors, preser-
vatives, stabilizers, and vehicles may be added to an official pro-
duct to enhance its stability, usefulness, or elegance, or to
facilitate its preparation, unless otherwise specified in the indi-
vidual monograph.

Added substances and excipients employed solely to impart
color may be incorporated into official products other than
those intended for parenteral or ophthalmic use, in accordance
with the regulations pertaining to the use of colors issued by the
U.S. Food and Drug Administration (FDA), provided such
added substances or excipients are otherwise appropriate in
all respects. (See also Added Substances under Injections h1i.)

The proportions of the substances constituting the base in
ointment and suppository products and preparations may be
varied to maintain a suitable consistency under different cli-
matic conditions, provided that the concentrations of active in-
gredients are not varied and provided that the bioavailability,
therapeutic efficacy, and safety of the preparation are not im-
paired.

5.20.20.1. In Compounded Preparations
Compounded preparations for which a complete composi-

tion is given shall contain only the ingredients named in the for-
mulas unless specifically exempted herein or in the individual
monograph. Deviation from the specified processes or meth-
ods of compounding, although not from the ingredients or
proportions thereof, may occur provided that the finished pre-
paration conforms to the relevant standards and to prepara-
tions produced by following the specified process.

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

Specially denatured alcohol formulas are available for use in
accordance with federal statutes and regulations of the Internal
Revenue Service. A suitable formula of specially denatured alco-
hol may be substituted for Alcohol in the manufacture of official
preparations intended for internal or topical use, provided that
the denaturant is volatile and does not remain in the finished
product. A preparation that is intended for topical application
to the skin may contain specially denatured alcohol, provided
that the denaturant is either a usual ingredient in the prepara-
tion or a permissible added substance; in either case the dena-
turant shall be identified on the label of the topical preparation.
Where a process is given in the individual monograph, any pre-
paration compounded using denatured alcohol shall be identi-
cal to that prepared by the monograph process.

5.20.20.2. In Dietary Supplements
Additional ingredients may be added to dietary supplement

products provided that the additional ingredients: (1) comply
with applicable regulatory requirements; and (2) do not inter-
fere with the assays and tests prescribed for determining com-
pliance with compendial standards.

5.30. Description and Solubility
Only where a quantitative solubility test is given in a mono-

graph and is designated as such is it a test for purity.
A monograph may include information regarding the arti-

cle’s description. Information about an article’s ‘‘description
and solubility’’ also is provided in the reference table Description
and Relative Solubility of USP and NF Articles. The reference table
merely denotes the properties of articles that comply with
monograph standards. The reference table is intended primar-
ily for those who use, prepare, and dispense drugs and/or re-
lated articles. Although the information provided in
monographs and the information in the reference table may in-
directly assist in the preliminary evaluation of an article, it is not
intended to serve as a standard or test for purity.

The approximate solubility of a compendial substance is in-
dicated by one of the following descriptive terms:

Descriptive Term
Parts of Solvent Required

for 1 Part of Solute

Very soluble Less than 1

Freely soluble From 1 to 10

Soluble From 10 to 30

Sparingly soluble From 30 to 100

Slightly soluble From 100 to 1,000

Very slightly soluble From 1,000 to 10,000

Practically insoluble, or
Insoluble

Greater than or equal to
10,000

5.40. Identification Test

~Identity
~USP34

The compendial test titled Identification is provided as an aid
in verifying the identity of articles as they are purported to be,
e.g., those taken from labeled containers. Tests presented in the
Identification section shall be used to assist in establishing the
identity of the substance but are not necessarily sufficient to es-
tablish proof of identity. Other tests and specifications in the
monograph often are necessary to establish or confirm the
identity of an article. Failure of an article to meet the require-
ments of a prescribed Identification test may indicate that the
article is mislabeled.

~A compendial test titled Identity or Identification is pro-

vided to establish the identity of an article as it is pur-

ported to be, i.e., to establish whether it is the article

named in USP–NF. The Identity or Identification test for a

particular article may consist of one or more procedures.

When a compendial test for Identity or Identification is un-

dertaken, all requirements of all specified procedures in

the test must be met to satisfy the requirements of the

test. Failure of an article to meet all the requirements of

a prescribed Identity or Identification test (i.e. failure to

meet the requirements of all of the specified procedures

that are components of that test) indicates that the arti-

cle is mislabeled and/or adulterated.
~USP34

5.50. Assay
Assay tests for compounded preparations are not intended

for evaluating a compounded preparation before dispensing,
but instead are intended to serve as the official test in the event
of a question or dispute regarding the preparation’s confor-
mance to official standards.

5.50.10. Units of Potency (Biological)
For substances that cannot be completely characterized by

chemical and physical means, it may be necessary to express
quantities of activity in biological units of potency, each defined
by an authoritative, designated reference standard.

Units of biological potency defined by the World Health Or-
ganization (WHO) for International Biological Standards and In-
ternational Biological Reference Preparations are termed
International Units (IU). Monographs refer to the units defined
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by USP Reference Standards as ‘‘USP Units.’’ For biological pro-
ducts, units of potency are defined by the corresponding U.S.
Standard established by FDA, whether or not International
Units or USP Units have been defined (see Biologics h1041i).

5.60. Impurities and Foreign Substances
Tests for the presence of impurities and foreign substances

are provided to limit such substances to amounts that are un-
objectionable under conditions in which the article is customa-
rily employed (see also Impurities in Official Articles h1086i).

Nonmonograph tests and acceptance criteria suitable for de-
tecting and controlling impurities that may result from a
change in the processing methods or that may be introduced
from external sources should be employed in addition to the
tests provided in the individual monograph, where the pre-
sence of the impurity is inconsistent with applicable good man-
ufacturing practices or good pharmaceutical practice.

5.60.10. Other Impurities in USP and NF Articles
If a USP or NF monograph includes an assay or organic impur-

ity test based on chromatography, other than a test for residual
solvents, and that monograph procedure does not detect an
impurity present in the substance, the amount and identity of
the impurity, where both are known, shall be stated in the label-
ing (certificate of analysis) of the official substance, under the
heading Other Impurity(ies).

The presence of any unlabeled other impurity in an official
substance is a variance from the standard if the content is
0.1% or greater. The sum of all Other Impurities combined with
the monograph-detected impurities may not exceed 2.0% (see
Ordinary Impurities h466i), unless otherwise stated in the mono-
graph.

The following categories of drug substances are excluded
from Other Impurities requirements:
� fermentation products and semi-synthetics derived there-

from,
� radiopharmaceuticals,
� biologics,
� biotechnology-derived products,
� peptides,
� herbals, and
� crude products of animal or plant origin.

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

5.60.20. Residual Solvents in USP and NF Articles
All USP and NF articles are subject to relevant control of resi-

dual solvents, even when no test is specified in the individual
monograph. If solvents are used during production, they must
be of suitable quality. In addition, the toxicity and residual level
of each solvent shall be taken into consideration, and the sol-
vents limited according to the principles defined and the re-
quirements specified in Residual Solvents h467i, using the
general methods presented therein or other suitable methods.

~5.60.30. Elemental Impurities in USP and NF Articles

All USP and NF articles are subject to control of inorgan-

ic impurities, even when no test is specified in the indivi-

dual monograph. Elemental impurities are a special class

of inorganic impurities. These elemental impurities shall

be limited in drug products according to the principles

defined and the requirements specified in Elemental Im-

purities—Limits h232i using the procedures specified in

Elemental Impurities—Procedures h233i. Appropriate lim-

its and procedures for the control of elemental impurities

and organometallic impurities in dietary supplements are

indicated in Elemental Contaminants in Dietary Supple-

ments h2232i. [NOTE—Official September 1, 2013]
~USP34

5.70. Performance Tests
Where content uniformity determinations have been made

using the same analytical methodology specified in the Assay,
with appropriate allowances made for differences in sample
preparation, the average of all of the individual content unifor-
mity determinations may be used as the Assay value.

5.80. USP Reference Standards
USP Reference Standards are authentic specimens that have

been approved by the USP Reference Standards Expert Com-
mittee

~

~USP34
as suitable for use as comparison standards in USP or NF tests

and assays. (See USP Reference Standards h11i.) Current official
lots of USP Reference Standards are published in the USP Refer-
ence Standards Catalog.

~

~USP34
Where a procedure calls for the use of a compendial article

rather than for a USP Reference Standard as a material standard
of reference, a substance meeting all of the compendial mono-
graph requirements for that article shall be used. No new USP or
NF standard or procedure requiring the use of a new USP Ref-
erence Standard shall be official until the specified USP Refer-
ence Standard is available.

~

If any new USP or NF standard requires the use of a new

USP Reference Standard that is not yet available, that

portion of the standard containing the requirement shall

not be official until the specified USP reference material is

available.
~USP34

Unless a reference standard label bears a specific potency or
content, assume the reference standard is 100.0% pure in the
official application. Unless otherwise directed in the procedure
in the individual monograph or in a general chapter, USP Ref-
erence Standards are to be used in accordance with the instruc-
tions on the label of the Reference Standard.

Change to read:

7. TEST RESULTS

7.10. Interpretation of Requirements
Analytical results observed in the laboratory (or calculated

from experimental measurements) are compared with stated
acceptance criteria to determine whether the article conforms
to compendial requirements.

The reportable value, which often is a summary value for sev-
eral individual determinations, is compared with the accep-
tance criteria. The reportable value is the end result of a
completed measurement procedure, as documented.

Where acceptance criteria are expressed numerically herein
through specification of an upper and/or lower limit, permitted
values include the specified values themselves, but no values
outside the limit(s). Acceptance criteria are considered signifi-
cant to the last digit shown.

In
-P

ro
ce

ss
R

ev
is

io
n

Pharmacopeial Forum
60 IN-PROCESS REVISION Vol. 36(1) [Jan.–Feb. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.



~7.10.5. Nominal Concentrations in Equations

Where a ‘‘nominal concentration’’ is specified, calcu-

late the concentration based on the label claim. In assay

procedures, water correction is typically stated in the De-

finition and on the label of the USP Reference Standard.

For other procedures, correction for assayed content, po-

tency, or both is made prior to using the concentration in

the equation provided in the monograph.
~USP34

7.10.10. Equivalence Statements in Titrimetric Procedures
The directions for titrimetric procedures conclude with a

statement of the weight of the analyte that is equivalent to each
mL of the standardized titrant. In such an equivalence state-
ment, the number of significant figures in the concentration

of the titrant should be understood to correspond to the num-
ber of significant figures in the weight of the analyte. Correc-
tions to calculations based on the blank determination are to
be made for all titrimetric assays where appropriate (see Titrime-
try h541i).

7.20. Rounding Rules
The observed or calculated values shall be rounded off to the

number of decimal places that is in agreement with the limit
expression. Numbers should not be rounded until the final cal-
culations for the reportable value have been completed. Inter-
mediate calculations (e.g., slope for linearity) may be rounded
for reporting purposes, but the original (not rounded) value
should be used for any additional required calculations. Accep-
tance criteria are fixed numbers and are not rounded.

When rounding is required, consider only one digit in the
decimal place to the right of the last place in the limit expres-
sion. If this digit is smaller than 5, it is eliminated and the pre-
ceding digit is unchanged. If this digit is equal to or greater than
5, it is eliminated and the preceding digit is increased by 1.

Illustration of Rounding Numerical Values
for Comparison with Requirements

Compendial Requirement Unrounded Value Rounded Result Conforms

Assay limit �98.0% 97.96% 98.0% Yes

97.92% 97.9% No

97.95% 98.0% Yes

Assay limit �101.5% 101.55% 101.6% No

101.46% 101.5% Yes

101.45% 101.5% Yes

Limit test �0.02% 0.025% 0.03% No

0.015% 0.02% Yes

0.027% 0.03% No

Limit test �3 ppm 3.5 ppm 4 ppm No

3.4 ppm 3 ppm Yes

2.5 ppm 3 ppm Yes
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Flow rate:  1 mL/minUSP MONOGRAPHS Injection size:  10 µL
System suitability
Sample:  Standard solution
Suitability requirements

Column efficiency:  NLT 7500 theoretical plates, Standard
solution

BRIEFING Tailing factor:  NMT 2, Standard solution
Relative standard deviation:  NMT 2.0%, Standard
solution

 Amifostine,   USP 32 page 1507 and page 4216 of the Second ▲Buffer:  0.94 g/L of sodium 1-hexanesulfonate. Adjust with
Supplement. On the basis of comments received and validated phosphoric acid to a pH of 3.0.
test methods, it is proposed to revise the Assay and the test for Mobile phase:  Methanol and Buffer (7:18)
Organic Impurities to provide more robust chromtographic Standard solution:  3 mg/mL of USP Amifostine RS in water.
procedures with improved resolution. The proposed liquid [NOTE—Inject immediately after preparation.]
chromatographic procedures for the Assay and test for Organic Sample solution:  3 mg/mL of Amifostine in water.
Impurities are performed with a Phenomenex Luna 5-µm column [NOTE—Inject immediately after preparation.]
containing packing L7. Typical retention times under the Chromatographic system
specified conditions are about 4 min for amifostine and about (See Chromatography 〈621〉, System Suitability.)
20 min for amifostine thiol. Mode:  LC

Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1.0 mL/min(MD-CV: S. Ramakrishna.) RTS—C83868
Autosampler temperature:  4°
Injection size:  10 µL

System suitability
Sample:  Standard solutionAmifostine
Suitability requirements

Tailing factor:  NMT 2.0
Column efficiency:  NLT 100 theoretical plates
Relative standard deviation:  NMT 2.0%▲USP34

Analysis
Samples:  Standard solution and Sample solutionC5H15N2O3PS · 3H2O 268.27
Calculate the percentage of C5H15N2O3PS in the portion ofEthanethiol, 2-[(3-aminopropyl)amino]-, dihydrogen phosphate
Amifostine taken:(ester), trihydrate;

S-[2-(3-Aminopropyl)amino]ethyl]dihydrogen phosphorothioate, Result = (rU/rS) × (CS/CU) × 100trihydrate [112901-68-5].

rU = peak response from the Sample solutionDEFINITION
rS = peak response from the Standard solutionAmifostine contains NLT 78.0% and NMT 82.0% of C5H15N2O3PS,
CS = concentration of USP Amifostine RS in the Stan-calculated on the as-is basis.

dard solution (mg/mL)
CU = concentration of Amifostine in the Sample solu-IDENTIFICATION

tion (mg/mL)• A. INFRARED ABSORPTION 〈197K〉
Acceptance criteria:  78.0%–82.0% on the as-is basis• B.  The retention time of the major peak of the Sample solu-

tion corresponds to that of the Standard solution, as obtained
IMPURITIESin the Assay.
Inorganic Impurities
• HEAVY METALS, Method II 〈231〉:  NMT 20 ppmASSAY

Change to read:Change to read:

Organic Impurities• PROCEDURE
ProcedureMobile phase:  1.0 mL of nonafluorobutane sulfonic acid in
Mobile phase:  1.0 mL of nonafluorobutane sulfonic acid in1200 mL of HPLC-grade water. Prepare a mixture of this solu-
1200 mL of HPLC-grade water. Add 400 µL of trifluoroacetiction and acetonitrile (90:10).
acid, and adjust with triethylamine to a pH of 2.5. Prepare aStandard solution:  3 mg/mL of USP Amifostine RS in water.
mixture of this solution and acetonitrile (17:8).[NOTE—Inject immediately after preparation, or refrigerate un-

Blank:  Watertil use. The solution is stable for 48 h if maintained at about
Standard thiol solution:  0.124 mg/mL of USP Amifostine5°.]
Thiol RS in water.Sample solution:  3 mg/mL of Amifostine in water. [NOTE—

[NOTE—Inject immediately after preparation, or refrigerate un-Inject immediately after preparation, or refrigerate until use.
til use. The solution is stable for 48 h if maintained at aboutThe solution is stable for 48 h if maintained at about 5°.]
5°.]Chromatographic system

System suitability solution:  5 mg of USP Amifostine RS in 1(See Chromatography 〈621〉, System Suitability.)
mL of Standard thiol solution. [NOTE—Inject immediately afterMode:  LC
preparation, or refrigerate until use. The solution is stable forDetector:  UV 220 nm
12 h if maintained at about 5°.]Column:  4.6-mm × 25-cm; 5-µm packing L1

Sample solution:  50 mg/mL of Amifostine in water. [NOTE—Temperature:  30°. [NOTE—The temperature of the solutions
Inject immediately after preparation, or refrigerate until use.to be injected is maintained at 2°–8°.]
The solution is stable for 48 h if maintained at about 5°.]

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

2010 The United States Pharmacopeial Convention All Rights Reserved.
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Mode:  LC rU = peak response of amifostine thiol from the Sam-
Detector:  UV 220 nm ple solution
Column:  4.6-mm × 25-cm; packing L1 rS = peak response of amifostine thiol from the Stan-
Temperature:  30°. dard solution
[NOTE—The temperature of the solutions to be injected is CS = concentration of USP Amifostine Thiol RS in the
maintained at 2°–8°.] Standard solution (mg/mL)

Flow rate:  1 mL/min CU = nominal concentration of Amifostine in the Sam-
Injection size:  10 µL ple solution (mg/mL)

System suitability Mr1 = molecular weight of amifostine thiol, 134.24
Samples:   Standard thiol solution and System suitability Mr2 = molecular weight of amifostine thiol dihydro-
solution chloride, 207.17

Suitability requirements Calculate the percentage of any other individual impurity in
Resolution:  NLT 2.0 between amifostine and amifostine the portion of Amifostine taken:
thiol, System suitability solution

Result = (rU/rS) × (CS/CU)×100Tailing factor:  NMT 4.0, Standard thiol solution
Capacity factor:  More than 0.5, Standard thiol solution

rU = peak response of each individual impurity in theColumn efficiency:  NLT 2300 theoretical plates calcu-
Sample solutionlated for the amifostine thiol peak, Standard thiol solution

rS = peak response of amifostine in the Standard so-Relative standard deviation:  NMT 4.0%, Standard thiol
lutionsolution

CS = concentration of USP Amifostine RS in the Stan-Analysis
dard solution (µg/mL)Samples:   Blank, Standard thiol solution, and Sample

CU = concentration of the Sample solution (µg/mL)solution
▲USP34[NOTE—Measure the responses of all the peaks, excluding the

Acceptance criteriapeaks corresponding to those from the Blank.]
▲Amifostine thiol:  NMT 0.3%▲USP34Calculate the percentage of amifostine thiol in the portion
Any other individual unspecified impurity:  NMT 0.1%of Amifostine taken:
Total impurities including amifostine thiol:  NMT 0.3%

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
SPECIFIC TESTS

rU = peak response of amifostine thiol from the Sam-
ple solution Delete the following:

rS = peak response of amifostine thiol from the Stan-
dard thiol solution

CS = concentration of amifostine thiol dihydrochlo- ■• X-RAY DIFFRACTION 〈941〉:  Its X-ray diffraction pattern con-
ride in the Standard thiol solution (mg/mL) forms to that of USP Amifostine RS, similarly

CU = concentration of Amifostine in the Sample solu- determined.■2S (USP32)
tion (mg/mL) • PH 〈791〉:  6.5–7.5, in a solution (5 in 100)

Mr1 = molecular weight of amifostine thiol, 134.24 • WATER DETERMINATION, Method Ic 〈921〉
Mr2 = molecular weight of amifostine thiol dihydro- Sample solution:  To 100.0 mg of Amifostine, contained in a

chloride, 207.17 stoppered centrifuge tube, add 10.0 mL of the solution of N-
Calculate the percentage of each of the other impurities in ethylmaleimide in methanol (4 in 100), and sonicate for 15
the portion of Amifostine taken: min. Shake to disperse, and sonicate for an additional 15 min.

Use 1.0 mL of the supernatant.
Result = (ri/rU) × 100 Acceptance criteria:  19.2%–21.2%

ri = peak response of each impurity from the Sample ADDITIONAL REQUIREMENTS
solution • PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-

rU = peak response of amifostine from the Sample so- tainers, and store in a refrigerator.
lution • USP REFERENCE STANDARDS 〈11〉

▲Mobile phase:  Proceed as directed in the Assay. USP Amifostine RS
System suitability solution:  Use the Standard solution as de- USP Amifostine Thiol RS
scribed in the Assay. [NOTE—Inject immediately after
preparation.]

Standard solution:  70 µg/mL of USP Amifostine Thiol RS
and 16 µg/mL of USP Amifostine RS in water. [NOTE—Inject BRIEFING
immediately after preparation.]

Sample solution:  15 mg/mL of Amifostine in water.
[NOTE—Inject immediately after preparation.]  Amifostine for Injection,   USP32 page 1508. On the basis

Chromatographic system:  Proceed as described in the of comments received and validated test methods, it is proposed
Assay. to revise the Assay and the test for Organic Impurities. The pro-

System suitability posed liquid chromatographic procedures in the  Assay and in
Samples:   Standard solution and System suitability solution the test for  Organic Impurities, Procedure 1 are more robust,
Suitability requirements with an improved resolution, and are performed with a Phe-
Column efficiency:  NLT 1000 theoretical plates, System nomenex Luna 5-µm column containing packing L7. Under the
suitability solution specified conditions, the typical retention times are about 4 min

Tailing factor:  NMT 2.0, System suitability solution for amifostine and about 20 min for amifostine thiol. The liquid
Relative standard deviation:  NMT 4.0%, Standard chromatographic procedure in the test for  Organic Impurities,
solution Procedure 2, is performed with a Phenomenex Luna 5-µm col-

Analysis umn containing packing L1. The typical retention time for
Samples:  Standard solution and Sample solution amifostine disulfide is about 8 min.
Calculate the percentage of amifostine thiol in the portion
of Amifostine taken:

(MD-CV: S. Ramakrishna.) RTS—C83869Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
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CS = concentration of USP Amifostine RS in the Stan-Amifostine for Injection
dard solution (mg/mL)

CU = nominal concentration of the Sample solutionDEFINITION
(mg/mL)Amifostine for Injection is a sterile, crystalline substance suitable

Acceptance criteria:  90.0%–110.0%for parenteral use. It contains NLT 90.0% and NMT 110.0% of
the labeled amount of amifostine (C5H15N2O3PS). PERFORMANCE TESTS

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirementsASSAY

IMPURITIES
Change to read:

Change to read:
• PROCEDURE

Mobile phase:  1.0 mL of nonafluorobutane sulfonic acid in Organic Impurities
1200 mL of HPLC grade water. Prepare a degassed mixture of • PROCEDURE
this solution and acetonitrile (90:10). Mobile phase:  1.0 mL of nonafluorobutane sulfonic acid in

Standard solution:  3 mg/mL of USP Amifostine RS [NOTE— 1200 mL of HPLC grade water, add 400 µL of trifluoroacetic
Inject immediately after preparation, or refrigerate until use. acid, and adjust with triethylamine to a pH of 2.5. Prepare a
The solution is stable for 48 h if maintained at about 5°.] degassed mixture of this solution and acetonitrile (68:32).

Sample stock solution:  Equivalent to 10 mg/mL of amifos- Blank:  Water
tine, from Amifostine for Injection Standard disulfide solution:  0.186 mg/mL of USP Amifos-

Sample solution:  Transfer 6.0 mL of Sample stock solution to tine Disulfide RS [NOTE—Inject immediately after preparation,
a 25-mL volumetric flask, add 6.5 mL of water, and dilute or refrigerate until use. The solution is stable for 48 h if
with methanol to volume. maintained at about 5°.]

Chromatographic system Standard thiol solution:  0.802 mg/mL of USP Amifostine
(See Chromatography 〈621〉, System Suitability.) Thiol RS [NOTE—Inject immediately after preparation, or re-
Mode:  LC frigerate until use. The solution is stable for 48 h if main-
Detector:  UV 220 nm tained at about 5°.]
Column:  4.6-mm × 25-cm; 5-µm packing L1 System suitability solution:  5 mg/mL of USP Amifostine RS
Temperature:  30° in Standard thiol solution [NOTE—Inject immediately after
[NOTE—The temperature of the solutions to be injected is preparation, or refrigerate until use. The solution is stable for
maintained at 2°–8°.] 12 h if maintained at about 5°.]

Flow rate:  1 mL/min Sample solution:  50 mg/mL of amifostine, from Amifostine
Injection size:  10 µL for Injection [NOTE—Inject immediately after preparation, or

System suitability refrigerate until use. The solution is stable for 48 h if main-
Samples:  Standard solution and Sample solution tained at about 5°.]
Suitability requirements Chromatographic system

Column efficiency:  NLT 7500 theoretical plates, Standard (See Chromatography 〈621〉, System Suitability.)
solution and Sample solution Mode  LC

Tailing factor:  NMT 2, Standard solution and Sample Detector:  UV, 220 nm and 247 nm
solution Column:  4.6-mm × 25-cm; packing L1

Relative standard deviation:  NMT 2.0%, Standard solu- Temperature:  30°
tion and Sample solution [NOTE—The temperature of the solutions to be injected is

▲Buffer:  0.94 g/L of sodium 1-hexanesulfonate. Adjust with maintained at 2°–8°.]
phosphoric acid to a pH of 3.0. Flow rate:  1 mL/min

Mobile phase:  Methanol and Buffer (7:18) Injection size:  10 µL
Standard solution:  3 mg/mL of USP Amifostine RS in water. System suitability
[NOTE—Inject immediately after preparation, or refrigerate un- Samples:  Standard disulfide solution, Standard thiol solution,
til use.] and System suitability solution

Sample solution:  3 mg/mL of amifostine from Amifostine for Suitability requirements
Injection, in water. [NOTE—Inject immediately after prepara- Capacity factor, k′:  More than 0.5 for amifostine thiol;
tion, or refrigerate until use.] more than 2.2 for amifostine disulfide, Standard disulfide

Chromatographic system solution, Standard thiol solution, and System suitability
(See Chromatography 〈621〉, System Suitability.) solution
Mode:  LC Column efficiency:  NLT 2300 theoretical plates, for
Detector:  UV 220 nm amifostine thiol; not more than 2000, for amifostine
Column:  4.6-mm × 25-cm; 5-µm packing L7 disulfide
Autosampler temperature:  4° Tailing factor:  NMT 4.0 for amifostine thiol; NMT 4.5 for
Flow rate:  1.0 mL/min amifostine disulfide, Standard disulfide solution, Standard
Injection size:  10 µL thiol solution, and System suitability solution

System suitability Relative standard deviation:  NMT 4.0% for amifostine
Sample:  Standard solution thiol; NMT 4.0% for amifostine disulfide, System suitability
Suitability requirements solution, Standard disulfide solution, andStandard thiol

Column efficiency:  NLT 1000 theoretical plates solution
Tailing factor:  NMT 2.0 Analysis
Relative standard deviation:  NMT 2.0%▲USP34 Samples:  Blank, Standard disulfide solution, Standard thiol

Analysis solution and Sample solution
Samples:  Standard solution and Sample solution [NOTE—Measure the responses of all the peaks, excluding
Calculate the percentage of C5H15N2O3PS in the portion of the peaks corresponding to those from the Blank.]
Amifostine for Injection taken: Calculate the percentage of amifostine thiol in the portion

of Amifostine for Injection taken:Result = (rU/rS) × (CS/CU) × 100

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100rU = peak response from the Sample solution
rS = peak response from the Standard solution
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rU = amifostine thiol peak responses at 220 nm, from Calculate the percentage of sodium thiophosphate or N,N-
the Sample solution dimethylformamide in the portion of sample taken, if

rS = amifostine thiol peak responses at 220 nm, from present:
the Standard thiol solution

Result = (rU/rS) × (CS/CU) × 100CS = concentration of amifostine thiol dihydrochlo-
ride in the Standard thiol solution (mg/mL)

rU = peak response of sodium thiophosphate or N,N-CU = concentration of the Sample solution (mg/mL)
dimethylformamide from the Sample solutionMr1 = molecular weight of amifostine thiol, 134.24

rS = peak response of sodium thiophosphate or N,N-Mr2 = molecular weight of amifostine thiol dihydro-
dimethylformamide from Standard solution 2chloride, 207.17

CS = concentration of sodium thiophosphate or N,N-Calculate the percentage of amifostine disulfide in the por-
dimethylformamide in Standard solution 2tion of Amifostine for Injection taken:
(mg/mL)

CU = concentration of amifostine in the Sample solutionResult = (rU/rS) × (CS/CU) × (Mr3/Mr4) × 100
(mg/mL)

rU = peak responses at 247 nm, from the Sample so- Calculate the percentage of any other individual unspecified
lution impurity in the portion of sample taken:

rS = peak responses at 247 nm, from the Standard
Result = (rU/rS) ×100disulfide solution

CS = concentration of USP Amifostine Disulfide RS in
rU = peak response of each individual impurity in thethe Standard disulfide solution (mg/ml)

Sample solutionCU = concentration for the Sample solution (mg/mL)
rS = Total of all peak responses in the Sample solutionMr3 = molecular weight of amifostine disulfide, 266.47

Acceptance criteria:  NMT 0.1% of sodium thiophosphate;Mr4 = molecular weight of amifostine disulfide te-
NMT 0.088% of N,N-dimethylformamide; NMT 0.1% of anytrahydrochloride, 412.31
other individual unspecified impurityAcceptance criteria:  NMT 2.0% of total impurities, includ-

• PROCEDURE 2ing amifostine thiol and amifostine disulfide
Buffer:  0.4 g/L of sodium 1-octanesulfonate. Adjust withCalculate the percentage of each of the other impurities in
trifluoroacetic acid to a pH of 2.5 ± 0.1.the portion of Amifostine for Injection taken:

Mobile phase:  Acetonitrile and Buffer (1:3)
Standard solution:  46 µg/mL of USP Amifostine Disulfide RSResult = (ri/rA) × 100
in water

ri = peak response for each impurity from the Sample Sample solution:  Dilute a quantity of Amifostine for Injec-
solution tion in water to prepare a solution equivalent to 10 mg/mL.

rA = peak response for amifostine from the Sample [NOTE—Inject immediately after preparation.]
solution Chromatographic system

Acceptance criteria:  NMT 0.1% of any individual impurity (See Chromatography 〈621〉, System Suitability.)
except amifostine thiol is found. Mode:  LC

▲• PROCEDURE 1 Detector:  UV 247 nm
Mobile phase:  Proceed as directed in the Assay. Column:  4.6-mm × 25-cm; 5-µm packing L1
Standard solution 1:  70 µg/mL of USP Amifostine Thiol RS Autosampler temperature:  4°
in water Flow rate:  1.0 mL/min

Standard solution 2:  15 µg/mL of sodium thiophosphate Injection size:  10 µL
and 13 µg/mL of N,N-dimethylformamide in water. [NOTE— System suitability
The retention times of sodium thiophosphate and N,N-di- Sample:  Standard solution
methylformamide are about 2 min and about 3.6 min, Suitability requirements
respectively.] Tailing factor:  NMT 2.5

Sample solution:  2.4 mg/mL of amifostine from Amifostine Relative standard deviation:  NMT 4.0%
for Injection in water. [NOTE—Inject immediately after Analysis
preparation.] Samples:  Standard solution and Sample solution

Chromatographic system:  Proceed as directed in the Assay. Calculate the percentage of amifostine disulfide in the por-
System suitability tion of sample taken:

Samples:  Standard solution 1 and Standard solution 2
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100Suitability requirements

Relative standard deviation:  NMT 10.0%, Standard solu-
rU = peak response of amifostine disulfide from thetion 1, and NMT 4.0%, Standard solution 2

Sample solutionAnalysis
rS = peak response of amifostine disulfide from theSamples:  Standard solution and Sample solution

Standard solutionCalculate the percentage of amifostine thiol in the portion
CS = concentration of USP Amifostine Disulfide RS inof sample taken:

the Standard solution  (mg/mL)
CU = concentration of amifostine in the Sample solu-Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

tion (mg/mL)
rU = peak response of amifostine thiol from the Sam- Mr1 = molecular weight of amifostine disulfide, 266.47

ple solution Mr2 = molecular weight of amifostine disulfide te-
rS = peak response of amifostine thiol from Standard trahydrochloride, 412.31

solution 1 Acceptance criteria:  NMT 2.0% of total impurities, includ-
CS = concentration of USP Amifostine Thiol RS in Stan- ing amifostine thiol and amifostine disulfide▲USP34

dard solution 1 (mg/mL)  
CU = concentration of amifostine in the Sample solution

(mg/mL) SPECIFIC TESTS
Mr1 = molecular weight of amifostine thiol, 134.24 • CONSTITUTED SOLUTION:  At the time of use, it meets the re-
Mr2 = molecular weight of amifostine thiol dihydrochlo- quirements for Injections 〈1〉, Constituted Solutions. When con-

ride, 207.17 stituted with 0.9% Sodium Chloride Injection, the solution must
completely dissolve in 45 s.
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• X-RAY DIFFRACTION 〈941〉:  Its X-ray diffraction pattern con- IDENTIFICATION
forms to that of USP Amifostine RS, similarly determined. • INFRARED ABSORPTION 〈197K〉

• STERILITY TESTS 〈71〉:  It meets the requirements when tested
ASSAYas directed for Test for Sterility of the Product to Be Examined,

Membrane Filtration.
• PH 〈791〉:  6.5–7.5, in a solution constituted as directed in the Change to read:

labeling
• WATER DETERMINATION, Method Ic 〈921〉

Sample solution:  To 100.0 mg of Amifostine for Injection, • PROCEDURE
contained in a stoppered centrifuge tube, add 10.0 mL of a Diluent:  6.8 g/L of monobasic potassium phosphate in water.
solution of N-ethylmaleimide in methanol (4 in 100), and son- Adjust with a 45% (w/w) solution of potassium hydroxide to a
icate for 15 min. Shake to disperse, and sonicate for an addi- pH of 5.0 ± 0.1.
tional 15 min. Use 1.0 mL of the supernatant. Mobile phase:  Acetonitrile and Diluent (1:24). Decrease the

Acceptance criteria:  18.0%–22.0% acetonitrile concentration to increase the retention time of
•  PARTICULATE MATTER IN INJECTIONS 〈788〉:  Meets the require- amoxicillin.▲

▲USP34
ments for small-volume injections Standard solution:  1.2 mg/mL of USP Amoxicillin RS in Dilu-

• BACTERIAL ENDOTOXINS TEST 〈85〉:  Contains NMT 0.2 USP En- ent.  [NOTE—Use this solution within 6 h.]
dotoxin Unit/mg of amifostine Sample solution:  1.2 mg/mL of Amoxicillin in Diluent.

• OTHER REQUIREMENTS:  Meets the requirements for Labeling [NOTE—Use this solution within 6 h.]
under Injections 〈1〉. It also meets the requirements for Identifi- Chromatographic system
cation under Amifostine. (See Chromatography 〈621〉, System Suitability.)

Mode:  LC
ADDITIONAL REQUIREMENTS Detector:  UV 230 nm
• PACKAGING AND STORAGE:  Preserve in tight Containers for Ster- Column:  4-mm × 25-cm; packing L1

ile Solids as described under Injections 〈1〉, and store at con- Flow rate:  1.5 mL/min
trolled room temperature. Injection size:  10 µL

• USP REFERENCE STANDARDS 〈11〉 System suitability
USP Amifostine RS Sample:  Standard solution
USP Amifostine Disulfide RS Suitability requirements
USP Amifostine Thiol RS Capacity factor:  1.1–2.8
USP Endotoxin RS Column efficiency:  NLT 1700 theoretical plates

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

AnalysisBRIEFING Samples:  Standard solution and Sample solution
Calculate the quantity, in µg/mg, of C16H19N3O5S in the por-
tion taken:

Amoxicillin,  USP 32 page 1540. It is proposed to add a test
for Organic Impurities based on a validated liquid chromato- Result = (rU/rS) × (CS/CU) × P
graphic method. A Hypersil ODS brand of L1 column was used
during method validation. The typical retention time for amox- rU = peak response from the Sample solution
icillin is 2.5 min. In addition, the Assay and the test for Sterility rS = peak response from the Standard solution
are updated per current USP style. CS = concentration of USP Amoxicillin RS in the Stan-

dard solution (mg/mL)
CU = concentration of Sample solution (mg/mL)
P = stated amoxicillin content of USP Amoxicillin RS(MD-ANT: A. Wise.) RTS—C78988 (µg/mg)

Acceptance criteria:  900–1050 µg/mg of C16H19N3O5S on the
anhydrous basis

Amoxicillin IMPURITIES

Add the following:

▲Organic Impurities
• PROCEDURE

Solution A:  2.72 g/L of monobasic potassium phosphate.
Adjust with 1 N potassium hydroxide or 20% phosphoricC16H19N3O5S · 3H2O 419.45
acid to a pH of 5.0 ± 0.1.4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 6-[[amino(4-

Solution B:  Methanolhydroxyphenyl)acetyl]amino-3,3-dimethyl-7-oxo-, trihydrate
Mobile phase:  See the gradient table below.[2S-[2α,5α,6β(S*)]]-;

(2S,5R,6R)-6-[(R)-(-)-2-Amino-2-(p-hydroxyphenyl)acetamido]-3,3-
dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic Time Solution A Solution B
acid trihydrate [61336-70-7]. (min) (%) (%)

Anhydrous 365.41
0 97 3 [26787-78-0].
10 97 3

DEFINITION 22 75 25
Amoxicillin contains NLT 900 µg/mg and NMT 1050 µg/mg of 26 97 3

C16H19N3O5S, calculated on the anhydrous basis.
Standard solution:  12.5 µg/mL of USP Amoxicillin RS in So-
lution A
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System suitability solution:  12.5 µg/mL each of USP Amox- Test for Sterility of the Product to Be Examined, Direct Inoculation
icillin Related Compound A RS and USP Amoxicillin Related of the Culture Medium, except to use Fluid Thioglycollate Me-
Compound D RS in Solution A dium containing polysorbate 80 solution (1 in 200▲5

Sample solution:  1.25 mg/mL of Amoxicillin in Solution A mg/mL▲USP34) and an amount of sterile penicillinase sufficient
Chromatographic system to inactivate the amoxicillin in each tube, and to use Soy-
(See Chromatography 〈621〉, System Suitability.) bean–Casein Digest Medium containing polysorbate 80 solu-
Mode:  LC tion (1 in 200▲5 mg/mL▲USP34) and an amount of sterile
Detector:  UV 210 nm penicillinase sufficient to inactivate the amoxicillin in each
Column:  4.6-mm × 10-cm; 5-µm packing L1 tube, and to shake the tubes once daily.
Temperature:  40° • BACTERIAL ENDOTOXINS TEST 〈85〉:   Where the label states that
Flow rate:  1.5 mL/min Amoxicillin is sterile or Amoxicillin must be subjected to fur-
Injection size:  10 µL ther processing during the preparation of injectable dosage
Autosampler temperature:  4° forms, it contains NMT 0.25 Endotoxin Unit/mg of amoxicillin.

System suitability
ADDITIONAL REQUIREMENTSSample:  System suitability solution and Standard solution
• PACKAGING AND STORAGE:   Preserve in tight containers, andSuitability requirements

store at controlled room temperature.[NOTE—Identify peaks by the relative retention times in Im-
• LABELING:   Where it is intended for use in preparing injectablepurity Table 1.]

dosage forms, the label states that it is intended for veterinaryRelative standard deviation:  NMT 10%, Standard
use only and that it is sterile or must be subjected to furthersolution
processing during the preparation of injectable dosage forms.Resolution:  NLT 1.5 between amoxicillin related com-
Label all other Amoxicillin to indicate that it is to be used inpound A and the second peak for amoxicillin related
the manufacture of nonparenteral drugs only.compound D, System suitability solution

Analysis
Samples:  Standard solution and Sample solution Change to read:

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

• USP REFERENCE STANDARDS 〈11〉
Result = (rU/rS) × (CS/CU) × F × 100 USP Amoxicillin RS

▲USP Amoxicillin Related Compound A RS
rU = peak response of each impurity from the Sample [(2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo

solution [3.2.0]heptane-2-carboxylic acid; 6-aminopenicillanic acid]
rS = peak response of amoxicillin from the Standard (C8H12N2O3S  216.26)

solution USP Amoxicillin Related Compound D RS
CS = concentration of USP Amoxicillin RS in the Stan- [(4S)-2-{[(R)-2-amino-2-(4-hydrox-

dard solution (µg/mL) yphenyl)acetamido](carboxy)methyl}-5,5-
CU = nominal concentration of Amoxicillin in the Sam- dimethylthiazolidine-4-carboxylic acid; amoxicillin open

ple solution (mg/mL) ring]
F = unit conversion factor (0.001 mg/µg) (C16H21N3O6S  383.42)▲USP34

Acceptance criteria USP Endotoxin RS
[NOTE—The reporting limit is 0.03% of the amoxicillin peak
from the Standard solution.]

Individual impurities:  See Impurity Table 1.
Total impurities:  NMT 5.0%

SPECIFIC TESTS
• CRYSTALLINITY 〈695〉:   Meets the requirements
• DIMETHYLANILINE 〈223〉:   Meets the requirement
• PH 〈791〉:   3.5–6.0

Sample solution:   2 mg/mL
• WATER DETERMINATION, Method I 〈921〉:   11.5%–14.5%

Change to read:

• STERILITY TESTS 〈71〉:   Where the label states that Amoxicillin is
sterile, it meets the requirements when tested as directed in
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Impurity Table 1

Relative Acceptance
Retention Criteria,

Name Time NMT (%)
Amoxicillin related compound Ia 0.32 1.0

0.53 1.0Amoxicillin related compound Db,c

0.68 1.0
Amoxicillin related compound Ad 0.78 0.5
Amoxicillin related compound Be,f 0.87 —
Amoxicillin 1.0 —
Amoxicillin related compound Gg 2.9 1.0
 Amoxicillin related compound Eh, i 4.5 1.0
Amoxicillin related compound Mj 6.0 1.0
Amoxicillin related compound Fe,k 6.3 —
Amoxicillin related compound Cl 6.4 1.0
Amoxicillin related compound Eh, i 6.7 1.0
Amoxicillin related compound Jm 8.8 1.0
Amoxicillin related compound Ln 9.0 1.0
Any unspecified individual impurity — 1.0
a (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid; D-hydroxyphenylglycine.
 b The chromatographic system resolves two penicilloic acids from each other.
 c (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5-dimethylthiazolidine-4-carboxylic acid; amoxicillin open ring.
 d (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid; 6-aminopenicillanic acid.
 e These compounds are listed for information only and are not to be reported.
 f (2S,5R,6R)-6-[(S)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid; L-amoxicillin.
 g (2S,5R,6R)-6-{(R)-2-[(R)-2-amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydroxyphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid; D-hydroxyphenylglycylamoxicillin.
 h The chromatographic system resolves two penilloic acids from each other.
 i (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid; amoxicillin penilloic derivatives.
 j (2S,5R,6R)-6-(2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-((4S)-4-carboxy-5,5-dimethylthiazolidin-2-yl)acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo
[3.2.0]heptane-2-carboxylic acid; N-(penicillan-6-yl) open ring amoxicillinamide.
 k 3-(4-Hydroxyphenyl)pyrazin-2-ol; phenylpyrazinediol.
 l (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-4-carboxylic acid; amoxicillin rearrangement product.
 m (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4-carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydroxyphenyl)acetamido)-3,3-
dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid; amoxicillin open ring dimer.
 n (2S,5R,6R)-6-{(2S,5R,6R)-6-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxamido}-3,3-dimethyl-7-
oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid; N-(penicillan-6-yl) amoxicillinamide.
 

▲USP34 DEFINITION

Change to read:
BRIEFING

Amphetamine Sulfate dried at 105° for 2 h, contains NLT 98.0%
and NMT 102.0% of (C9H13N)2 · H2SO4 ▲on the dried

Amphetamine Sulfate,  USP 32 page 1546 and page 4217 of basis.▲USP34
the Second Supplement. On the basis of comments received, it is
proposed to revise the Definition to be consistent with current IDENTIFICATION
USP style. It is also proposed to delete the note under Organic
Impurities, Procedure regarding the injection size to be consistent Change to read:with the validation data.

■• A. INFRARED ABSORPTION 〈197M〉■2S (USP32)

(MD-PP: R. Ravichandran.) RTS—C79742

Change to read:

Amphetamine Sulfate ■• B.  The retention time of the major peak of the Sample solu-
tion corresponds to that of the Standard solution, as obtained
in the Assay.■2S (USP32)

Change to read:

(C9H13N)2 · H2SO4 368.49
■• C. IDENTIFICATION TESTS—GENERAL, Sulfate 〈191〉:  Meets theBenzeneethanamine, α-methyl-, sulfate (2:1), (±)-;

requirements(±)-α-Methylphenethylamine sulfate (2:1) [60-13-9].
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Sample solution:  100 mg/mL■2S (USP32) IMPURITIES
Inorganic Impurities

ASSAY • RESIDUE ON IGNITION 〈281〉:  NMT 0.2%

Change to read: Change to read:

• PROCEDURE Organic Impurities
■Solution A:  Add 5.0 mL of trifluoroacetic acid to 900 mL of ■• PROCEDURE
water, adjust with ammonium hydroxide to a pH of 2.2 ± 0.1, Solution A, Solution B, Mobile phase, Standard solution,
and add 100 mL of acetonitrile. System suitability solution, Sample solution, Chromato-

Solution B:  Use degassed acetonitrile. graphic system, and System suitability:  Proceed as di-
Mobile phase:  See the gradient table below. rected in the Assay. [NOTE—The injection volume is 10 µL.]

▲
▲USP34

AnalysisTime Solution A Solution B
Samples:  Standard solution and Sample solution(min) (%) (%)
[NOTE—Identify the impurities by the relative retention

0 100 0 times in Impurity Table 1.]
15 65 35 Calculate the percentage of each impurity in the portion of
20 0 100 Amphetamine Sulfate taken:
22 0 100

Result = (rU/rS) × (CS/CU) × (1/F) × 10023 100 0
30 100 0 rU = peak response for each impurity from the Sam-

ple solutionStandard solution:  2.0 mg/mL of USP Dextroamphetamine
rS = peak response for dextroamphetamine from theSulfate RS in Solution A

Standard solutionSystem suitability solution:  Transfer 40 mL of the Standard
CS = concentration of USP Dextroamphetamine Sul-solution to a 50-mL volumetric flask. Using a microliter syringe,

fate RS in the Standard solution (mg/mL)add 1 µL each of USP Dextroamphetamine Related Com-
CU = concentration of Amphetamine Sulfate in thepound A RS and USP Dextroamphetamine Related Compound

Sample solution (mg/mL)B RS. Dilute with Standard solution to volume, and mix.
F = relative response factor (see Impurity Table 1)Sample solution:  2.0 mg/mL of Amphetamine Sulfate in So-

Acceptance criterialution A
Individual impurities:  See Impurity Table 1.Chromatographic system
Total impurities:  NMT 1.0%(See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Impurity Table 1Detector:  UV 257 nm

Column:  4.6-mm × 15-cm; 5-µm packing L1
Relative Relative AcceptanceTemperature:  40°

Retention Response Criteria,Flow rate:  1.5 mL/min
Name Time Factor NMT (%)Injection size:  20 µL

Cathinone 0.81 55.6 0.25System suitability
Amphetamine 1.0 1.0 —Samples:  Standard solution and System suitability solution

[NOTE—Identify the peaks by the relative retention times in Benzaldehyde 1.73 105.3 0.25
Impurity Table 1 under Organic Impurities. Amphetamine and Dextroamphetamine 1.88 1.5 0.25
dextroamphetamine have exactly the same retention time.] related compound A

Suitability requirements Dextroamphetamine 2.05 1.8 0.25Resolution:  NLT 3.0 between dextroamphetamine related related compound Bcompound A and dextroamphetamine related compound
Individual unspecified — 1.0 0.1B, System suitability solution
impurityTailing factor:  NMT 3.0, Standard solution

Relative standard deviation:  NMT 2.0%, Standard
■2S (USP32)solution

Analysis SPECIFIC TESTS
Samples:  Standard solution and Sample solution • LOSS ON DRYING 〈731〉:  Dry a sample at 105° for 2 h: it loses
Calculate the percentage of (C9H13N)2 · H2SO4 in the portion NMT 1.0% of its weight.
of Amphetamine Sulfate taken: • DEXTROAMPHETAMINE:  A solution (20 mg/mL) is optically

inactive.
Result = (rU/rS) × (CS/CU) × 100

ADDITIONAL REQUIREMENTS
rU = peak response for amphetamine sulfate from the • PACKAGING AND STORAGE:  Preserve in well-closed containers.

Sample solution
rS = peak response for dextroamphetamine sulfate

Change to read:from the Standard solution
CS = concentration of USP Dextroamphetamine Sul-

fate RS in the Standard solution (mg/mL) • USP REFERENCE STANDARDS 〈11〉CU = concentration of Amphetamine Sulfate in the
■USP Dextroamphetamine Related Compound A RSSample solution (mg/mL) USP Dextroamphetamine Related Compound B RS■2S (USP32)Acceptance criteria  98.0%–102.0% after drying at 105° for USP Dextroamphetamine Sulfate RS2 h▲on the dried basis▲USP34■2S (USP32)
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BRIEFING water bath, and dry at 80° for 30 min under vacuum. Perform
the test on the residues.

• B.  The retention time of the azithromycin peak in the Sample
solution corresponds to that in the Standard solution, as ob-Azithromycin,  USP 32 page 1613 and page 559 of PF 34(3)
tained in the Assay.[May–June 2008]. On the basis of comments received, the fol-

lowing revisions are proposed: ASSAY1.  In the Assay, provide additional details regarding the prep-
aration of the System suitability stock solution, and make
additional changes to update the format per current USP Change to read:
style.

2.  Revise the test for Organic impurities as follows:
• PROCEDURE•  Add a pH adjustment step to the preparation of Solu-

[NOTE—Use water that has a resistivity of NLT 18 Mohm-cm.]tion A.
Mobile phase:   Dissolve 5.8 g of monobasic potassium phos-•  Revise the system suitability requirements to reflect ap-
phate in 2130 mL of water, and add 870 mL of acetonitrile.proved limits.
Adjust with 6 mL of 10 N potassium hydroxide to a pH of•  Revise the relative response factors of some impurities
11.0 ± 0.1, and filter.based on supporting data.

Standard stock solution:  0.165 mg/mL of USP Azithromycin•  Revise the acceptance criteria for any individual uniden-
RS in acetonitrile. [NOTE—Sonicate as necessary.]tified impurity to reflect approved limits.

Standard solution:  3.3 µg/mL of USP Azithromycin RS from•  Update the trivial names of the impurities, and provide
the Standard stock solution in Mobile phasechemical names as footnotes to Impurity Table 1.

Sample stock solution:  0.165 mg/mL of Azithromycin in•  Update the USP Reference Standards section to include
acetonitrile. [NOTE—Sonicate as necessary.]chemical names, formulas, and molecular weights for the

Sample solution:  3.3 µg/mL of azithromycin from the Samplerelated compound reference standards.
stock solution in Mobile phase

System suitability stock solution:  0.16 mg/mL of USP
Azaerythromycin A RS in acetonitrile and Mobile phase (1:9).(MD-ANT: A. Wise.) RTS—C68843, C68839, C68780, C77279 [NOTE—Dissolve in acetonitrile by swirling and sonicating and
with the aid of brief sonication, and then dilute with Mobile
phase to volume.▲Dissolve in acetonitrile, using 10% of the
final volume. Swirl and sonicate to dissolve. Dilute with MobileAzithromycin phase to volume.▲USP34]

System suitability solution:  Transfer 2.0 mL of the System
suitability stock solution and 2.0 mL of the Standard stock solu-
tion to a 100-mL volumetric flask, and dilute with Mobile
phase to volume.▲3.3 µg/mL of azithromycin from the Sample
stock solution and 3.2 µg/mL of azaerythromycin A from the
System suitability stock solution in Mobile phase▲USP34

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  Amperometric electrochemical detector
Detector type:  Dual glassy carbon electrodes
Detector mode:  Oxidative screen mode
Detector settings:  Electrode 1 set at +0.70 ± 0.05 V, elec-C38H72N2O12 748.98
trode 2 set at +0.82 ± 0.05 V, background current optimized

C38H72N2O12 · H2O 767.00 to 85 ± 15 nanoamperes
ColumnC38H72N2O12 · 2H2O 785.02

Guard column:  4.6-mm × 5-cm; 5-µm packing L291-Oxa-6-azacyclopentadecan-15-one, 13-[(2,6-dideoxy-3-C-
Analytical column:  4.6-mm × 15-cm; 5-µm packing L29methyl-3-O-methyl-α-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-
or 3-µm packing L49 without the guard columntrihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-

Flow rate:  1.5 mL/min(dimethylamino)-β-D-xylo-hexopyranosyl]oxy]-, [2R(2R*,3S*,4R*,
Injection size:  50 µL5R*,8R*,10R*,11R*,12S*,13S*,14R*)];

System suitability(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-
Samples:  Standard solution and System suitability solutionmethyl-3-O-methyl-α-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-
[NOTE—The relative retention times for azaerythromycin Atrihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-
and azithromycin with the L29 column are 0.7 and 1.0,(dimethylamino)-β-D-xylo-hexopyranosyl]oxy]-1-oxa-6-aza-
respectively; the relative retention times for azaerythromycincyclopentadecan-15-one;
A and azithromycin with the L49 column are 0.8 and 1.0,9-Deoxo-9a-aza-9a-methyl-9a-homoerythromycin A.
respectively.]Anhydrous [83905-01-5].

Suitability requirementsMonohydrate [121479-24-4].
Resolution:  NLT 2.5 between azaerythromycin A andDihydrate [117772-70-0].
azithromycin, System suitability solution

DEFINITION Column efficiency:  NLT 1000 theoretical plates, Standard
Azithromycin is anhydrous or contains one or two molecules of solution

water of hydration. It contains the equivalent of NLT 945 µg Tailing factor range:  0.9–1.5 for azithromycin, Standard
and NMT 1030 µg of azithromycin (C38H72N2O12) per mg, cal- solution
culated on the anhydrous basis. Relative standard deviation:  NMT 2.0%, Standard

solution
IDENTIFICATION Analysis• A. INFRARED ABSORPTION 〈197K〉:  If a difference appears in the Samples:  Standard solution and Sample solution

IR spectra of the analyte and the standard, dissolve equal por- Calculate the quantity, in µg, of C38H72N2O12 in each mg of
tions of the sample and the Reference Standard in equal Azithromycin taken:
volumes of methanol. Evaporate the solutions to dryness on a

Result = (rU/rS) × (CS/CU) × P
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rU = peak response from the Sample solution rU = peak area for the relevant analyte from the Sam-
rS = peak response from the Standard solution ple solution
CS = concentration of USP Azithromycin RS in the rS = peak area for the relevant analyte from the Stan-

Standard solution dard solution
CU = concentration of Azithromycin in the Sample so- CS = concentration of the appropriate USP Reference

lution Standard in the Standard solution (µg/mL)
P = potency of USP Azithromycin RS (µg/mg of CU = concentration of the Sample solution (mg/mL)

azithromycin) F = unit conversion (0.001 mg/µg)
Acceptance criteria:  Equivalent of 945–1030 µg on the anhy- Calculate the percentages of other related substances in the
drous basis▲945–1030 µg/mg on the anhydrous basis▲USP34 Azithromycin taken:

IMPURITIES Result = (rU/rS) × (CS/CU) × F × 100
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.3%, the charred residue rU = peak area of each additional impurity from the

being moistened with 2 mL of nitric acid and 5 drops of sulfu- Sample solution
ric acid rS = peak area of the azithromycin peak from the

• HEAVY METALS, Method II 〈231〉:  NMT 25 ppm Standard solution
CS = concentration of USP Azithromycin RS in the

Standard solution (µg/mL)Change to read: CU = concentration of the Sample solution (mg/mL)
F = unit conversion (0.001 mg/µg)

Acceptance criteria:  See Impurity Table 1.Organic Impurities
• PROCEDURE 1 [NOTE—Perform either Procedure 1 or Procedure 2,

depending on the manufacturing process used.] Impurity Table 1
[NOTE—Use water that has a resistivity of NLT 18 Mohm-cm.] Acceptance Cri-Mobile phase:  Proceed as directed in the Assay. Relative teria,Solution A:  2.7 mg/mL of monobasic potassium phosphate Name Retention Time NMT (%)in water. Adjust with 10 N potassium hydroxide to a pH of

Desosaminylazithromycin 0.38 0.37.5 ± 0.1.
N-demethylazithromycin 0.54 0.7Diluent:  Acetonitrile and Solution A (1:3)
Any other individual impuri- — 1.0Standard stock solution:  45 µg/mL of USP Desosaminylazi-
tythromycin RS, 105 µg/mL of USP N-Demethylazithromycin

RS, and 160 µg/mL of USP Azithromycin RS in acetonitrile Sum of all impurities — 3.0
Standard solution:  0.9 µg/mL of USP Desosaminylazithro-

• PROCEDURE 2mycin RS, 2.1 µg/mL of USP N-Demethylazithromycin RS,
[NOTE—Perform either Procedure 1 or Procedure 2, dependingand 3.2 µg/mL of USP Azithromycin RS from Standard stock
on the manufacturing process used.]solution in Diluent

Buffer:  8.7 mg/mL of dibasic potassium phosphate in water.Sample solution:  33 mg of Azithromycin in a 100-mL volu-
Adjust with 20% phosphoric acid to a pH of 8.2.metric flask. Add 5 mL of acetonitrile, and sonicate for about

Mobile phase:  Acetonitrile and Buffer (3:2)20 s to dissolve. Dilute with Diluent to volume.
Standard solution A:  35 µg/mL of USP Azithromycin RS in[NOTE—Use this solution within 6 h.]
Mobile phaseChromatographic system

Standard solution B:  7.0 mg/mL of USP Azithromycin Iden-(See Chromatography 〈621〉, System Suitability.)
tity RS in Mobile phaseMode:  LC

Standard solution C:  14 µg/mL of USP Azithromycin-N-Ox-Detector:  Amperometric electrochemical detector
ide RS in Mobile phaseDetector type:  Dual glassy carbon electrodes

Sample solution:  7 mg/mL of Azithromycin in Mobile phaseDetector mode:  Oxidative screen mode
System suitability solution:  0.07 mg/mL of USP Azaerythro-Detector settings:  Electrode 1 set at +0.70 ± 0.05 V, elec-
mycin A RS and 7 mg/mL of USP Azithromycin RS in Mobiletrode 2 set at +0.85 ± 0.05 V, background current opti-
phasemized to 95 ± 25 nanoamperes

Chromatographic system[NOTE—In general, maintain electrode 1 at 0.12 V less than
(See Chromatography 〈621〉, System Suitability.)electrode 2, and maintain the electrodes at a constant
Mode:  LCtemperature of about 26°.]
Detector:  UV 210 nmColumn
Column:  4.6-mm × 15-cm; 5-µm packing L1Guard column:  4.6-mm × 5-cm; 5-µm packing L29
Temperature:  30°Analytical column:  4.6-mm × 15-cm; 5-µm packing L29
Flow rate:  0.9 mL/minor 3-µm packing L49 without the guard column.
Injection size:  50 µLFlow rate:  0.4 mL/min

System suitabilityInjection size:  50 µL
Sample:  System suitability solutionSystem suitability
[NOTE—For the purpose of identification, the relative reten-Sample:  Standard solution
tion times for azaerythromycin A and azithromycin areSuitability requirements
0.47 and 1.00, respectively.]Column efficiency:  NLT 1500 theoretical plates for the

Suitability requirementsazithromycin peak
Resolution:  NLT 8.0 between azaerythromycin A andTailing factor:  NMT 1.5 for each peak
azithromycinRelative standard deviation:  NMT 5% for each of these

Tailing factor:  NMT 2.5 for the azithromycincompounds
AnalysisAnalysis

Samples:  Mobile phase, Standard solution A, Standard solu-Samples:  Standard solution and Sample solution
tion B, Standard solution C, and Sample solution[NOTE—Record Sample solution chromatograms for NLT 3.3
[NOTE—Disregard any peak due to the solvent front andtimes the elution time of the azithromycin peak.]
any peak corresponding to those obtained from the Mo-Calculate the percentages of desosaminylazithromycin and
bile phase.]N-demethylazithromycin in the Azithromycin taken:

Result = (rU/rS) × (CS/CU) × F × 100
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Calculate the percentage of each impurity in the portion of Chromatographic system
Azithromycin taken: (See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Result = (rU/rS) × (CS/CU) × 100/F Detector:  UV 210 nm

Column:  4.6-mm × 25-cm; 5-µm packing L1
rU = peak area for each impurity from the Sample Temperature:  60°

solution Flow rate:  1 mL/min
rS = peak area of azithromycin from Standard solu- Injection size:  50 µL

tion A System suitability
CS = concentration of USP Azithromycin RS in Stan- Sample:  System suitability solution and Standard solution

dard solution A (mg/mL) Suitability requirements
CU = concentration of the Sample solution (mg/mL) Peak-to-valley ratio:  NLT 3.0  NLT 1.4, System suitabil-
F = relative response factor (see Impurity Table 2) ity solution [NOTE—The calculation formula for peak-to-

Acceptance criteria valley ratio is:
Individual impurities:  See Impurity Table 2.
Total impurities:  NMT 2.0% Result = Hp/Hv

Hp = height above the baseline of the desosaminyl-Impurity Table 2
azithromycin peak

Relative Relative Acceptance Hv = height above the baseline of the lowest point of
Retention Response Criteria, the curve separating the desosaminylazithro-

Name Time Factor NMT (%) mycin and azithromycin related compound F
Azithromycin-N-oxide 0.20 0.45 0.40 peaks.]

Tailing factor:  0.8–1.5, Standard solution3′-(N,N-didemethyl)-3′- 0.26 1.8 0.30
AnalysisN-formylazithromycin
Samples:  Standard solution and Sample solution3′-N-demethyl-3′-N- 0.34 4.1 0.15
[NOTE—Disregard peaks eluting before azithromycin 3′-N-formylazithromycin
oxide and after 3-deoxyazithromycin (azithromycin B).(rotamer 1)
Disregard peaks with a response less than 0.1 times the3′-N-demethyl-3′-N- 0.37 4.1 0.15 response of the azithromycin peak in the Standard solu-formylazithromycin tion (0.1%).](rotamer 2) Calculate the percentage of each related compound in the

6-Demethylazithro- 0.47 0.67 0.50 portion of Azithromycin taken:
mycin (azaerythromy-
cin A) Result = (rU/rS) × (CS/CU) × P × F1 × 100/F2

3′- 0.80 1.9 0.25
De(dimethylamino)-3′- rU = peak response for each impurity from the Sam-
oxoazithromycin ple solution

rS = peak response of azithromycin from the Stan-2-Desethyl-2-propyl- 1.52 1.0 0.50
dard solutionazithromycin

CS = concentration of USP Azithromycin RS in the3-Deoxyazithromycin 1.60 1.0 0.50
Standard solution (µg/mL)(azithromycin B)

CU = nominal concentration of azithromycin in the
3′-N-demethyl-3′-N-[(4- 2.14 7.0 0.50 Sample solution (mg/mL)
methylphenyl)sul- F1 = unit conversion factor (0.001 mg/µg)
fonyl]azithromycin F2 = relative response factor (see Impurity Table 1)

Individual unknown im- — 1.0 0.20 Acceptance criteria
purity Individual impurities:  See Impurity Table 1.

Total impurities:  NMT 3.0%▲• PROCEDURE
Solution A:  1.8 mg/mL of anhydrous dibasic sodium phos-

Impurity Table 1phate in water adjusted with 1N sodium hydroxide or 10%
phosphoric acid to a pH of 8.9

Relative Relative AcceptanceSolution B:  Acetonitrile and methanol (3:1)
Retention Response Criteria,Mobile phase:  See the gradient table below.

Name Time Factor NMT (%)
Azithromycin 3′- N-oxide 0.29 0.43 0.5

Time Solution A Solution B Azithromycin  N-oxidea

(min) (%) (%) 3′-(N,N-Didemethyl)-3′-N- 0.37 1.7 0.5
0 50 50 formylazithromycinb

25 45 55 3′-(N,N-Didemethyl) 0.43 1.0 0.5
azithromycin (ami-30 40 60
noazithromycin)c80 25 75

Azithromycin related com- 0.51 3.8 0.581 50 50
pound Fd

93 50 50
Desosaminylazithromycine 0.54 1.0 0.3

Solution C:  1.73 mg/mL of monobasic ammonium phos- 3′-N-demethylazithro- 0.61 1.0 0.52 0.7
phate adjusted with ammonia TS to a pH of 10.0 ± 0.05 mycinN-Demethyl-

Solution D:  Methanol, acetonitrile, and Solution C (7:6:7) azithromycinf

System suitability solution:  0.0165 mg/mL of USP Azithromycin C (3”-O- 0.73 1.0 0.5
Azithromycin Related Compound F RS and 0.027 mg/mL demethylazithromycin)g

of USP Desosaminylazithromycin RS in Solution D 3′-De(dimethylamino) 0.76 1.5 0.5Standard solution:  86 µg/mL of USP Azithromycin RS in -3′-oxoazithromycinh

Solution D
Sample solution:  8.6 mg/mL of Azithromycin in Solution
D
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Impurity Table 1 (continued) • WATER DETERMINATION, Method I 〈921〉
Where it is labeled as anhydrous:  NMT 2.0%

Relative Relative Acceptance Where it is labeled as the monohydrate:   1.8%–4.0%, ex-
Retention Response Criteria, cept that it may be 4.0%–6.5% when the requirements of the

Name Time Factor NMT (%) Loss on Drying test are met
6-demethylazithromycin 0.83 1.0 0.69 0.5 Where it is labeled as the dihydrate:  4.0%–5.0%
(Azaerythromycin A) • LOSS ON DRYING   (where it is labeled as Azithromycin mono-
Azaerythromycin Ai hydrate and has a water content of 4.0%–6.5%)

Azithromycin impurity Pj 0.92 1.0 0.2 (See Thermal Analysis 〈891〉.)
[NOTE—The quantity taken for the determination may be ad-Azithromycin 1.0 — —
justed, if necessary, for instrument sensitivity.]2-Desethyl-2-propyl- 1.23 1.0 0.5

Analysis:  Determine the percentage of volatile substances byazithromycink

thermogravimetric analysis in an appropriately calibrated in-
3′-N-Demethyl-3′-N-[(4- 1.26  1.0 6.3 0.5 strument, using about 10 mg of Azithromycin. Heat the sam-
methylphenyl)sulfonyl] ple at the rate of 10°/min between ambient temperature and
azithromycinl

150° in an atmosphere of nitrogen at a constant flow rate of
3-Deoxyazithromycin 1.31 1.0 1.0 about 35 mL/min. From the thermogram plot the derivatives
(azithromycin B)m of the loss on drying (percent loss/min), and identify the in-

Any individual unidentified — 1.0 0.2 1.0 flection points of the two weight loss steps at about 70° and
impurity 130°.

 a (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O- Acceptance criteria:  It loses NMT 4.5% of its weight be-
methyl-α-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihy- tween ambient temperature and the inflection point at about
droxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylazinoyl)-β- 70°, and 1.8%–2.6% between the inflection point at about
D-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one. 70° and the inflection point at about 130°.
 b (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-

ADDITIONAL REQUIREMENTSmethyl-α-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihy-
• PACKAGING AND STORAGE:  Preserve in tight containers.droxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-formamido-3,4,6-trideoxy-β-D-

xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
 c (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O- Change to read:
methyl-α-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihy-
droxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-amino-3,4,6-trideoxy-β-D-xylo-hex-
opyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one. • LABELING:  Label it to indicate whether it is anhydrous, or the
 d 3′-N-Demethyl-3′-N-formylazithromycin. monohydrate or the dihydrate. The amorphous form is so la-
 e (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahy- beled. Where the quantity of azithromycin is indicated in the
droxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino-β-D- labeling of any preparation containing Azithromycin, this shall
xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one. be understood to be in terms of anhydrous azithromycin
 f (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O- (C38H72N2O12). The labeling states with which Organic Impuri-
methyl-α-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihy- ties procedure the article complies, if other than Procedure 1.
droxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-methylamino-β-D- ▲

▲USP34
xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
 g (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-α-L-

Change to read:ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-
heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino-β-D-xylo-hexopyra-
nosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one. • USP REFERENCE STANDARDS 〈11〉
 h (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3,3-dimethyl-α-L- USP Azithromycin RS
ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14- USP Azaerythromycin A RS ▲(9-Deoxo-9a-aza-9a-homoerythro-
heptamethyl-11-[[3,4,6-trideoxy-3-oxo-β-D-xylo-hexopyranosyl]oxy]-1-oxa-6- mycin A) [C37H70N2O12 734.96]▲USP34
azacyclopentadecan-15-one. USP Azithromycin Identity RS (A mixture of azithromycin, 3′-
 i 9-Deoxo-9a-aza-9a-homoerythromycin A. (N,N-dimethyl-3′-N-formyl-azithromycin, 3′-N-demethyl-3′-N-
 j Specified unidentified impurity. formylazithromycin (Rotamer 1), 3′-N-demethyl-3′-N-formy-
 k (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O- lazithromycin (Rotamer 2), 3′-de(dimethylamino)-3′-ox-
methyl-α-L-ribo-hexopyranosyl)oxy]-2-propyl-3,4,10-trihy- oazithromycin, 2-desethyl-2-propylazithromycin, 3-deoxy-
droxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-β- azithromycin and 3′-N-demethyl-3′-N-[(4-
D-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one dihydrate. methylphenyl)sulfonyl]azithromycin)
 l (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O- USP Azithromycin-N-Oxide RS
methyl-α-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihy- ▲

▲USP34
droxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-[N-(4-methylphenylsulfonyl)-N- USP Desosaminylazithromycin RS
methylamino]-3,4,6-trideoxy-β-D-xylo-hexopyranosyl]oxy]-1-oxa-6-aza- ▲((2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-ethyl-3,4,10,13-
cyclopentadecan-15-one. tetrahydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-tride-
 m (2R,3R,4S,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O- oxy-3-dimethylamino-β-D-xylo-hexopyranosyl]oxy]-1-oxa-6-
methyl-α-L-ribo-hexopyranosyl)oxy]-2-ethyl-4,10-dihydroxy-3,5,6,8,10,12,14- azacyclopentadecan-15-one) [C30H58N2O9 590.79]▲USP34
heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-β-D-xylo-hexopyra- USP N-Demethylazithromycin RS
nosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one. ▲USP Azithromycin Related Compound F RS

((2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-
▲USP34 methyl-3-O-methyl-α-L-ribo-hexopyranosyl)oxy]-2-

ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-SPECIFIC TESTS
(N-methyl)formamido-3,4,6-trideoxy-β-D-xylo-hexopyra-• OPTICAL ROTATION, Specific Rotation 〈781S〉:  –45° to −49°, at
nosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one) [C38H70N2O1320°
762.97]▲USP34Sample solution:  20 mg/mL, in dehydrated alcohol

• CRYSTALLINITY 〈695〉:  Meets the requirements except, where it
is labeled as amorphous, most of the particles do not exhibit
birefringence and extinction positions

• PH 〈791〉:  9.0–11.0, in a mixture of methanol and water (1:1)
containing 2 mg/mL, prepared by diluting a solution in meth-
anol containing 4 mg/mL with an equal volume of water
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BRIEFING Sample solution:  10.0 mL from Sample stock solution plus
10.0 mL of Internal standard solution in a 50.0-mL volumetric
flask. Add water to volume.▲0.1 mg/mL of Buspirone Hydro-
chloride and 0.025 mg/mL of propylparaben in water, fromBuspirone Hydrochloride,  USP 32 page 1726. The following
Sample stock solution and Internal standard solution,changes are proposed:
respectively.▲USP341.  Include an Identification test for the chloride counter ion

Chromatographic systemper Identification Tests–General 〈191〉.
 (See Chromatography 〈621〉, System Suitability.)2.  Eliminate the redundant, nonvalue added test for Content
Mode:  LCof Chloride.
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  2 mL/min

(MD-PP: H. Ramanathan, R. Ravichandran.) RTS—C79566 Injection size:  25 µL
System suitability
Sample:  Standard solution
[NOTE—The relative retention times for propylparaben andBuspirone Hydrochloride buspirone hydrochloride are about 0.55 and 1.0,
respectively.]

Suitability requirements
Resolution:  NLT 4 between buspirone hydrochloride and
the internal standard

Relative standard deviation:  NMT 2.0%
Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C21H31N5O2 · HCl in the portion of
Buspirone Hydrochloride taken:

C21H31N5O2 · HCl 421.96
8-Azaspiro[4,5]decane-7,9-dione, 8-[4-[4-(2-pyrimidinyl)-1- Result = (RU/RS) × (CS/CU) × 100

piperazinyl]butyl]-, monohydrochloride;
N-[4-[4-(2-Pyrimidinyl)-1-piperazinyl]butyl]-1,1- RU = peak response ratio of buspirone hydrochloride

cyclopentanediacetamide monohydrochloride to propylparaben from the Sample solution
[33386-08-236505-84-7]. RS = peak response ratio of buspirone hydrochloride

to propylparaben from the Standard solution
DEFINITION CS = concentration of USP Buspirone Hydrochloride RS
Buspirone Hydrochloride contains NLT 97.5% and NMT 102.5% in the Standard solution (mg/mL)

of C21H31N5O2 · HCl, calculated on the as-is basis. CU = concentration of Buspirone Hydrochloride in the
Sample solution (mg/mL)IDENTIFICATION

Acceptance criteria:  97.5%–102.5% on the as-is basis• A. INFRARED ABSORPTION 〈197K〉
• B.  The relative retention time of the major peak of the Sample OTHER COMPONENTS

solution corresponds to that of the Standard solution, as ob-
tained in the Assay.

Delete the following:

Add the following:
▲• CONTENT OF CHLORIDE

Sample solution:  400 mg in 20 mL of water. Add 3 mL of
▲• C. IDENTIFICATION TESTS–GENERAL, Chloride 〈191〉:  Meets the nitric acid and 20.0 mL of 0.1 N silver nitrate VS. Gently boil

requirements the mixture for about 5 min. Filter, rinse the flask with about
Sample solution:  A solution of 10 mg/mL in water▲USP34 80 mL of water divided into small portions, and filter each

portion. Add 2 mL of 8% ferric ammonium sulfate.ASSAY
Analysis:  While stirring rapidly, titrate the excess silver nitrate
with 0.1 N ammonium thiocyanate VS to a faint red-brown

Change to read: endpoint. Perform a blank determination (see Titrimetry 〈541〉,
Residual Titrations). Each mL of 0.1 N silver nitrate consumed
is equivalent to 3.545 mg of chloride.

• PROCEDURE Acceptance criteria:  NLT 8.0% and NMT 8.8%▲USP34
Solution A▲Buffer:▲USP34  1.36 mg/mL▲1.36 g/L▲USP34 of mono-
basic potassium phosphate in water. Adjust the solution with IMPURITIES
10% sodium hydroxide (w/v) to a pH of 7.5, and filter. Inorganic Impurities

Mobile phase:  Acetonitrile and Solution A▲Buffer▲USP34 (2:3) • RESIDUE ON IGNITION 〈281〉:  NMT 0.5%
Internal standard stock solution:  2.5 mg/mL of • HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
propylparaben in methanol

SPECIFIC TESTSInternal standard solution:  0.125 mg/mL ▲of
• WATER DETERMINATION, Method I 〈921〉:  NMT 0.5%propylparaben▲USP34 in water from Internal standard stock

solution
ADDITIONAL REQUIREMENTSStandard stock solution:  Dissolve 50 mg of USP Buspirone
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-Hydrochloride RS in 25 mL of 1 N hydrochloric acid in a 100-

tainers, at controlled room temperature.mL volumetric flask, and dilute with water to volume.
• USP REFERENCE STANDARDS 〈11〉Standard solution:  10.0 mL from Standard stock solution.

USP Buspirone Hydrochloride RSAdd 10.0 mL of Internal standard solution in a 50.0-mL volu-
metric flask, and add water to volume.

Sample stock solution:  Dissolve 50 mg of Buspirone Hydro-
chloride in 25 mL of 1 N hydrochloric acid in a 100-mL volu-
metric flask, and dilute with water to volume.
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BRIEFING rU = peak response of the Sample solution
rS = peak response of the Standard solution
CS = concentration of USP Cabergoline RS in the

Standard solution (mg/mL)Cabergoline,  USP 32 page 1740. On the basis of comments
CU = concentration of Cabergoline in the Sample solu-received, it is proposed to add tests for Residue on Ignition and

tion (mg/mL)Heavy Metals to reflect approved specifications.
Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES
(MD-PP: M. Puderbaugh, R. Ravichandran.) RTS—C64998

Add the following:

▲Inorganic Impurities
Add the following: • RESIDUE ON IGNITION 〈281〉:  NMT 0.1%

• HEAVY METALS, Method II 〈231〉:  20 ppm▲USP34

Organic Impurities
▲Cabergoline • PROCEDURE

[NOTE—Prepare solutions immediately before use, and protect
from light.]

Buffer:  Proceed as directed in the Assay.
Mobile phase:  Proceed as directed in the Assay.
System suitability solution:  To 10 mL of 0.1 M sodium hy-
droxide, add 50 mg of Cabergoline. Stir for about 15 min.
To 1 mL of the suspension, add 1 mL of 0.1 M hydrochloric
acid, and dilute with Mobile phase to 10.0 mL. Sonicate until
dissolution is complete. [NOTE—The main degradation prod-
uct obtained is cabergoline related compound A.]C26H37N5O2 451.60

Sample solution:  0.25 mg/mL of Cabergoline in MobileErgoline-8β-carboxamide, N-[3-(dimethylamino)propyl]-N-[(ethy-
phase. [NOTE—Sonicate if needed.]lamino)carbonyl]-6-(2-propenyl)-;

Chromatographic system1-[(6-Allylergolin-8β-yl)carbonyl]-1-[3-(dimethylamino)propyl]-3-
 (See Chromatography 〈621〉, System Suitability.)ethylurea [81409-90-7].
Mode:  LC
Detector:  UV 280 nmDEFINITION
Column:  4.0-mm × 25-cm; 10-µm packing L1Cabergoline contains NLT 98.0% and NMT 102.0% of the la-
Flow rate:  1.3 mL/minbeled amount of C26H37N5O2, calculated on the anhydrous
Injection size:  100 µLbasis.

System suitability
IDENTIFICATION Sample:  System suitability solution
• A. INFRARED ABSORPTION 〈197K〉 Suitability requirements
• B.  The retention time of the major peak of the Sample solu- Resolution:  NLT 3.0 between cabergoline and

tion corresponds to that of the Standard solution, as obtained cabergoline related compound A
in the Assay. Analysis

Sample:  Sample solution
ASSAY Calculate the percentage of each impurity in the portion of
• PROCEDURE Cabergoline taken:

[NOTE—Prepare solutions immediately before use, and protect
from light.] Result = (rU/rT) × 100

Buffer:  Dissolve 6.8 g of monobasic potassium phosphate in
900 mL water, adjust with phosphoric acid to a pH of 2.0, rU = peak response of each impurity from the Sample
and dilute to 1 L. Add 0.2 mL of triethylamine to the resulting solution
solution, and mix. rT = sum of the peak responses for all peaks from the

Mobile phase:  Acetonitrile and Buffer (4:21) Sample solution
Standard solution:  0.25 mg/mL of USP Cabergoline RS in  Acceptance criteria
Mobile phase. [NOTE—Sonicate if needed.] Individual impurities:  See Impurity Table 1.

Sample solution:  0.25 mg/mL of Cabergoline in Mobile Total impurities:  NMT 0.8%
phase. [NOTE—Sonicate if needed.]

Chromatographic system
 (See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.0-mm × 25-cm; 10-µm packing L1
Flow rate:  1.3 mL/min
Injection size:  100 µL

System suitability
Sample:  Standard solution
Suitability requirements

Column efficiency:  NLT 1000 theoretical plates
Relative standard deviation:  NMT 2.0%

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C26H37N5O2 in the portion of
Cabergoline taken:

 Result = (rU/rS) × (CS/CU) × 100
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Impurity Table 1 Cefepime Hydrochloride
Relative Acceptance

 Retention  Criteria,
Name  Time  NMT (%)

Cabergoline related 0.3 0.1
compound Da

Cabergoline related 0.6 0.1
compound Bb

Cabergoline related 0.8 0.3
C19H25ClN6O5S2 · HCl · H2O 571.50compound Ac

Pyrrolidinium, 1-[[7-[[(2-amino-4-Cabergoline 1.0 —
thiazolyl)(methoxyimino)acetyl]amino]-2-carboxy-8-oxo-5-

Cabergoline related 2.9 0.3 thia-1-azabicyclo[4.2.0]oct-2-en-3-yl]methyl]-1-methyl-, chlor-
compound Cd

ide, monohydrochloride, monohydrate, [6R-[6α,7β(Z)]]-;
Any other individual, — 0.10 1-[[(6R,7R)-7-[2-(2-Amino-4-thiazolyl)glyoxylamido]-2-carboxy-8-
unidentified impurity oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-yl]methyl]-1-

a (6aR,9R,10aR)-N-[3-(Dimethylamino)propyl]-7-(prop-2- methylpyrrolidinium chloride, 72-(Z)-(O-methyloxime), monohy-
enyl)-4,6,6a,7,8,9,10,10a-octahydroindolo[4,3-fg]quinoline-9-carboxamide. drochloride, monohydrate [123171-59-5].
 b (6aR,9R,10aR)-N9-[3-(Dimethylamino)propyl]-N4-ethyl-7-(prop-2-

DEFINITIONenyl)6a,7,8,9,10,10a-hexahydroindolo[4,3-fg]quinoline-4,9(6H)-dicarboxamide.
Cefepime Hydrochloride contains the equivalent of NLT 825 µg c (6aR,9R,10aR)-7-(Prop-2-enyl)-4,6,6a,7,8,9,10,10a-octahydroindolo[4,3-

and NMT 911 µg of cefepime (C19H24N6O5S2)/mg, calculatedfg]quinoline-9-carboxylic acid. 
on the anhydrous basis. d (6aR,9R,10aR)-N9-[3-(Dimethylamino)propyl]-N4-ethyl-N9-(ethylcarbamoyl)-7-

(prop2-enyl)-6a,7,8,9,10,10a-hexahydroindolo[4,3-fg]quinoline-4,9(6H)-di-
IDENTIFICATIONcarboxamide. 
• INFRARED ABSORPTION 〈197M〉

SPECIFIC TESTS Sample:  Proceed as directed in the chapter, but do not dry.
• OPTICAL ROTATION, Specific Rotation 〈781S〉:  −77° to −83°

ASSAYSample solution:  1 mg/mL in alcohol, on the anhydrous
basis

• WATER DETERMINATION, Method I 〈921〉:  NMT 0.5% Change to read:

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers, pro- • PROCEDURE

tected from light. Solution A:  Dissolve 5.76 g of sodium 1-pentanesulfonate in
• USP REFERENCE STANDARDS 〈11〉 2000 mL of water, adjust with glacial acetic acid to a pH of

USP Cabergoline RS▲USP32 3.4, and then with potassium hydroxide TS to a pH of 4.0.
Mobile phase:  Acetonitrile and Solution A (3:47)
Standard solution:  1.4 mg/mL of USP Cefepime Hydrochlo-
ride RS in Mobile phaseBRIEFING Sample solution:  1.4 mg/mL of Cefepime Hydrochloride in
Mobile phase

Chromatographic system
Cefepime Hydrochloride,  USP 32 page 1836. On the basis of (See Chromatography 〈621〉, System Suitability.)
comments received it is proposed to revise the monograph as Mode:  LC
follows: Detector:  UV 254 nm
1.  The Assay was revised based on a new validated procedure Column:  3.9-mm × 30-cm; packing L1

that uses the same chromatographic system as the test for Flow rate:  2 mL/min
Organic Impurities, Procedure 2. The liquid chromatographic Injection size:  10 µL
procedure is based on analyses performed using an Inertsil System suitability
ODS-3V brand of L1 column. The typical retention time for Sample:  Standard solution
cefepime is about 7 min. Suitability requirements

2.  The test for Organic Impurities, Procedure 2 was revised to Column efficiency:  NLT 1500 theoretical plates
include acceptance criteria for additional specified impuri- Tailing factor:  NMT 1.7
ties and to provide a Total impurities limit. The limits reflect Relative standard deviation:  NMT 2.0%
approved criteria. Analysis

3.  The test for Organic Impurities, Procedure 1 was revised Samples:  Standard solution and Sample solution
based on a new validated method that significantly im- Calculate the quantity, in µg, of C19H24N6O5S2 in each mg of
proves the peak shape and chromatographic run time. The Cefepime Hydrochloride taken:
liquid chromatographic procedure is based on analyses per-
formed using a Metrohm Metrosep C 4-250 brand of L## Result = (rU/rS) × (CS/CU) × P
column. The typical retention time for N-methylpyrrolidine
is about 9 min. rU = peak response from the Sample solution

4.  The names of the components of USP Cefepime System rS = peak response from the Standard solution
Suitability RS were updated and corrected. CS = concentration of USP Cefepime Hydrochloride RS

in the Standard solution (mg/mL)
CU = concentration of Cefepime Hydrochloride in the

Sample solution (mg/mL)(MD-ANT: A. Wise.) RTS—C73175
P = content of cefepime in USP Cefepime Hydro-

chloride RS (µg/mg)
Acceptance criteria:  825–911 µg/mg on the anhydrous basis
▲Solution A:  0.68 mg/mL of monobasic potassium phosphate
in water

Solution B:  Acetonitrile and Solution A (1:9). Adjust with 2%
phosphoric acid or 2% potassium hydroxide to a pH of 5.0.
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Solution C:  Acetonitrile and Solution A (1:1). Adjust with 2% Chromatographic system
phosphoric acid or 2% potassium hydroxide to a pH of 5.0. (See Chromatography 〈621〉, System Suitability.)

Mobile phase:  See the gradient table below. Mode:  LC
Detector:  Conductivity
[NOTE—The typical background conductance is 3500 µS.]

Time Solution B Solution C Column:  4.6-mm x 5-cm; 5-µm packing L52 [NOTE—
(min) (%) (%) Guard column: 4.4-mm × 5-cm; packing L17, placed be-

0 100 0 tween the pump and injector is recommended.]
10 100 0 Flow rate:  1 mL/min

Injection size:  100 µL30 50 50
System suitability35 50 50

Sample:  Standard solution36 100 0
Suitability requirements

45 100 0 Retention time:  NLT 8 min for N-methylpyrrolidine
Relative standard deviation:  NMT 5.0%Standard solution:  1.4 mg/mL of USP Cefepime Hydrochlo-

Analysisride RS in Solution B. [NOTE—Sonicate if necessary. Inject im-
Samples:  Standard solution and Sample solutionmediately or store in a refrigerator and use within 12 h.]
Calculate the percentage of N-methylpyrrolidine in the por-Sample solution:  1.4 mg/mL of Cefepime Hydrochloride in
tion of Cefepime Hydrochloride taken:Solution B. [NOTE—Sonicate if necessary. Inject immediately or

store in a refrigerator and use within 12 h.] Result = (rU/rS) × (CS/CU) × 100Chromatographic system
(See Chromatography 〈621〉, System Suitability.) rU = peak response of N-methylpyrrolidine from the
Mode:  LC Sample solution
Detector:  UV 254 nm rs = peak response of N-methylpyrrolidine from the
Column:  4.6-mm × 25-cm; 5-µm packing L1 Standard solution
Flow rate:  1 mL/min CS = concentration of N-methylpyrrolidine in the
Injection size:  10 µL Standard solution (mg/mL)

System suitability CU = concentration of Cefepime Hydrochloride in the
Sample:  Standard solution Sample solution (mg/mL)
Suitability requirements Acceptance criteria:  NMT 0.3%

Tailing factor:  NMT 1.5 [NOTE—Cefepime from the Sample solution elutes as a broad
Relative standard deviation:  NMT 2.0% peak at 55 min. To minimize the equilibration time at the

Analysis start of the next day, it is recommended that the detector
Samples:  Standard solution and Sample solution be turned on the night before and that the Mobile phase
Calculate the quantity, in µg, of C19H24N6O5S2 in each mg of be pumped through the system overnight at a flow rate of
Cefepime Hydrochloride taken: 0.2 mL/min. After every Sample solution injection, it is rec-

ommended that the chromatograph be flushed with Col-Result = (rU/rS) × (CS/CU) × P umn rinse solution for 30 min at a flow rate of 1 mL/min to
remove cefepime from the column, and that the systemrU = peak response from the Sample solution
then be switched back to Mobile phase at a flow rate of 1rS = peak response from the Standard solution
mL/min for reequilibration.]CS = concentration of USP Cefepime Hydrochloride RS

▲Mobile phase:  Acetonitrile and 0.01 N nitric acid (1:19)in the Standard solution (mg/mL)
Standard solution:  0.05 mg/mL of N-methylpyrrolidine inCU = concentration of Cefepime Hydrochloride in the
0.002 N nitric acidSample solution (mg/mL)

Sample solution:  Equivalent to 5 mg/mL of cefepime hydro-P = content of cefepime in USP Cefepime Hydro-
chloride in 0.002 N nitric acid. [NOTE—Inject this solutionchloride RS (µg/mg)
immediately.]Acceptance criteria:  825–911 µg/mg on the anhydrous

Chromatographic systembasis▲USP34 (See Chromatography 〈621〉, System Suitability.)
Mode:  LCIMPURITIES
Detector:  ConductivityInorganic Impurities
Column:  4.0-mm x 25-cm; 5-µm packing L##• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
Flow rate:  1 mL/min• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
Injection size:  10 µL

System suitability
Change to read: Sample:  Standard solution

Suitability requirements
Relative standard deviation:  NMT 4.0%Organic Impurities Analysis• PROCEDURE 1: LIMIT OF N-METHYLPYRROLIDINE Samples:  Standard solution and Sample solution. [NOTE—Mobile phase:  Acetonitrile and 0.01 N nitric acid (1:100) Record the chromatogram of the Sample solution for aboutColumn rinse solution:  Transfer 5.0 mL of nitric acid to a 1- 6 times the retention time of the N-methylpyrrolidineL volumetric flask. Dilute with water to volume, and mix. peak.]Transfer this solution to an appropriate flask, add 1 L of Calculate the percentage of N-methylpyrrolidine in the por-acetonitrile, and mix. tion of Cefepime Hydrochloride taken:Standard stock solution:  Weigh 0.16 mL of N-methylpyr-

rolidine. Transfer to a 100-mL volumetric flask, and dilute Result = (rU/rS) × (CS/CU) × 100
with water to volume.

Standard solution:  4 mL of Standard stock solution diluted rU = peak response of N-methylpyrrolidine from the
with 0.01 N nitric acid to 100 mL. [NOTE—This solution con- Sample solution
tains 0.05 mg/mL of N-methylpyrrolidine.] rS = peak response of N-methylpyrrolidine from the

Sample solution:  10 mg/mL of Cefepime Hydrochloride in Standard solution
0.01 N nitric acid. [NOTE—This solution may be kept up to 6 CS = concentration of N-methylpyrrolidine in the
h if maintained at 5°; otherwise, use this solution within 30 Standard solution (mg/mL)
min.]
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CU = concentration of Cefepime Hydrochloride in the System suitability
Sample solution (mg/mL) Samples:  System suitability solution

Acceptance criteria:  NMT 0.3%▲USP34 Suitability requirements
 [NOTE—See Impurity Table 1 for the relative retention

• PROCEDURE 2: OTHER ORGANIC IMPURITIES times.]
Solution A:  0.68 mg/mL of monobasic potassium phosphate Resolution:  NLT 2.0 between cefepime related com-
Solution B:  Acetonitrile and Solution A (1:9). Adjust with po- pound E and cefepime related compound D
tassium hydroxide or phosphoric acid to a pH of 5.0. Tailing factor:  NMT 1.5, cefepime

Solution C:  Acetonitrile and Solution A (1:1). Adjust with po- Analysis
tassium hydroxide or phosphoric acid to a pH of 5.0. Sample:  Sample solution

Mobile phase:  See the gradient table below. Calculate the percentage of each impurity in the portion of
Cefepime Hydrochloride taken:

Time Solution B Solution C Result = (rU/rT) × 1/F × 100(min) (%)  (%)
0 100 0 rU = peak response of each impurity

10 100 0 rT = sum of the peak responses for all the peaks in
the chromatogram30 50 50

F = relative response factor from Impurity Table 135 50 50
Acceptance criteria:36 100 0

[NOTE—The reporting level is 0.2% for cefepime impurity C
and 0.05% for all other related compounds.]System suitability solution:  1.4 mg/mL of USP Cefepime

Individual impurities:  See Impurity Table 1.Hydrochloride System Suitability RS in Solution B
Total impurities:  NMT 1.0%. [NOTE—Total impurities doesSample solution:  1.4 mg/mL of Cefepime Hydrochloride in
not include N-methylpyrrolidine.]Solution B. [NOTE—Inject this solution immediately, or store in

a refrigerator, and inject within 12 h.]
Chromatographic system Impurity Table 1
(See Chromatography 〈621〉, System Suitability.)

Relative Relative AcceptanceMode:  LC
Retention Response Criteria,Detector:  UV 254 nm

Name Time Factor NMT (%)Column:  4.6-mm × 25-cm; 5-µm packing L1
Cefepime amine derivativea 0.4 0.48 0.1Flow rate:  1 mL/min
(Cefepime related com-Injection size:  10 µL
pound E)System suitability

Samples:  System suitability solution and Sample solution Thiazolylglyoxalic 0.5 1.0 0.1
Suitability requirements methyloximeb (Cefepime
Resolution:  NLT 5 between cefepime and cefepime re- related compound D)
lated compound A, and NLT 10 between cefepime related Thiazolyloxime 0.6 0.63 0.3
compound A and cefepime related compound B, System acetaldehydec (Cefepime
suitability solution related compound C)

Capacity factor, k′:  NLT 0.6, Sample solution Cefepime dimerd (Cefepime 0.8 1.0 0.2Column efficiency:  NLT 4000 theoretical plates, Sample related compound F)solution
Cefepime 1.0 — —Tailing factor:  NMT 1.5, Sample solution
E-Cefepimee (Cefepime re- 2.7 0.71 0.3Analysis
lated compound A)Sample:  Sample solution

Cefepime dioximef 4.3 0.71 0.2Calculate the percentage of each impurity in the portion of
(Cefepime related com-Cefepime Hydrochloride taken:
pound B)

Result = (rU/rT) × 100 Any individual unspecified — 1.0 0.1
impurity

rU = peak response for each impurity
a (6R,7R)-7-Amino-3-[(1-methylpyrrolidinium-1-yl)methyl]-8-oxo-5-thia-1-azabi-rT = sum of all the peak responses
cyclo[4.2.0]oct-2-ene-2-carboxylate.Acceptance criteria:  See Impurity Table 1.
 b (Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetic acid.
 c (Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)-N-(2-oxoethyl)acetamide.

Impurity Table 1  d 1-{[(6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-2-
{(6R,7R)-2-carboxy-3-[(1-methylpyrrolidinium-1-yl)methyl]-8-oxo-5-thia-1-azabi-Relative Acceptance
cyclo[4.2.0]oct-2-en-7-ylcarbamoyl}-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-Retention Criteria,
yl]methyl}-1-methylpyrrolidinium chloride.Name Time (%) NMT (%)
 e 1-({(6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-2-Cefepime 1.0 —
carboxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-yl}methyl)-1-methylpyr-

Cefepime related compound A 2.7 0.3 rolidinium chloride.
Cefepime related compound B 4.3 0.2  f 1-({(6R,7R)-7-[(Z)-2-{2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimi-
Any other impurity — 0.1 no)acetamido]thiazol-4-yl}-2-(methoxyimino)acetamido]-2-carboxy-8-oxo-5-

thia-1-azabicyclo[4.2.0]oct-2-en-3-yl}methyl)-1-methylpyrrolidinium chloride.
▲Solution A, Solution B, Solution C, Mobile phase, Sample

▲USP34solution and Chromatographic system:  Prepare as di-
rected in the Assay.

System suitability solution:  1.4 mg/mL of USP Cefepime
Hydrochloride System Suitability RS in Solution B
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SPECIFIC TESTS •  The test for Organic Impurities, Procedure 2 was revised to
• BACTERIAL ENDOTOXINS TESTS 〈85〉:  Where the label states that include acceptance criteria for additional specified impurities

Cefepime Hydrochloride is sterile or that it must be subjected and to provide a total impurities limit. The limit for
to further processing during the preparation of injectable dos- cefepime related compound B was deleted since this is a
age forms, it contains NMT 0.04 USP Endotoxin Unit/mg of process impurity, which is controlled in the drug substance.
cefepime hydrochloride. The limits reflect approved criteria.

• STERILITY TESTS 〈71〉:  Where the label states that Cefepime •  The test for Organic Impurities, Procedure 1 was revised
Hydrochloride is sterile, it meets the requirements when tested based on a new validated method that significantly im-
as directed in the Test for Sterility of the Product to be Examined, proves the peak shape and chromatographic run time. The
Membrane Filtration. liquid chromatographic procedure is based on analyses per-

• CRYSTALLINITY 〈695〉:  Meets the requirements formed using a Metrohm Metrosep C 4-250 brand of L##
• WATER DETERMINATION, Method I 〈921〉:  3.0%–4.5% column. The typical retention time for N-methylpyrrolidine

is about 9 min.
ADDITIONAL REQUIREMENTS •  The names of the components of USP Cefepime Hydrochlo-
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con- ride System Suitability RS were updated and corrected.

tainers, and store at controlled room temperature.
• LABELING:  Where it is intended for use in preparing injectable

dosage forms, the label states that it is sterile or must be sub-
(MD-ANT: A. Wise.) RTS—C73175; C66274jected to further processing during the preparation of inject-

able dosage forms.

Change to read: Cefepime for Injection

DEFINITION• USP REFERENCE STANDARDS 〈11〉
Cefepime for Injection is a sterile mixture of Cefepime Hydrochlo-USP Cefepime Hydrochloride RS

ride and Arginine. It contains the equivalent of NLT 90.0% andUSP Cefepime Hydrochloride System Suitability RS—This is a
NMT 115.0% of the labeled amount of cefepimemixture of cefepime related compound A ([6R-[6α,7β(E)]]-1-[
(C19H24N6O5S2).[7-[[(2-amino-4-thiazolyl) (methoxyimino)acetyl]amino]-2-

carboxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3- IDENTIFICATION
yl]methyl]-1-methylpyrrolidinium chloride, monohydrochlo- • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
ride, monohydrate; (C19H25ClN6O5S2 · HCl · H2O 571.50); Standard solution:  20 mg/mL of arginine
cefepime related compound B ([6R-trans]-7-[[[2-[[(2-amino-4- Sample solution:  40 mg/mL of Cefepime for Injection
thiazolyl)(methoxyimino)acetyl]amino]-4- Developing solvent system:  n-Propyl alcohol, ammonium
thiazolyl](methoxyimino)acetyl]amino]-3-(1-methylpyr- hydroxide, and water (7:4:5)
rolidinium-1-yl)methyl]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2- Analysis
carboxylic acid, inner salt; (C25H29N9O7S3 663.75); and Samples:  Standard solution and Sample solution
cefepime hydrochloride.▲This is a mixture of cefepime related Proceed as directed in Chromatography 〈621〉, Thin-Layer
compound A (1-({(6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2- Chromatography, except to spray the plate with ninhydrin
(methoxyimino)acetamido]-2-carboxy-8-oxo-5-thia-1-azabi- TS.
cyclo[4.2.0]oct-2-en-3-yl}methyl)-1-methylpyrrolidinium Acceptance criteria:  Arginine appears as a dark red spot. The
chloride hydrochloride, monohydrate; C19H25ClN6O5S2 · HCl · intensity and the RF value of the spot from the Sample solution
H2O 571.50); cefepime related compound B (1-({(6R,7R)-7- correspond to those from the Standard solution.
[(Z)-2-{2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxy- • B.  The retention time of the major peak of the Sample solu-
imino)acetamido]thiazol-4-yl}-2-(methoxyimino)acetamido]-2- tion corresponds to that of the Standard solution, as obtained
carboxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3- in the Assay.
yl}methyl)-1-methylpyrrolidine; C25H29N9O7S3 663.75);
cefepime related compound D ((Z)-2-(2-Aminothiazol-4-yl)-2- ASSAY
(methoxyimino)acetic acid; C6H7N3O3S 201.20); cefepime re-
lated compound E ((6R,7R)-7-Amino-3-[(1-methylpyr-

Change to read:rolidinium-1-yl)methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-
ene-2-carboxylate; C13H19N3O3S 297.37); and cefepime
hydrochloride.▲USP34 • PROCEDUREUSP Endotoxin RS Solution A:  2.88 mg/mL of sodium 1-pentanesulfonate. Ad-

just with glacial acetic acid to a pH of 3.4, and then with
potassium hydroxide TS to a pH of 4.0.

Mobile phase:  Acetonitrile and Solution A (3:47)BRIEFING
Standard solution:  1.4 mg/mL of USP Cefepime Hydrochlo-
ride RS in Mobile phase

Sample solution:  1 mg/mL of cefepime in Mobile phase from
Cefepime for Injection,  USP 32 page 1833. On the basis of one container of Cefepime for Injection, with the volume of
comments received, it is proposed to revise the monograph as water specified in the labeling [NOTE—Using a suitable hypo-
follows: dermic syringe and needle, withdraw the entire contents of

•  The Assay was revised based on a new validated procedure the vial, and dilute in Mobile phase.]
that uses the same chromatographic system as the test for Chromatographic system
Organic Impurities, Procedure 2. The liquid chromatographic (See Chromatography 〈621〉, System Suitability.)
procedure is based on analyses performed using an Inertsil
ODS-3V brand of L1 column. The typical retention time for
cefepime is about 7 min.
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Mode:  LC Mode:  LC
Detector:  UV 254 nm Detector:  UV 254 nm
Column:  3.9-mm × 30-cm; packing L1 Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  2 mL/min Flow rate:  1 mL/min
Injection size:  10 µL Injection size:  10 µL

System suitability System suitability
Sample:  Standard solution Sample:  Standard solution
Suitability requirements Suitability requirements

Column efficiency:  NLT 1500 theoretical plates Tailing factor:  NMT 1.5
Tailing factor:  NMT 1.7 Relative standard deviation:  NMT 2.0%
Relative standard deviation:  NMT 2.0% Analysis

Analysis Samples:  Standard solution and Sample solution
Samples:  Standard solution and Sample solution Calculate the percentage of C19H24N6O5S2 in the portion of
Calculate the percentage of C19H24N6O5S2 in the container of Cefepime for Injection taken:
Cefepime for Injection:

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

rU = peak response from the Sample solution
rU = peak response from the Sample solution rS = peak response from the Standard solution
rS = peak response from the Standard solution CS = concentration of USP Cefepime Hydrochloride RS
CS = concentration of USP Cefepime Hydrochloride RS in the Standard solution (mg/mL)

in the Standard solution (mg/mL) CU = concentration of Cefepime for Injection in the
CU = nominal concentration of cefepime hydrochlo- Sample solution (mg/mL)

ride in the Sample solution (mg/mL) Acceptance criteria:  90.0%–115.0%▲USP34

P = content of cefepime in the USP Cefepime Hydro-  
chloride RS (µg/mg)

Acceptance criteria:  90.0%–115.0% PERFORMANCE TESTS
▲Solution A:  0.68 mg/mL of monobasic potassium phosphate • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirements
in water

IMPURITIESSolution B:  Acetonitrile and Solution A (1:9), adjusted with
2% phosphoric acid or 2% potassium hydroxide to a pH of
5.0 Change to read:Solution C:  Acetonitrile and Solution A (1:1), adjusted with
2% phosphoric acid or 2% potassium hydroxide to a pH of
5.0 Organic Impurities

Mobile phase:  See the gradient table below. Procedure 1: Limit of N-Methylpyrrolidine
Mobile phase:  Acetonitrile and 0.01 N nitric acid (1:100)
Column rinse solution:   Transfer 5.0 mL of nitric acid to aTime Solution B Solution C
1-L volumetric flask. Dilute with water to volume. Transfer (min) (%) (%)
this solution to an appropriate flask, and add 1 L of

0 100 0 acetonitrile.
10 100 0 Standard stock solution:  Weigh 0.16 mL of N-methylpyr-
30 50 50 rolidine. Transfer to a 100-mL volumetric flask, and dilute
35 50 50 with water to volume.

Standard solution:  Standard stock solution and 0.01 N nitric36 100 0
acid (1:24) [NOTE—This solution contains 0.05 mg/mL of N-45 100 0
methylpyrrolidine.]

Sample solution:  10 mg/mL of cefepime in 0.05 N nitricStandard solution:  1.4 mg/mL of USP Cefepime Hydrochlo-
acid from one container of Cefepime for Injection with theride RS in Solution B. [NOTE—Sonicate if necessary. Inject im-
constituted volume of water specified in the labeling [NOTE—mediately or store in a refrigerator and use within 12 h.]
Inject this solution immediately.]Sample solution:   Constitute one container of Cefepime for

Chromatographic systemInjection as directed on the label, and dilute using Solution B
(See Chromatography 〈621〉, System Suitability.)to 1 mg/mL of cefepime. [NOTE—For products that are de-
Mode:  LCsigned for administration with a syringe, withdraw the entire
Detector:  Conductivitywithdrawable contents of the vial and transfer to a suitable

[NOTE—The typical background conductance is 3500 µS.]volumetric flask. Dilute with Solution B to volume. For all other
Column:  4.6-mm × 5-cm; 5-µm packing L52types, transfer the contents of the reconstituted vial quantita-
Guard column:  4.4-mm × 5-cm; packing L17, placed be-tively to a suitable volumetric flask, and dilute with Solution B
tween the pump and the injectorto volume.]

Flow rate:  1 mL/minChromatographic system
Injection size:  100 µL(See Chromatography 〈621〉, System Suitability.)

System suitability
Sample:  Standard solution
Suitability requirements
Retention time:  NLT 8 min for N-methylpyrrolidine
Relative standard deviation:  NMT 5.0%

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of N-methylpyrrolidine in the por-
tion of Cefepime for Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of N-methylpyrrolidine from the
Sample solution
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rS = peak response of N-methylpyrrolidine from the Sample solution:  Constitute one container of Cefepime for
Standard solution Injection with a volume of Solution B equivalent to the vol-

CS = concentration of N-methylpyrrolidine in the ume of solvent specified in the labeling, and shake to dis-
Standard solution (mg/mL) solve. Transfer the constituted solution to a volumetric flask,

CU = nominal concentration of cefepime in the Sam- and dilute with Solution B to obtain a solution having a con-
ple solution (mg/mL) centration of 2 mg of cefepime/mL. [NOTE—Inject this solu-

Acceptance criteria:  NMT 1.0% tion immediately, or store in a refrigerator and inject within
[NOTE—Cefepime from the Sample solution elutes as a broad 12 h.]
peak at 55 min. To minimize equilibration time at the start of Chromatographic system
the next day, it is recommended that the detector be turned (See Chromatography 〈621〉, System Suitability.)
on the night before and that Mobile phase be pumped through Mode:  LC
the system overnight at a flow rate of 0.2 mL/min. After every Detector:  UV 254 nm
Sample solution injection, it is recommended that the chromat- Column:  4.6-mm × 25-cm; 5-µm packing L1
ograph be flushed with Column rinse solution for 30 min at a Flow rate:  1 mL/min
flow rate of 1 mL/min to remove cefepime from the column Injection size:  10 µL
and that the system then be switched back to Mobile phase at System suitability
a flow rate of 1 mL/min for reequilibration.] Samples:  System suitability solution and Sample solution

▲Mobile phase:  Acetonitrile and 0.01 N nitric acid (1:19) Suitability requirements
Standard solution:  0.05 mg/mL of N-methylpyrrolidine in Resolution:  NLT 5 between cefepime and cefepime re-
0.002 N nitric acid lated compound A; NLT 10 between cefepime related

Sample solution:  Equivalent to 5 mg/mL of cefepime hydro- compound A and cefepime related compound B, System
chloride in 0.002 N nitric acid. [NOTE—Inject this solution suitability solution
immediately.] Capacity factor, k’:  NLT 0.6, Sample solution

Chromatographic system Column efficiency:  NLT 4000 theoretical plates, Sample
(See Chromatography 〈621〉, System Suitability.) solution
Mode:  LC Tailing factor:  NMT 1.5, Sample solution
Detector:  Conductivity Analysis
Column:  4.0-mm x 25-cm; 5-µm packing L## Sample:  Sample solution
Flow rate:  1 mL/min Calculate the percentage of each impurity in the portion of
Injection size:  10 µL Cefepime for Injection taken:

System suitability
Result = (rU/rT) × 100Sample:  Standard solution

Suitability requirements
rU = peak response for each impurityRelative standard deviation:  NMT 4.0%
rT = sum of the responses for all the peaksAnalysis

Acceptance criteria:  See Impurity Table 1.Samples:  Standard solution and Sample solution
[NOTE—Record the chromatogram of the Sample solution for
about 6 times the retention time of the N-methylpyrrolidine Impurity Table 1
peak.]

Relative AcceptanceCalculate the percentage of N-methylpyrrolidine in the por-
 Retention Criteria,tion of Cefepime for Injection taken:

Name  Time  NMT (%)
Cefepime 1.0 —Result = (rU/rS) × (CS/CU) × 100
Cefepime related compound A 2.7 0.5

rU = peak response of N-methylpyrrolidine from the Cefepime related compound B 4.3 0.5
Sample solution Any other impurity — 0.5rS = peak response of N-methylpyrrolidine from the
Standard solution ▲Solution A, Solution B, Solution C, Mobile phase, Chroma-

CS = concentration of N-methylpyrrolidine in the tographic system, and Sample solution:  Prepare as di-
Standard solution (mg/mL) rected for Assay.

CU = nominal concentration of cefepime in the Sam- System suitability solution:  1.4 mg/mL of USP Cefepime
ple solution (mg/mL) Hydrochloride System Suitability RS in Solution B

Acceptance criteria:  NMT 1.0%▲USP34 System suitability
• PROCEDURE 2: OTHER ORGANIC IMPURITIES Sample:  System suitability solution

Solution A:  0.68 mg/mL of monobasic potassium phosphate Suitability requirements
Solution B:  Acetonitrile and Solution A (1:9): Adjust with po- [NOTE—See Impurity Table 1 for the relative retention
tassium hydroxide or phosphoric acid to a pH of 5.0. times.]

Solution C:  Acetonitrile and Solution A (1:1): Adjust with po- Resolution:  NLT 2.0 between cefepime related com-
tassium hydroxide or phosphoric acid to a pH of 5.0. pound E and cefepime related compound D

Mobile phase:  See the gradient table below. Tailing factor:  NMT 1.5, cefepime
Analysis

Sample:  Sample solutionTime Solution B Solution C
Calculate the percentage of each impurity in the portion of (min)  (%)  (%)
Cefepime for Injection taken:0 100 0

10 100 0 Result = (rU/rT) × 1/F × 100
30 50 50
35 50 50 rU = peak response for each impurity

rT = sum of the peak responses from the chromato-36 100 0
gram

System suitability solution:  1.4 mg/mL of USP Cefepime F = relative response factor from Impurity Table 1
Hydrochloride System Suitability RS in Solution B Acceptance criteria

[NOTE—The reporting level is 0.2% for cefepime impurity C
and 0.05% for all other related compounds.]
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Individual impurities:  See Impurity Table 1. • USP REFERENCE STANDARDS 〈11〉
Total impurities:  NMT 2.2%. [NOTE—Total impurities in- USP Cefepime Hydrochloride RS
clude N-methylpyrrolidine.] USP Cefepime Hydrochloride System Suitability RS This is a

mixture of cefepime related compound A ([6R-[6α,7β(E)]]-1-[
[7-[[(2-amino-4-thiazolyl) (methoxyimino)acetyl]amino]-2-Impurity Table 1
carboxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-

Relative yl]methyl]-1-methylpyrrolidinium chloride, monohydrochlo-
 Retention Relative Acceptance ride, monohydrate; (C19H25ClN6O5S2 · HCl · H2O 571.50);

 Time  Response Criteria, cefepime related compound B ([6R-trans]-7-[[[2-[[(2-amino-4-
Name (%) Factor NMT (%) thiazolyl)(methoxyimino)acetyl]amino]-4-

thiazolyl](methoxyimino)acetyl]amino]-3-(1-methylpyr-Cefepime amine der- 0.4 — —
rolidinium-1-yl)methyl]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-ivativea,b (cefepime
carboxylic acid, inner salt; (C25H29N9O7S3 663.75); andrelated compound E)
cefepime hydrochloride.▲This is a mixture of cefepime relatedThiazolylglyoxalic 0.5 — —
compound A (1-({(6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-methyloximea,c

(methoxyimino)acetamido]-2-carboxy-8-oxo-5-thia-1-azabi-(cefepime related
cyclo[4.2.0]oct-2-en-3-yl}methyl)-1-methylpyrrolidiniumcompound D)
chloride hydrochloride, monohydrate; C19H25ClN6O5S2 · HCl ·

Thiazolyloxime 0.6 0.63 0.5 H2O 571.50); cefepime related compound B (1-({(6R,7R)-7-
acetaldehyded

[(Z)-2-{2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxy-
(cefepime related imino)acetamido]thiazol-4-yl}-2-(methoxyimino)acetamido]-2-
compound C) carboxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-

Cefepime dimera,e 0.8 1.0 — yl}methyl)-1-methylpyrrolidine; C25H29N9O7S3 663.75);
(cefepime related cefepime related compound D ((Z)-2-(2-Aminothiazol-4-yl)-2-
compound F) (methoxyimino)acetic acid; C6H7N3O3S 201.20); cefepime re-

Cefepime 1.0 — — lated compound E ((6R,7R)-7-Amino-3-[(1-methylpyr-
E-Cefepimef (cefepime 2.7 0.71 0.5 rolidinium-1-yl)methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-
related compound A) ene-2-carboxylate; C13H19N3O3S 297.37); and cefepime

hydrochloride.▲USP34Cefepime dioximea,g 4.3 — —
USP Endotoxin RS(cefepime related

compound B)
Any individual unspec- — 1.0 0.5
ified impurity BRIEFING

a These impurities are synthetic process impurities that are controlled in the
drug substance. They are listed here for reference only.
 b (6R,7R)-7-Amino-3-[(1-methylpyrrolidinium-1-yl)methyl]-8-oxo-5-thia-1-azabi-

Cetirizine Hydrochloride and Pseudoephedrine Hydro-cyclo[4.2.0]oct-2-ene-2-carboxylate.
chloride Extended-Release Tablets.  Because there is no ex- c (Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetic acid.
isting USP monograph for this drug product, a new monograph, d (Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)-N-(2-oxoethyl)acetamide.
based on validated methods of analysis is being proposed. The e 1-{[(6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-2-
liquid chromatographic procedures in the Assay for Cetirizine Hy-{(6R,7R)-2-carboxy-3-[(1-methylpyrrolidinium-1-yl)methyl]-8-oxo-5-thia-1-azabi-
drochloride and in the test for Organic Impurities, Procedure 1:cyclo[4.2.0]oct-2-en-7-ylcarbamoyl}-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-
Cetirizine Hydrochloride Related Compounds are based on analysesyl]methyl}-1-methylpyrrolidinium chloride.
performed with a Symmetry Shield RP18 brand of L1 column. f 1-({(6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-2-
The typical retention time for cetirizine is 19.5 min. The liquidcarboxy-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-yl}methyl)-1-methylpyr-
chromatographic procedures in the Assay for Pseudoephedrinerolidinium chloride.
and in the Dissolution test are based on analyses performed with g 1-({(6R,7R)-7-[(Z)-2-{2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimi-
a Zorbax SCX-300 brand of L9 column. The typical retentionno)acetamido]thiazol-4-yl}-2-(methoxyimino)acetamido]-2-carboxy-8-oxo-5-
time for pseudoephedrine in the Assay is 5.9 min. In the Dissolu-thia-1-azabicyclo[4.2.0]oct-2-en-3-yl}methyl)-1-methylpyrrolidinium chloride.
tion test, the typical retention times are about 1.8 min for ce-

▲USP34 tirizine and 5.5 min for pseudoephedrine. The liquid chromato-
graphic procedures in the test for Organic Impurities, Procedure 2:

SPECIFIC TESTS Pseudoephedrine Hydrochloride Related Compounds are based on
• INJECTIONS, Constituted Solutions 〈1〉:  At the time of use, it analyses performed with a Synergi Polar-RP brand of L9 column.

meets the requirements. The typical retention times are 17.4 min for ephedrine and 18.3
• BACTERIAL ENDOTOXINS TEST 〈85〉:  NMT 0.06 USP Endotoxin min for pseudoephedrine.

Unit/mg of cefepime
• STERILITY TESTS 〈71〉:  Meets the requirements when tested as

directed for Test for Sterility of the Product to Be Examined,
(MD-PP: H. Ramanathan, D.Vicchio. BPC: M.Marques.) RTS—Membrane Filtration
C77755• PH 〈791〉:  4.0–6.0, in a solution containing 100 mg/mL of

cefepime
• WATER DETERMINATION, Method I 〈921〉:  NMT 4.0%
• OTHER REQUIREMENTS:  Meets the requirements for Injections

〈1〉, Labels and Labeling
Add the following:

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-

tainers as described under Injections 〈1〉, Containers for Sterile ▲Cetirizine Hydrochloride and
Solids, and store in a refrigerator or at controlled room tem- Pseudoephedrine Hydrochlorideperature. Store reconstituted powder in a refrigerator for NMT Extended-Release Tablets7 days.

• LABELING:  Label it to indicate that it is to be diluted with a
DEFINITIONsuitable parenteral vehicle before intravenous infusion.
Cetirizine Hydrochloride and Pseudoephedrine Hydrochloride Ex-

tended-Release Tablets contain NLT 90.0% and NMT 110.0%
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of the labeled amount of cetirizine (C21H25ClN2O3 · 2HCl) and Mobile phase:  Acetonitrile and Buffer (3:7)
pseudoephedrine (C10H15NO · HCl). Standard solution:  0.5 mg/mL of USP Pseudoephedrine Hy-

drochloride RS in Mobile phase. [NOTE—Sonicate to dissolve.]
IDENTIFICATION Sample stock solution:  2.4 mg/mL of pseudoephedrine hy-
• The retention times of the major peaks of the Sample solution drochloride (from 5 finely powdered Tablets) prepared as fol-

correspond to those of the Standard solution, as obtained in lows. Dissolve the crushed Tablets first in acetonitrile, using
the Assay. 24% of the final flask volume. Sonicate for NLT 15 min. To

the solution add a volume of Buffer equal to 56% of the finalASSAY flask volume. Sonicate for NLT 15 min. Shake the flask for NLT• CETIRIZINE HYDROCHLORIDE 10 min. Allow the solution to equilibrate to room tempera-Buffer:  3.5 g of monobasic ammonium phosphate and 1.0 g ture. Dilute with Mobile phase to volume. Centrifuge a portionof tetrabutylammonium bisulfate in 1 L of water. Adjust with for 15 min to obtain a clear supernatant.phosphoric acid to a pH of 2.5. Sample solution:  0.5 mg/mL of pseudoephedrine hydrochlo-Diluent:  Methanol and Buffer (2:3) ride in Mobile phase, from the Sample stock solution. Pass theSolution A:  Acetonitrile, methanol, and Buffer (9:2:29) solution through a 0.45-µm membrane filter.Solution B:  Acetonitrile Chromatographic systemMobile phase:  See the gradient table below. (See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 254 nmTime Solution A Solution B
Column:  4.6-mm × 15-cm; 5-µm packing L9 (min) (%) (%)
Flow rate:  1.5 mL/min0 100 0
Injection size:  25 µL27.0 100 0 Run time:  2 times the retention time of pseudoephedrine

30.0 0 100 System suitability
30.1 100 0 Sample:  Standard solution
35.0 100 0 Suitability requirements

Column efficiency:  NLT 1000 theoretical plates
Standard stock solution:  0.5 mg/mL of USP Cetirizine Hy- Tailing factor:  NMT 2.0
drochloride RS in Diluent. [NOTE—Sonicate to dissolve.] Relative standard deviation:  NMT 2.0%

Standard solution:  0.025 mg/mL of USP Cetirizine Hydro- Analysis
chloride RS in Diluent from the Standard stock solution Samples:  Standard solution and Sample solution

Sample solution:  0.025 mg/mL of cetirizine hydrochloride Calculate the percentage of pseudoephedrine (C10H15NO) in
(from NMT 10 finely powdered Tablets) prepared as follows. the portion of Tablets taken:
Dissolve the Tablets first in methanol, using 22.5% of the final
flask volume. Sonicate for NLT 20 min with vigorous swirling Result = (rU/rS) × (CS/CU) × 100
every 5 min. To the solution add a volume of Buffer equal to
26% of the final flask volume. Allow the solution to equilibrate rU = peak response of pseudoephedrine from the
to room temperature. Dilute with Diluent to volume. Pass a Sample solution
portion through a 0.45-µm membrane filter. rS = peak response of pseudoephedrine from the

Chromatographic system Standard solution
(See Chromatography 〈621〉, System Suitability.) CS = concentration of USP Pseudoephedrine Hydro-
Mode:  LC chloride RS in the Standard solution (mg/mL)
Detector:  UV 230 nm CU = nominal concentration of pseudoephedrine hy-
Column:  4.6-mm × 15-cm; 3.5-µm packing L1 drochloride in the Sample solution (mg/mL)
Flow rate:  1.0 mL/min Acceptance criteria:  90.0%–110.0%
Injection size:  25 µL

PERFORMANCE TESTSColumn temperature:  30°
• DISSOLUTION 〈711〉Autosampler temperature:  5°

Medium:  0.1 N hydrochloric acid; 500 mLSystem suitability
Apparatus 1:  100 rpmSample:  Standard solution
Time:  30 min for cetirizine hydrochloride and 30 min (usedSuitability requirements
only for adjustments in the calculations), 1, 2, and 6 h forColumn efficiency:  NLT 3000 theoretical plates
pseudoephedrine hydrochlorideTailing factor:  NMT 1.5

Buffer:  0.77 g/L of ammonium acetate in water. To 1 L of theRelative standard deviation:  NMT 2.0%
solution add 1.0 mL of triethylamine. Adjust with glacial aceticAnalysis
acid to a pH of 4.5 ± 0.05.Samples:  Standard solution and Sample solution

Mobile phase:  Acetonitrile and Buffer (3:7)Calculate the percentage of cetirizine (C21H25ClN2O3 · 2HCl)
Standard stock solution:  0.5 mg/mL of USP Cetirizine Hy-in the portion of Tablets taken:
drochloride RS in water

Standard solution:  0.24 mg/mL of USP Pseudoephedrine Hy-Result = (rU/rS) × (CS/CU) × 100
drochloride RS and 0.01 mg/mL of USP Cetirizine Hydroclo-

rU = peak response of cetirizine from the Sample solu- ride RS in Medium from the Standard stock solution
tion Sample solution:  At the times specified, withdraw 5 mL of

rS = peak response of cetirizine from the Standard so- the solution under test, and pass through a suitable 0.45-µm
lution filter, discarding the first few mL.

CS = concentration of USP Cetirizine Hydrochloride RS Chromatographic system
in the Standard solution (mg/mL) (See Chromatography 〈621〉, System Suitability.)

CU = nominal concentration of cetirizine hydrochloride Mode:  LC
in the Sample solution (mg/mL) Detector:  UV, 230 nm for cetirizine hydrochloride, 254 nm

Acceptance criteria:  90.0%–110.0% for pseudoephedrine hydrochloride
•  PSEUDOEPHEDRINE HYDROCHLORIDE

Buffer:  0.8 g/L of ammonium acetate in water. To 1 L of the
solution add 1.0 mL of triethylamine. Adjust with glacial acetic
acid to a pH of 4.5.
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Column:  4.6-mm × 15-cm; 5-µm packing L9 Time Solution A Solution B
Flow rate:  1.5 mL/min (min) (%) (%)
Injection size:  25 µL 65 60 40
Run time:  2 times the retention time of pseudoephedrine

65.1 100 0System suitability
75 100 0Sample:  Standard solution

Suitability requirements Standard stock solution:  0.5 mg/mL of USP Cetirizine Hy-Tailing factor:  NMT 2.0 for both cetirizine and drochloride RS in Diluent. [NOTE—Sonicate to dissolve.]pseudoephedrine Standard solution:  1 µg/mL of USP Cetirizine HydrochlorideRelative standard deviation:  NMT 2.0% for both ce- RS in Diluent from the Standard stock solutiontirizine and pseudoephedrine Sample stock solution:  0.5 mg/mL of cetirizine hydrochlo-Calculate the percentage of cetirizine hydrochloride dissolved: ride (from NMT 10 finely powdered Tablets) prepared as fol-
lows. Dissolve the Tablets first in methanol, using 70% of theResult = (rU/rS) × (CS/L) × V × 100
final flask volume. Sonicate for 15 min, and then shake for
15 min. Allow the solution to cool to room temperature, andrU = peak response of cetirizine from the Sample solu-
dilute with methanol to volume. Centrifuge a portion for 10tion
min.rS = peak response of cetirizine from the Standard so-

Sample solution:  0.2 mg/mL of cetirizine hydrochloride inlution
Buffer, from the Sample stock solution. Pass a portion throughCS = concentration of cetirizine hydrochloride in the
a suitable 0.45-µm membrane filter.Standard solution

Chromatographic systemL = cetirizine hydrochloride Tablet label claim (mg)
(See Chromatography 〈621〉, System Suitability.)V = volume of Medium, 500 mL
Mode:  LCCalculate the percentage of pseudoephedrine hydrochloride
Detector:  UV 230 nmdissolved at each time point:
Column:  4.6-mm × 25-cm; 5-µm packing L3
Flow rate:  1 mL/minQ30 = (rU/rS) × (CS/L) × V × 100
Injection size:  10 µL

System suitability
Q1 = (Q30 × 5/500) + [(rU/rS) × (CS/L) × 495 × 100] Sample:  Standard solution

Suitability requirements
Column efficiency:  NLT 1300 theoretical plates

Q2 = (Q30 × 5/500) + (Q1 × 5/495) + [(rU/rS) × (CS/L) × 490 × Tailing factor:  NMT 2.0
100] Relative standard deviation:  NMT 5.0%

Analysis
Samples:  Standard solution and Sample solutionQ6 = (Q30 × 5/500) + (Q1 × 5/495) + (Q2 × 5/490) + [(rU/rS) × Calculate the percentage of each impurity in the portion of(CS/L) × 485 × 100] Tablets taken:

rU = peak response of pseudoephedrine from the Result = (rU/rS) × (CS/CU) × (1/F) × 100Sample solution
rS = peak response of pseudoephedrine from the rU = peak response of the individual impurity fromStandard solution the Sample solutionCS = concentration of pseudoephedrine in the Stan- rS = peak response of cetirizine from the Standard so-dard solution lutionL = pseudoephedrine hydrochloride Tablet label claim CS = concentration of USP Cetirizine Hydrochloride RS(mg) in the Standard solution (mg/mL)V = initial volume of Medium, 500 mL CU = nominal concentration of cetirizine hydrochlorideTolerances:  NLT 80% (Q) of the labeled amount of cetirizine in the Sample solution (mg/mL)hydrochloride is dissolved in 30 min. The percentage of the F = relative response factor (see Impurity Table 1)labeled amount of pseudoephedrine hydrochloride dissolved Acceptance criteriaat times specified conform to Acceptance Table 2. [NOTE—Disregard any peak less than 0.05% of the main

peak.]
Individual impurities:  See Impurity Table 1.Time
Total cetirizine impurities:  NMT 0.8%(h) Amount Dissolved

1 30%–50%
Impurity Table 12 50%–70%

6 NLT 80% Relative Relative Acceptance
Retention  Response Criteria,

Name Time  Factor NMT (%)IMPURITIES
Cetirizineethanola 0.54 1.4 0.3Organic Impurities

• PROCEDURE 1: CETIRIZINE HYDROCHLORIDE RELATED COMPOUNDS Chlorobenzhydryl pi- 0.57 1.5 0.3
Buffer, Diluent, Solution A and Solution B:  Proceed as di- perazine (CBHP)b

rected in the Assay for Cetirizine. Cetirizine 1.0 — —
Mobile phase:  See the gradient table below. Cetirizine acetic acidc 1.30 1.2 0.3

a 2-[4-[(4-Chlorophenyl)phenylmethyl]piperazin-1-yl]ethanol.
Time Solution A Solution B  b 1-[(4-Chlorophenyl)phenylmethyl]piperazine.
(min) (%) (%)  c 2-[4-[(4-Chlorophenyl)phenylmethyl]piperazin-1-yl]acetic acid.

0 100 0  d 2-[4-[(4-Chlorophenyl)phenylmethyl]-1-oxide-1-piperazinyl] ethoxy]acetic
acid.27 100 0

45 60 40
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Impurity Table 1 (continued) rU = peak response of the individual impurity from the
Sample solution

Relative Relative Acceptance rS = peak response of pseudoephedrine from the
Retention  Response Criteria, Standard solution

Name Time  Factor NMT (%) CS = concentration of USP Pseudoephedrine Hydro-
Cetirizine N-Oxided 1.47 1.2 0.3 chloride RS in the Standard solution (mg/mL)
Any unspecified degra- — 1.0 0.2 CU = nominal concentration of pseudoephedrine hy-
dation product drochloride in the Sample solution (mg/mL)

F = relative response factor (see Impurity Table 2)a 2-[4-[(4-Chlorophenyl)phenylmethyl]piperazin-1-yl]ethanol.
Acceptance criteria b 1-[(4-Chlorophenyl)phenylmethyl]piperazine.

[NOTE—Disregard any peak less than 0.05% of the main c 2-[4-[(4-Chlorophenyl)phenylmethyl]piperazin-1-yl]acetic acid.
peak.] d 2-[4-[(4-Chlorophenyl)phenylmethyl]-1-oxide-1-piperazinyl] ethoxy]acetic

Individual impurities:  See Impurity Table 2.acid.
Total pseudoephedrine related impurities:  NMT 0.5%

• PROCEDURE 2: PSEUDOEPHEDRINE HYDROCHLORIDE RELATED Total cetirizine and pseudoephedrine related impurities:
COMPOUNDS NMT 1.0%

Buffer:  11.2 g/L of sodium perchlorate in water. Adjust with
hydrochloric acid to a pH of 2.7.

Impurity Table 2Solution A:  Methanol and Buffer (3:17)
Solution B:  Methanol and Buffer (1:1) Relative Relative Acceptance
Diluent:  Solution A  Retention Response Criteria,
Mobile phase:  See the gradient table below. Impurity Name Time Factor NMT (%)

Ephedrinea* 0.95 — —
Time Solution A Solution B Pseudoephedrine 1.0 — —
(min) (%) (%) Methcathinoneb 1.1 1.1 0.2

0 100 0 Any unspecified deg- — 1.0 0.2
10 100 0 radation product
35 28 72 * For system suitability and identification purposes.

 a [R-(R*,S*)]-α-[1-(Methylamino)ethyl]-benzenemethanol.
Standard stock solution:  0.48 mg/mL of USP Pseudoephed-  b 2-Methylamino-1-phenylpropan-1-one.
rine Hydrochloride RS in Diluent  

Standard solution:  4.8 µg/mL of USP Pseudoephedrine Hy-
ADDITIONAL REQUIREMENTSdrochloride RS in Diluent from the Standard stock solution
• PACKAGING AND STORAGE:  Preserve in well-closed containers.System suitability stock solution:  49 µg/mL of ephedrine in

Store at controlled room temperature.Diluent from USP Ephedrine Sulfate RS
• USP REFERENCE STANDARDS 〈11〉System suitability solution:  1.96 µg/mL of ephedrine and

USP Cetirizine Hydrochloride RS0.46 mg/mL of USP Pseudoephedrine Hydrochloride RS in
[[2-[4-[(4-Chlorophenyl)phenylmethyl]-1-piperazinyl]ethoxy],Standard stock solution from the System suitability stock solution
dihydrochloride (+/–) acetic acid]and the Standard stock solution, respectively
(C21H25ClN2O3 · 2HCl  461.81)Sample stock solution:  2.4 mg/mL of pseudoephedrine hy-

USP Ephedrine Sulfate RSdrochloride (from NMT 25 finely powdered Tablets) prepared
[[R-(R*,S*)], α-[1-(Methylamino)ethyl]-benzenemethanol sul-as follows. Dissolve the Tablets first in methanol, using 75% of
fate (2:1 salt)]the final flask volume. Sonicate for NLT 15 min, and then
((C10H15NO)2 · H2SO4  428.54)shake for 15 min. Allow the solution to cool to room tempera-

 USP Pseudoephedrine Hydrochloride RSture, and dilute with methanol to volume. Centrifuge a por-
[[S- (R*,R*)], α-[1-(Methylamino)ethyl] benzenemethanoltion for 10 min.
hydrochloride]Sample solution:  0.48 mg/mL of pseudoephedrine hydro-
(C10H15NO · HCl  201.69)▲USP34chloride in Diluent, from the Sample stock solution. Pass a por-

tion through a suitable 0.45-µm membrane filter.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

BRIEFINGMode:  LC
Detector:  UV 212 nm
Column:  4.6-mm × 25-cm; 4-µm packing L11

Chlorhexidine Acetate,  page 4040 of the First Supplement. ItFlow rate:  1.0 mL/min
is proposed to delete Identification tests B and C. The remainingInjection size:  30 µL
identification test by infrared absorption is capable of identifyingColumn temperature:  40°
the drug substance and does not require supplementation bySystem suitability
the wet chemistry test and melting point determination.Sample:  System suitability solution and Standard solution

As chlorhexidine acetate is only sparingly soluble in water, it isSuitability requirements
proposed to use Solution A to prepare the Standard solution andResolution:  NLT 1.3 between ephedrine and pseudo-
the Sample solution in the Assay and the test for Organic Impuri-ephedrine, System suitability solution
ties, as well as the System suitability solution in the Assay. AsTailing factor:  NMT 1.5, Standard solution
Diluent is now used only for the System suitability solution in theRelative standard deviation:  NMT 3.0%, Standard
test for Organic Impurities, its preparation is moved from thesolution
Assay to Organic Impurities.Analysis

It is also proposed to employ direct preparation of the SampleSamples:  Standard solution and Sample solution
solution and Standard solutions in the Assay and Organic Impuri-Calculate the percentage of each impurity in the portion of
ties, and to delete the requirement to prepare the StandardTablets taken:
stock solution and the Sample stock solution.

Result = (rU/rS) × (CS/CU) × (1/F) × 100
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In the Assay, a Note is added to provide approximate relative ▲
▲USP34

retention times for the components of the System suitability Solution A:  27.6 g of monobasic sodium phosphate and 10
solution. mL of triethylamine in 1.5 L of water. Adjust with phosphoric

acid to a pH of 3.0, and dilute with water to 2000 mL. Pre-
pare a mixture of acetonitrile and this solution (3:7).

Solution B:  Acetonitrile(VET: E. Gonikberg.) RTS—C74962 Mobile phase:  Use variable mixtures of Solution A and Solu-
tion B as directed below.

Time Solution A Solution B
(min) (%) (%)Add the following:

0 100 0
9 100 0

■Chlorhexidine Acetate 10 45 55
15 45 55
16 100 0
21 100 0

Standard stock solution:  1 mg/mL of USP Chlorhexidine
Acetate RS in water

C22H30Cl2N10 · 2C2H4O2 625.55 ▲
▲USP34

 2,4,11,13-Tetraazatetradecanediimidamide,N,N′′-bis(4- Standard solution:  50 µg/mL of USP Chlorhexidine Acetate
chlorophenyl)-3,12-diimino-, diacetate; RS in Diluent, from Standard stock solution▲Solution A▲USP34

1,1′-Hexamethylenebis[5-(p-chlorophenyl)biguanide] diacetate System suitability solution:  50 µg/mL of USP Chlorhexidine
[56-95-1]. Acetate RS and 1 µg/mL of USP p-Chloroaniline RS in Diluent

▲Solution A▲USP34DEFINITION Sample stock solution:  1 mg/mL of Chlorhexidine Acetate in
Chlorhexidine Acetate contains NLT 98.0% and NMT 101.0% of water

C22H30Cl2N10 · 2C2H4O2, calculated on the dried basis. ▲
▲USP34

Sample solution:  50 µg/mL of Chlorhexidine Acetate in Dilu-IDENTIFICATION
ent, from Sample stock solution▲Solution A▲USP34

Chromatographic system
Change to read: (See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Detector:  UV 239 nm

• A.▲▲USP34 INFRARED ABSORPTION 〈197K〉 Column:  4.6-mm × 25-cm; base-deactivated 5-µm packing
L1

Temperature:  40°Delete the following:
Flow rate:  1.5 mL/min
Injection size:  50 µL

System suitability▲• B. PROCEDURE
Sample:  System suitability solutionSample solution:  Dissolve 5 mg in 5 mL of a 1-in-100 solu-

▲[NOTE—The approximate relative retention times fortion of cetyltrimethylammonium bromide, add 1 mL of 10 N
chlorhexidine and p-chloroaniline are about 1.0 and 1.3,sodium hydroxide, and 1 mL of bromine TS.
respectively.]▲USP34Acceptance criteria:  A deep red color is produced.▲USP34

Suitability requirements
Resolution:  NLT 3 between chlorhexidine and p-

Delete the following: chloroaniline
Relative standard deviation:  NMT 2.0% for chlorhexidine
and NMT 5.0% for p-chloroaniline▲• C. MELTING RANGE OR TEMPERATURE 〈741〉

AnalysisSample:  Dissolve 0.3 g in 10 mL of 6 N hydrochloric acid,
Samples:  Standard solution and Sample solutionadd 40 mL of water, filter if necessary, and cool the solution
Calculate the percentage of C22H30Cl2N10 · 2C2H4O2 in thein ice. Add 10 N sodium hydroxide dropwise with stirring until
portion of Chlorhexidine Acetate taken:the solution is alkaline to thiazol yellow paper, and add 1 mL

in excess. Filter, wash the precipitate with water until the Result = (rU/rS) × (CS/CU) × 100washings are free from alkali, recrystallize the residue from
70% alcohol, and dry the crystals at 105°. rU = peak response of chlorhexidine from the Sample

Acceptance criteria:  The crystals melt between 132° and solution
136°.▲USP34 rS = peak response of chlorhexidine from the Stan-

dard solution
ASSAY CS = concentration of USP Chlorhexidine Acetate RS

in the Standard solution (µg/mL)
CU = concentration of Chlorhexidine Acetate in theChange to read:

Sample solution (µg/mL)

• PROCEDURE
Diluent:  27.6 g of monobasic sodium phosphate in 1.5 L of
water. Adjust with phosphoric acid to a pH of 3.0, and dilute
with water to 2000 mL.
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Acceptance criteria:  98.0%–101.0% on the dried basis SPECIFIC TESTS
• LIMIT OF p-CHLOROANILINE

IMPURITIES Solution A, Solution B, Mobile phase, System suitability so-
Inorganic Impurities lution, and Chromatographic system:  Proceed as directed
• RESIDUE ON IGNITION 〈281〉:  NMT 0.15% in the Assay.

Standard solution:  1.0 µg/mL of USP p-Chloroaniline RS in
Solution AChange to read:

Sample solution:  2.0 mg/mL of Chlorhexidine Acetate in So-
lution A

AnalysisOrganic Impurities
Samples:  Standard solution and Sample solution• PROCEDURE

Acceptance criteria:  The p-chloroaniline peak area of theDiluent, ▲
▲USP34 Solution A and Solution B :  Proceed as di-

Sample solution is NMT the p-chloroaniline peak area in therected in the Assay.
Standard solution (NMT 500 ppm).▲Diluent:  27.6 g of monobasic sodium phosphate in 1.5 L of

• LOSS ON DRYING 〈731〉:  Dry a sample at 105° to constantwater. Adjust with phosphoric acid to a pH of 3.0, and dilute
weight: it loses NMT 3.5% of its weight.with water to 2000 mL.▲USP34

Mobile phase:  Use variable mixtures of Solution A and Solu- ADDITIONAL REQUIREMENTStion B as directed below. • PACKAGING AND STORAGE:  Preserve in well-closed, light-resis-
tant containers.

• USP REFERENCE STANDARDS 〈11〉Time Solution A Solution B
USP Chlorhexidine Acetate RS(min) (%) (%)
USP Chlorhexidine Related Compounds RS0 100 0
USP p-Chloroaniline RS■1S (USP32)15 100 0

16 45 55
21 45 55

BRIEFING22 100 0
27 100 0

Sample stock solution:  10 mg/mL of Chlorhexidine Acetate Chlorhexidine Acetate Topical Solution.  Because there is
in water no existing USP monograph for this dosage form, a new mono-

▲
▲USP34 graph is being proposed. The liquid chromatographic proce-

Sample solution:  2 mg/mL of Chlorhexidine Acetate in Dilu- dures in the test for Limit of p-Chloroaniline and in the Assay are
ent, from Sample stock solution▲Solution A▲USP34 based on analyses performed with the 5-µm Phenomenex Luna

Standard solution A:  0.06 mg/mL of Chlorhexidine Acetate C18 and Waters Symmetry C18 brands of L1 column, respec-
in Diluent▲Solution A,▲USP34 from Sample solution tively. The typical retention times are about 5–6 min for

Standard solution B:  1.2 µg/mL of Chlorhexidine Acetate in chlorhexidine and about 7.5 min for  p-chloroaniline.
Diluent▲Solution A,▲USP34 from Standard solution A

System suitability solution:  10 mg of USP Chlorhexidine
Related Compounds RS to a 10-mL volumetric flask. Dissolve

(VET: E. Gonikberg.) RTS—C58510in 2 mL of acetonitrile, and dilute with Diluent to volume.
Chromatographic system:  Proceed as directed in the Assay.
[NOTE—Injection size is 20 µL.]

System suitability
Sample:  System suitability solution
[NOTE—The relative retention times for the main related Add the following:
compound peak and chlorhexidine are 0.6 and 1.0,
respectively.]

▲Chlorhexidine Acetate Topical SolutionSuitability requirements
Resolution:  The two peaks between the main related
compound peak and the chlorhexidine peak should be at DEFINITION
least partially resolved from each other and completely Chlorhexidine Acetate Topical Solution contains NLT 90.0% and
resolved from the chlorhexidine peak. NMT 110.0% of the labeled amount of chlorhexidine acetate

Analysis (C22H30Cl2N10 · 2C2H4O2).
Samples:  Standard solution A, Standard solution B, and

IDENTIFICATIONSample solution
• A.  The retention time of the major peak for chlorhexidineCalculate the percentage of each impurity in the portion of

from the Sample solution corresponds to that of the StandardChlorhexidine Acetate taken:
solution, as obtained in the Assay.

Result = (rU/rS) × (CS/CU) × 100 • B. IDENTIFICATION TESTS—GENERAL, Acetate 〈191〉:  Meets the
requirements of the lanthanum nitrate test

rU = peak response of each impurity from the Sample Sample:  Evaporate or dilute a volume of Topical Solution
solution containing the equivalent of about 5 mg of chlorhexidine ace-

rS = peak response of chlorhexidine from Standard so- tate to about 5 mL.
lution A

ASSAYCS = concentration of chlorhexidine acetate in Stan-
• PROCEDUREdard solution A (µg/mL)

Solution A:  Dissolve 27.6 g of monobasic sodium phosphateCU = concentration of Chlorhexidine Acetate in the
and 10 mL of triethylamine in 1.5 L of water. Adjust withSample solution (µg/mL)
phosphoric acid to a pH of 3.0, and dilute with water to 2000Acceptance criteria
mL. Prepare a mixture of the resulting solution and acetoni-Total impurities:  NMT 3.0%. [NOTE—Disregard any peak
trile (70:30).less than the area of the chlorhexidine peak as obtained

from Standard solution B.]
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Solution B:  Acetonitrile Analysis
Mobile phase:  See the gradient table below. Samples:  Standard solution and Sample solution

Acceptance criteria:  The p-chloroaniline peak area from the
Sample solution is NMT the p-chloroaniline peak area from

Time Solution A Solution B the Standard solution (NMT 500 ppm, calculated with refer-
(min) (%) (%) ence to the nominal content of chlorhexidine acetate).

0 100 0
SPECIFIC TESTS9 100 0
• PH 〈791〉:  5.0–7.010 45 55

15 45 55 ADDITIONAL REQUIREMENTS
16 100 0 • PACKAGING AND STORAGE:  Preserve in well-closed containers,
21 100 0 protected from light.

• LABELING:  Label it to indicate that it is for veterinary use only.
System suitability solution:  50 µg/mL of USP Chlorhexidine • USP REFERENCE STANDARDS 〈11〉
Acetate RS and 1 µg/mL of USP p-Chloroaniline RS in Solution USP Chlorhexidine Acetate RS
A USP p-Chloroaniline RS▲USP34

Standard solution:  40 µg/mL of USP Chlorhexidine Acetate
RS in Solution A

Sample solution:  Nominally 40 µg/mL of chlorhexidine ace-
tate from the Topical Solution, prepared as follows. Transfer an BRIEFING
amount of Topical Solution equivalent to 20 mg of chlorhex-
idine acetate to a 100-mL volumetric flask, and dilute with
methanol to volume. Further dilute a 10-mL portion of this Chlorhexidine Gluconate Solution,  UPS 32 page 1899 and
solution with Solution A to 50 mL. page 4042 of the First Supplement. Comments were received

Chromatographic system that the concentration of the Standard solution in Identification
(See Chromatography 〈621〉, System Suitability.) test D needs to be changed to 20 mg/mL to be consistent with
Mode:  LC the gluconate concentration in the Sample solution. It is also pro-
Detector:  UV 239 nm posed to delete Identification test B and Identification test C, as
Column:  4.6-mm × 25-cm; 5-µm packing L1 the remaining identification tests are capable of identifying the
Temperature:  40° active ingredient and do not require supplementation by the
Flow rate:  1.5 mL/min wet chemistry test and melting point determination.
Injection size:  50 µL Because chlorhexidine acetate is only sparingly soluble in water, it

System suitability is proposed to use Solution A to prepare the Standard solution,
Sample:  System suitability solution the System suitability solution, and the Sample solution in the
[NOTE—The approximate relative retention times for Assay.
chlorhexidine and p-chloroaniline are about 1.0 and 1.3, It is also proposed to simplify the preparation of the Standard
respectively.] solution in the Assay. A note is added to provide approximate

Suitability requirements relative retention times for the components of the System suita-
Resolution:   NLT 3.0 between chlorhexidine and p- bility solution.
chloroaniline It is proposed to revise the test for Limit of p-Chloroaniline to

Relative standard deviation:  NMT 2.0% for the chlorhex- simplify the preparations and the procedure.
idine peak, NMT 5.0% for the p-chloroaniline peak

Analysis
Samples:  Standard solution and Sample solution

(VET: E. Gonikberg.) RTS—C74962Calculate the percentage of C22H30Cl2N10 · 2C2H4O2 in the
portion of Topical Solution taken:

Result = (rU/rS) × (CS/CU) × 100
Chlorhexidine Gluconate Solution

rU = peak area of chlorhexidine from the Sample solu-
tion C22H30Cl2N10 · 2C6H12O7 897.76

rS = peak area of chlorhexidine from the Standard so- 2,4,11,13-Tetraazatetradecanediimidamide, N,N′′-bis(4-
lution chlorophenyl)-3,12-diimino-, di-D-gluconate;

CS = concentration of USP Chlorhexidine Acetate RS 1,1′-Hexamethylenebis[5-(p-chlorophenyl)biguanide] di-D-
in the Standard solution (µg/mL) gluconate [18472-51-0].

CU = nominal concentration of chlorhexidine acetate
in the Sample solution (µg/mL) DEFINITION

Acceptance criteria:  90.0%–110.0% Chlorhexidine Gluconate Solution is an aqueous solution of
chlorhexidine gluconate. It contains NLT 19.0% and NMT

IMPURITIES 21.0% of C22H30Cl2N10 · 2C6H12O7 (w/v).
Organic Impurities
• PROCEDURE: LIMIT OF p-CHLOROANILINE IDENTIFICATION

Solution A, Solution B, Mobile phase, System suitability so- • A. INFRARED ABSORPTION 〈197K〉
lution, and Chromatographic system:  Proceed as directed Standard solution:  5 mg/mL of USP Chlorhexidine RS in
in the Assay. 70% alcohol. Recrystallize this solution, and dry the crystals at

Standard solution:  1.0 µg/mL of USP p-Chloroaniline RS in 105° for 1 h.
Solution A Sample solution:  To 1 mL of Solution add 40 mL of water,

Sample solution:  Nominally 2.0 mg/mL of chlorhexidine and cool in ice. Add 10 N sodium hydroxide, dropwise with
acetate from the Topical Solution, prepared as follows. Trans- stirring, until the solution produces a red color on thiazole
fer an amount of Topical Solution equivalent to 200 mg of yellow paper, and add 1 mL in excess. Filter, wash the precipi-
chlorhexidine acetate to a 100-mL volumetric flask, and di- tate with water until the washings are free from alkali, recrys-
lute with Solution A to volume. tallize the residue from 70% alcohol, and dry the crystals at

105° for 1 h.
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Standard solution:  1 mg/mL of USP Chlorhexidine AcetateDelete the following:
RS. Prepare 50 µg/mL from the resuling solution with Diluent
▲50 µg/mL of USP Chlorhexidine Acetate RS in Solution A▲USP34

▲• B.  The crystals obtained in Identification test A melt at Sample stock solution:  Transfer 5.0 mL of Solution to a 250-
132°–136° (see Melting Range or Temperature 〈741〉).▲USP34 mL volumetric flask, and dilute with water to volume.

Sample solution:  Transfer 5.0 mL of the Sample stock solution
to a 250-mL volumetric flask, and dilute with Diluent▲SolutionDelete the following: A.▲USP34

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)▲• C. PROCEDURE
Mode:  LCAnalysis:  To 0.05 mL of Solution add 5 mL of a solution of
Detector:  UV 239 nmcetyltrimethylammonium bromide (1 in 100), 1 mL of 10 N
Column:  4.6-mm × 25-cm; base-deactivated 5-µm packingsodium hydroxide, and 1 mL of bromine TS.
L1Acceptance criteria:  A deep red color is produced.▲USP34

Column temperature:  40°
Flow rate:  1.5 mL/min

Change to read: Injection size:  50 µL
System suitability

▲[NOTE—The approximate relative retention times for
• D. ▲B.▲USP34 THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST chlorhexidine and p-chloroaniline are about 1.0 and 1.3,

〈201〉 respectively.]▲USP34
Adsorbent:  0.25-mm layer of chromatographic silica gel Sample:  System suitability solution
Standard solution:  10▲20▲USP34 mg/mL of USP Potassium Suitability requirements
Gluconate RS Resolution:  NLT 3.0 between chlorhexidine and p-

Sample solution:  Sample in water (1:5)▲Dilute 10 mL of So- chloroaniline
lution with water to 50 mL. This solution contains 40 mg/mL Relative standard deviation:  NMT 2.0% from the
of chlorhexidine gluconate.▲USP34 chlorhexidine peak, and NMT 5.0% from the p-

Spray reagent:  Dissolve 2.5 g of ammonium molybdate in 50 chloroaniline peak
mL of 2 N sulfuric acid in a 100-mL volumetric flask. Add 1.0 Analysis
g of ceric sulfate, swirl to dissolve, and dilute with 2 N sulfuric Samples:  Standard solution and Sample solution
acid to volume. Calculate the percentage (w/v) of C22H30Cl2N10 · 2C6H12O7 in

Application volume:  5 µL the portion of Solution taken:
Developing solvent system:  Alcohol, ethyl acetate, ammo-
nium hydroxide, and water (5:1:1:3) Result = (rU/rS) × (0.25 × CS) × (Mr1/Mr2)

Analysis
Samples:  Standard solution and Sample solution rU = peak area response of chlorhexidine from the
Develop the chromatogram in a solvent system until the sol- Sample solution
vent front has moved 10 cm from the point of spotting. rS = peak area response of chlorhexidine from the
Remove the plate from the chamber, and dry at 110° for 20 Standard solution
min. Allow to cool, and spray with Spray reagent. Heat the CS = concentration of USP Chlorhexidine Acetate RS
plate at 110° for 10 min. in the Standard solution (µg/mL)

Acceptance criteria:  The principal spot from the Sample solu- Mr1 = molecular weight of chlorhexidine gluconate,
tion corresponds in color, size, and RF value to that from the 897.76
Standard solution. Mr2 = molecular weight of chlorhexidine acetate,

625.55
ASSAY Acceptance criteria:  19.0%–21.0% (w/v)

IMPURITIESChange to read:

Change to read:
• PROCEDURE

Diluent:  27.6 g of monobasic sodium phosphate in 1.5 L of
water. Adjust with phosphoric acid to a pH of 3.0, and dilute Organic Impurities
with water to 2000 mL. • PROCEDURE 1

Solution A:  Dissolve 27.6 g of monobasic sodium phosphate Solution A, Solution B, Mobile phase and Diluent:  Proceed
and 10 mL of triethylamine in 1.5 L of water. Adjust with as directed in the Assay.
phosphoric acid to a pH of 3.0, and dilute with water to 2000 Sample stock solution:  Transfer 5.0 mL of Solution to a
mL. Mix the resulting solution and acetonitrile (70:30). 100-mL volumetric flask, and dilute with water to volume.

Solution B:  Acetonitrile Sample solution:  Transfer 5.0 mL of the Sample stock solu-
Mobile phase:  Use variable mixtures of Solution A and Solu- tion to a 25-mL volumetric flask, and dilute with Diluent to
tion B as directed in the gradient table below. volume. This solution contains 2 mg/mL of chlorhexidine

gluconate.
Reference solution A:  Transfer 3.0 mL of the Sample solutionTime Solution A Solution B
to a 100-mL volumetric flask, and dilute with Diluent to vol-(min) (%) (%)
ume. This solution contains 0.06 mg/mL of chlorhexidine0 100 0
gluconate.

9 100 0 Reference solution B:  Transfer 2.0 mL of Reference solution A
10 45 55 to a 100-mL volumetric flask, and dilute with Diluent to vol-
15 45 55 ume. This solution contains 0.0012 mg/mL of chlorhexidine

gluconate.16 100 0
System suitability solution:  Transfer 10 mg of USP21 100 0
Chlorhexidine Related Compounds RS to a 10-mL volumetric
flask. Dissolve in 2 mL of acetonitrile, and dilute with DiluentSystem suitability solution:  50 µg/mL of USP Chlorhexidine
to volume.Acetate RS and 1 µg/mL of ■USP p-Chloroaniline RS■1S (USP32) in

Diluent▲Solution A▲USP34
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Chromatographic system:  Proceed as directed in the Assay, SPECIFIC TESTS
except the Injection size and chromatograph are pro- • SPECIFIC GRAVITY 〈841〉:  1.06–1.07
grammed as shown in the gradient table below. • PH 〈791〉:  5.5–7.0, when diluted 1 in 20 with water

ADDITIONAL REQUIREMENTS
Time Solution A Solution B • PACKAGING AND STORAGE:  Preserve in tight containers, pro-
(min) (%) (%) tected from light, at a controlled room temperature.

0 100 0
15 100 0

Change to read:
16 45 55
21 45 55

• USP REFERENCE STANDARDS 〈11〉22 100 0
USP Chlorhexidine RS27 100 0
USP Chlorhexidine Acetate RS
USP Chlorhexidine Related Compounds RSInjection size:  20 µL
■USP p-Chloroaniline RS■1S (USP32)System suitability
USP Potassium Gluconate RSSample:  System suitability solution

[NOTE—The relative retention times for the main related
compound peak and chlorhexidine are 0.6 and 1.0,
respectively.]

BRIEFINGSuitability requirements
Resolution:  The two peaks between the main related
compound peak and the chlorhexidine peak should be at
least partially resolved from each other and completely Chlorhexidine Gluconate Topical Solution.  Because there is
resolved from the chlorhexidine peak. no existing USP monograph for this dosage form, a new mono-

Analysis graph is being proposed. The liquid chromatographic proce-
Samples:  Sample solution, Reference solution A, and Refer- dures in the test for Limit of p-Chloroaniline and in the Assay are
ence solution B based on analyses performed with the 5-µm Phenomenex Luna

Examine the chromatogram from the Sample solution. C18 and Waters Symmetry C18 brands of L1 column, respec-
Acceptance criteria:  The sum of the peak areas, other than tively. The typical retention times are about 5-6 min for
chlorhexidine and any peak areas less than that obtained for chlorhexidine and about 7.5 min for p-chloroaniline.
chlorhexidine in the chromatogram from Reference solution B,
is NMT the peak area for chlorhexidine in the chromatogram
from Reference solution A (3.0%). (VET: E. Gonikberg.) RTS—C58510• PROCEDURE 2: LIMIT OF p-CHLOROANILINE

Solution A, Solution B, Mobile phase, Diluent, System suit-
ability solution, and Chromatographic system:  Proceed as
directed in the Assay.

Standard solutions:  Transfer 10 mg of ■USP p-Chloroaniline
Add the following:RS■1S (USP32) to a 100-mL volumetric flask, add 2 mL of

acetonitrile, swirl to dissolve, and dilute with Diluent to vol-
ume. Dilute a volume of this solution with Diluent to obtain

▲Chlorhexidine Gluconate TopicalStandard solutions having known concentrations of 1.5, 1.2,
0.6, and 0.3 µg/mL of p-chloroaniline. Solution

▲Standard solution:  1.0 µg/mL of USP p-Chloroaniline RS in
Diluent▲USP34 DEFINITION

Sample stock solution:  Transfer 5.0 mL of Solution to a Chlorhexidine Gluconate Topical Solution is prepared from
100-mL volumetric flask, and dilute with water to volume. Chlorhexidine Gluconate Solution. It contains NLT 90.0% and

Sample solution:  Transfer 10.0 mL of Sample stock solution NMT 110.0% of the labeled amount of chlorhexidine
to a 250-mL volumetric flask, and dilute with Diluent to vol- gluconate (C22H30Cl2N10 · 2C6H12O7).
ume. This solution contains 0.4 mg/mL of chlorhexidine
gluconate. IDENTIFICATION

Analysis • A.  The retention time of the major peak for chlorhexidine
Samples:  Separately inject equal volumes (50 µL) of the from the Sample solution corresponds to that of the Standard
Standard solutions and Sample solution. Record the chro- solution, as obtained in the Assay.
matograms, and measure the areas for the p-chloroaniline • B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
peaks. Plot the peak responses from the Standard solutions Standard solution:  10 mg/mL of USP Potassium Gluconate
versus the relevant concentrations, in µg/mL. Draw the RS
straight line best fitting the four plotted points. From this Sample solution:  Nominally 20 mg/mL of chlorhexidine
graph, determine the concentration, C, in µg/mL, of p- gluconate from the Topical Solution
chloroaniline in the Sample solution. Adsorbent:  0.25-mm layer of chromatographic silica gel

Calculate the quantity, in µg/mL, of p-chloroaniline in the Application volume:  10 µL
portion of Solution taken: Developing solvent system:  Alcohol, ethyl acetate, ammo-

nium hydroxide, and water (5:1:1:3)
Result = C × 500 Spray reagent:  Dissolve 2.5 g of ammonium molybdate in 50

mL of 2 N sulfuric acid in a 100-mL volumetric flask. Add 1.0
[NOTE—If the quantity so obtained is less than 150 µg/mL, g of ceric sulfate, swirl to dissolve, and dilute with 2 N sulfuric
the tests may be repeated using a more appropriate dilu- acid to volume.
tion in the preparation of the Sample solution.] Analysis

▲Samples:  Standard solution and Sample solution▲USP34 Samples:  Standard solution and Sample solution
Acceptance criteria:  NMT 500 µg/mL Develop the chromatogram in a solvent system until the sol-

▲The p-chloroaniline peak area response of the Sample solu- vent front has moved 10 cm from the point of spotting.
tion is NMT the p-chloroaniline peak area response of the Remove the plate from the chamber, and dry at 110° for 20
Standard solution.▲USP34 min. Allow to cool, and spray with Spray reagent. Heat the

plate at 110° for 10 min.
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Acceptance criteria:  The principal spot from the Sample solu- Mr1 = molecular weight of chlorhexidine gluconate,
tion corresponds in color, size, and RF value to that from the 897.76
Standard solution. Mr2 = molecular weight of chlorhexidine acetate,

625.55
ASSAY Acceptance criteria:  90.0%–110.0%
• PROCEDURE

Solution A:  Dissolve 27.6 g of monobasic sodium phosphate IMPURITIES
and 10 mL of triethylamine in 1.5 L of water. Adjust with Organic Impurities
phosphoric acid to a pH of 3.0, and dilute with water to 2000 • PROCEDURE: LIMIT OF p-CHLOROANILINE
mL. Prepare a mixture of the resulting solution and acetoni- Solution A, Solution B, Mobile phase, System suitability so-
trile (70:30). lution, and Chromatographic system:  Proceed as directed

Solution B:  Acetonitrile in the Assay.
Mobile phase:  See the gradient table below. Standard solution:  1.0 µg/mL of USP p-Chloroaniline RS in

Solution A
Sample solution:  Nominally 0.4 mg/mL of chlorhexidine

Time Solution A Solution B gluconate from the Topical Solution, prepared as follows.
(min) (%) (%) Transfer an amount of Topical Solution equivalent to 40 mg

0 100 0 of chlorhexidine gluconate to a 100-mL volumetric flask, and
9 100 0 dilute with Solution A to volume.

Analysis10 45 55
Samples:  Standard solution and Sample solution15 45 55

Acceptance criteria16 100 0
The p-chloroaniline peak area from the Sample solution is

21 100 0 NMT the p-chloroaniline peak area from the Standard solu-
tion (equivalent to NMT 500 ppm in the portion ofSystem suitability solution:  50 µg/mL of USP Chlorhexidine
Chlorhexidine Gluconate Solution used to prepare the Topi-Acetate RS and 1 µg/mL of USP p-Chloroaniline RS in Solution
cal Solution).A

Standard solution:  50 µg/mL of USP Chlorhexidine Acetate SPECIFIC TESTS
RS in Solution A. • PH 〈791〉:  5.0–7.0

Sample solution:  Nominally about 80 µg/mL of chlorhex-
idine gluconate from the Topical Solution, prepared as follows. ADDITIONAL REQUIREMENTS
Transfer an amount of Topical Solution equivalent to 40 mg of • PACKAGING AND STORAGE:  Preserve in well-closed containers,
chlorhexidine gluconate to a 100-mL volumetric flask, and di- protected from light.
lute with methanol to volume. Further dilute a 10-mL portion • USP REFERENCE STANDARDS 〈11〉
of this solution to 50 mL with Solution A. USP Chlorhexidine Acetate RS

Chromatographic system USP p-Chloroaniline RS
(See Chromatography 〈621〉, System Suitability.) USP Potassium Gluconate RS▲USP34
Mode:  LC
Detector:  UV 239 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Temperature:  40° BRIEFING
Flow rate:  1.5 mL/min
Injection size:  50 µL

System suitability Chlorhexidine Hydrochloride,  page 4043 of the First Sup-
Sample:  System suitability solution plement. It is proposed to delete Identification test A and Identifi-
[NOTE—The approximate relative retention times for cation test B. The remaining identification tests are capable of
chlorhexidine and p-chloroaniline are about 1.0 and 1.3, identifying the drug substance and do not require supplementa-
respectively.] tion by the wet chemistry test and melting point determination.

Suitability requirements As Chlorhexidine Hydrochloride and chlorhexidine acetate are
Resolution:  NLT 3.0 between chlorhexidine and p- only sparingly soluble in water, it is proposed to use Solution A
chloroaniline to prepare the Standard solution and the Sample solution in the

Relative standard deviation:  NMT 2.0% for the chlorhex- Assay and in the Organic Impurities test, and to prepare the
idine peak, NMT 5.0% for the p-chloroaniline peak System suitability solution in the Assay. As the Diluent is now

Analysis used only to prepare the System suitability solution in the test
Samples:  Standard solution and Sample solution for Organic Impurities, its preparation is moved from the Assay
Calculate the percentage of C22H30Cl2N10 · 2C6H12O7 in the to the Organic Impurities section.
portion of Topical Solution taken: It is also proposed to directly prepare the Sample solution and

Standard solution in the Assay and in the test for Organic Impu-
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 rities, and to delete the requirement to prepare a Standard stock

solution and Sample stock solution.rU = peak area of chlorhexidine from the Sample solu- In the Assay, a NOTE is added to provide approximate relativetion retention times for the components of the System suitabilityrS = peak area of chlorhexidine from the Standard so- solution.lution
CS = concentration of USP Chlorhexidine Acetate RS

in the Standard solution (µg/mL)
(VET: E. Gonikberg.) RTS—C74962CU = nominal concentration of chlorhexidine

gluconate in the Sample solution (µg/mL)
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ASSAYAdd the following:

Change to read:■Chlorhexidine Hydrochloride

• PROCEDURE
Diluent:  27.6 g of monobasic sodium phosphate in 1.5 L of
water. Adjust with phosphoric acid to a pH of 3.0, and dilute
with water to 2000 mL.

▲
▲USP34

Solution A:   27.6 g of monobasic sodium phosphate and 10
C22H30Cl2N10 · 2HCl 578.37 mL of triethylamine in 1.5 L of water. Adjust with phosphoric
2,4,11,13-Tetraazatetradecanediimidamide, N,N′′-bis(4- acid to a pH of 3.0, and dilute with water to 2000 mL. Pre-

chlorophenyl)-3,12-diimino-, dihydrochloride; pare a mixture of acetonitrile and this solution (3:7).
 1,1′-Hexamethylenebis[5-(p-chlorophenyl)biguanide] dihydro- Solution B:  Acetonitrile

chloride [3697-42-5]. Mobile phase:  See the gradient table below.

DEFINITION
Time Solution A Solution B Chlorhexidine Hydrochloride contains NLT 98.0% and NMT
(min) (%) (%)101.0% of C22H30Cl2N10 · 2HCl, calculated on the dried basis.

0 100 0
IDENTIFICATION

9 100 0
10 45 55

Delete the following: 15 45 55
16 100 0
21 100 0▲• A. PROCEDURE

Sample solution:  Dissolve 5 mg in 5 mL of a 1-in-100 solu-
Standard stock solution:  1 mg/mL of USP Chlorhexidinetion of cetyltrimethylammonium bromide. Add 1 mL of 5 N
Acetate RS in watersodium hydroxide and 1 mL of bromine TS.

▲
▲USP34Acceptance criteria:  A deep red color is produced.▲USP34

Standard solution:  50 µg/mL of USP Chlorhexidine Acetate
RS in Diluent, from Standard stock solution▲Solution A▲USP34

Delete the following: System suitability solution:  50 µg/mL of USP Chlorhexidine
Acetate RS and 1 µg/mL of USP p-Chloroaniline RS in Diluent
▲Solution A▲USP34

▲• B. MELTING RANGE OR TEMPERATURE 〈741〉 Sample stock solution:  1 mg/mL of Chlorhexidine Hydro-
Sample:  Dissolve 0.3 g in 10 mL of 6 N hydrochloric acid. chloride in water
Add 40 mL of water, filter if necessary, and cool the solution ▲

▲USP34in ice. Add 10 N sodium hydroxide dropwise with stirring until Sample solution:  50 µg/mL of Chlorhexidine Hydrochloride
the solution is alkaline to thiazol yellow paper, and add 1 mL in Diluent, from Sample stock solution▲Solution A▲USP34in excess. Filter, wash the precipitate with water until the Chromatographic system
washings are free from alkali, recrystallize the residue from (See Chromatography 〈621〉, System Suitability.)
70% alcohol, and dry the crystals at 105°. Mode:  LC

Acceptance criteria:  The crystals melt between 132° and Detector:  UV 239 nm
136°.▲USP34 Column:  4.6-mm × 25-cm; base-deactivated 5-µm packing

L1
Temperature:  40°Change to read:
Flow rate:  1.5 mL/min
Injection size:  50 µL

• C.▲A.▲USP34 INFRARED ABSORPTION 〈197K〉 System suitability
Sample:  Use the crystals obtained in Identification test B.▲Dis- Sample:   System suitability solution
solve 0.3 g in 10 mL of 6 N hydrochloric acid. Add 40 mL of ▲[NOTE—The approximate relative retention times for
water, filter if necessary, and cool the solution in ice. Add 10 chlorhexidine and p-chloroaniline are about 1.0 and 1.3,
N sodium hydroxide dropwise with stirring until the solution is respectively.]▲USP34

alkaline to thiazol yellow paper, and add 1 mL in excess. Fil- Suitability requirements
ter, wash the precipitate with water until the washings are Resolution:  NLT 3 between chlorhexidine and p-
free from alkali, recrystallize the residue from 70% alcohol, chloroaniline
and dry the crystals at 105°.▲USP34 Relative standard deviation:  NMT 2.0% for chlorhexidine

Standard:  5 mg/mL USP Chlorhexidine RS in 70% alcohol. and NMT 5.0% for p-chloroaniline
Recrystallize this solution, and dry the crystals at 105° for 1 h. Analysis

Samples:   Standard solution and Sample solution
Calculate the percentage of C22H30Cl2N10 · 2HCl in the por-Change to read: tion of Chlorhexidine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100• D.▲B.▲USP34IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:
Meets the requirements rU = peak response of chlorhexidine from the Sample

solution
rS = peak response of chlorhexidine from the Stan-

dard solution
CS = concentration of of USP Chlorhexidine Acetate

RS in the Standard solution (µg/mL)
CU = concentration of Chlorhexidine Hydrochloride in

the Sample solution (µg/mL)
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Mr1 = molecular weight of chlorhexidine hydrochloride, Acceptance criteria
578.37 Total impurities:  NMT 3.0%. [NOTE—Disregard any peak

Mr2 = molecular weight of chlorhexidine acetate, less than the area of the chlorhexidine peak as obtained
625.55 from Standard solution B.]

Acceptance criteria:  98.0%–101.0% on the dried basis
SPECIFIC TESTS

IMPURITIES • LIMIT OF p-CHLOROANILINE
Inorganic Impurities Solution A, Solution B, Mobile phase, System suitability so-
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% lution and Chromatographic system:  Proceed as directed

in the Assay.
Standard solution:  1.0 µg/mL of USP p-Chloroaniline RS inChange to read: Solution A
Sample solution:  2.0 mg/mL of Chlorhexidine Hydrochloride
in Solution AOrganic Impurities

Analysis• PROCEDURE
Samples:  Standard solution and Sample solutionDiluent, ▲

▲USP34 Solution A and Solution B:  Proceed as di-
Acceptance criteria:  The p-chloroaniline peak area of therected in the Assay.
Sample solution is NMT the p-chloroaniline peak area in the

▲Diluent:  27.6 g of monobasic sodium phosphate in 1.5 L of Standard solution (NMT 500 ppm).water. Adjust with phosphoric acid to a pH of 3.0, and dilute • LOSS ON DRYING 〈731〉:  Dry a sample at 105° to constantwith water to 2000 mL.▲USP34 weight: it loses NMT 1.0% of its weight.Mobile phase:  See the gradient table below.
ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in well-closed, light-resis-Time Solution A Solution B

tant containers.(min) (%) (%)
•  USP REFERENCE STANDARDS 〈11〉

0 100 0 USP Chlorhexidine RS
15 100 0 USP Chlorhexidine Acetate RS
16 45 55 USP Chlorhexidine Related Compounds RS
21 45 55 USP p-Chloroaniline RS■1S (USP32)

22 100 0
27 100 0

BRIEFINGSample stock solution:  10 mg/mL of Chlorhexidine Hydro-
chloride in water

▲
▲USP34

Desflurane,  USP 32 page 2071. On the basis of commentsSample solution:  2 mg/mL of Chlorhexidine Hydrochloride
and data received, it is proposed to make the following changes:in Diluent, from Sample stock solution▲Solution A▲USP34

1.  Replace the packed column GC tests used to determineStandard solution A:  0.06 mg/mL of Chlorhexidine Hydro-
the Assay and the test for Organic Impurities with a singlechloride in Diluent▲Solution A,▲USP34 from the Sample solution
test that uses a capillary column. The proposed test is con-Standard solution B:  1.2 µg/mL of Chlorhexidine Hydro-
sistent with USP’s modernization plan, uses a readily availa-chloride in Diluent▲Solution A,▲USP34 from Standard solution A
ble capillary column, combines two tests into a singleSystem suitability solution:  Transfer 10 mg of USP
method, and eliminates the need for chlorofluorocarbonsChlorhexidine Related Compounds RS to a 10-mL volumetric
and hydrochlorofluorocarbons. The proposed method wasflask. Dissolve in 2 mL of acetonitrile, and dilute with Diluent
validated with a Restek Rtx-200, 0.32-mm × 105-m (1.5-to volume.
µm film thickness) brand of G6 column from whichChromatographic system:  Proceed as directed in the Assay.
desflurane elutes at about 9 min.[NOTE—Injection size is 20 µL.]

2.  Revise the Definition to include limits of Desflurane fromSystem suitability
NLT 98.0% and NMT 100.0% to 99.7% to 100.0%. ThisSample:   System suitability solution
change makes this monograph consistent with other in-[NOTE—The relative retention times for the main related
haled anesthetics such as Sevoflurane and Isoflurane.compound peak and chlorhexidine are 0.6 and 1.0,

3.  Revise the acceptance criteria for potential impurities foundrespectively.]
in Desflurane. The proposed acceptance criteria are consis-Suitability requirements
tent with those of the approved drug product.Resolution:  The two peaks between the main related

4.  Add a test for Acidity or Alkalinity to make the monographcompound peak and the chlorhexidine peak should be at
consistent with the EP.least partially resolved from each other and completely

5.  Revise the test for Limit of Nonvolatile Residue, and changeresolved from the chlorhexidine peak.
the limit from 0.075% to 0.01%.Analysis

6.  Update the Packaging and Storage section to be consistentSamples:   Standard solution A, Standard solution B, and
with the General Notices.Sample solution

7.  Additional minor editorial changes are also proposed.Calculate the percentage of any impurity in the portion of
Chlorhexidine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100 (MD-PS: D. Vicchio.) RTS—C45946
rU = peak response of each impurity from the Sample

solution
rS = peak response of chlorhexidine from Standard Desfluranesolution A
CS = concentration of Chlorhexidine Hydrochloride in

Standard solution A (mg/mL)
CU = concentration of Chlorhexidine Hydrochloride in

the Sample solution (mg/mL)

C3H2F6O 168.04
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Ethane, 2-(difluoromethoxy)-1,1,1,2-tetrafluoro-, (±)-; Suitability requirements
(±)-2-Difluoromethyl 1,2,2,2-tetrafluoroethyl ether [57041-67-5]. Resolution:  NLT 8 between desflurane and halothane

Relative standard deviation:  NMT 1.0% for the ratios of
DEFINITION the desflurane peak response to the halothane peak re-

sponse obtained for replicate injections
AnalysisChange to read:
Samples:  Standard solution and Sample solution
Calculate the percentage of C3H2F6O in the portion taken:

Desflurane contains NLT 98.0% and NMT 102.0% of C3H2F6O.
Result = (rU/RS) × (WS/WU) × 100▲Desflurane contains NLT 99.7% and NMT 100.0% of

C3H2F6O.▲USP34
RU = ratio of the peak area response of desflurane to

that of halothane from the Sample solutionIDENTIFICATION
RS = ratio of the peak area response of desflurane to

that of halothane from the Standard solution
Change to read: WS = weight of USP Desflurane RS used to prepare the

Standard solution (mg)
WU = weight of Desflurane used to prepare the Sample• The IR absorption spectrum of it using a▲Desflurane obtained solution (mg)using a▲USP34 gas cell exhibits maxima only at the same Acceptance criteria:  98.0%–102.0%wavelengths as that of a similar preparation of USP Desflurane  ▲Using the results from the Organic Impurities procedure, cal-RS. culate the percentage of C3H2F6O in the sample of Desflurane

taken by subtracting the sum of all impurities found fromASSAY
100.0%.

Acceptance criteria:  99.7%–100.0%▲USP34
Change to read:

IMPURITIES

• PROCEDURE
Change to read:Internal standard solution:  20 µL/mL of USP Halothane RS

in p-xylene
Standard solution:  Transfer 1.0 mL of Internal standard solu- Inorganic Impuritiestion to a 2.0-mL septum-capped vial, cap, seal, and weigh • LIMIT OF NONVOLATILE RESIDUE:  Transfer 10.0 mL of it to anaccurately. Using a cold syringe, inject 25 µL of USP evaporating dish, evaporate with a stream of nitrogen to dry-Desflurane RS, previously cooled to 0°–5°, into the vial. Allow ness, and dry the residue at 50° for 2 h: the weight of thethe vial to come to ambient temperature, weigh it, and calcu- residue does not exceed 7.5 mg (0.075%).▲Transfer 20.0 mLlate the quantity, in mg, of USP Desflurane RS added. of Desflurane to an evaporating dish, evaporate with a streamSample solution:  Transfer 1.0 mL of Internal standard solution of nitrogen to dryness: the weight of the residue does notto a 2.0-mL septum-capped vial, cap, seal, and weigh accu- exceed 2.0 mg (0.01%).▲USP34rately. Using a cold syringe, inject about 25 µL of Desflurane, • LIMIT OF ANTIMONYpreviously cooled to 0° to 5°, into the vial. Allow the vial to Diluent A:  Nitric acid and water (1:1)come to ambient temperature, weigh it, and calculate the Diluent B:  Nitric acid and hydrochloric acid (9:1)quantity, in mg, of Desflurane added. Standard solutions:  Transfer 0.1 mL (234 mg) of antimonyChromatographic system pentachloride to a 50-mL volumetric flask, dilute with Diluent(See Chromatography 〈621〉, System Suitability.) B to volume, and mix. This stock solution contains aboutMode:  GC 1906 µg of antimony/mL. Dilute a portion of this solutionDetector:  Flame ionization quantitatively and stepwise with Diluent B to obtain StandardColumn:  2.4-mm × 3.7-m stainless steel column coated with solutions containing 2.5, 5.0, and 10.0 µg of antimony/mL.polytef and packed with 10% phase G31 and 15% phase Sample solution:  Weigh a stoppered stock bottle containingG18 on 80- to 100-mesh support S1A a quantity of Desflurane at ambient temperature, and thenCarrier gas:  Helium cool it in powdered dry ice. Using a cold syringe, transferFlow rate:  24 mL/min 5–7 mL of Desflurane from the cold bottle to a separatorInjection size:  1 µL containing 20 mL of Diluent A. Allow the stock bottle con-Temperature taining the remaining Desflurane to come to ambient tem-Injector:  200° perature, weigh it, and calculate the quantity, in g, ofDetector:  250° Desflurane taken for the test. Allow the Desflurane in theColumn:  See Temperature Program Table. separator to evaporate, and with the aid of a few mL of

Diluent A, transfer the acid solution to a clean, dry beaker.
Temperature Program Table Add 1 mL of hydrochloric acid to the solution in the beaker,

and reduce the volume to 8 mL by evaporating on a hotHold Time at
plate. Transfer this solution to a 10-mL volumetric flask, andInitial Temperature Final Final
dilute with Diluent B to volume.Temperature Ramp Temperature Temperature

Spectrometric conditions(°) (°/min) (°) (min)
(See Spectrophotometry and Light-Scattering 〈851〉.)80 0 80 2.5
Mode:  Atomic absorption spectrophotometer

80 2 88 3 Analytical wavelength:  Antimony emission line at 217.6
88 70 175 4 nm

Lamp:  Antimony hollow-cathodeSystem suitability Flame:  Air–acetyleneSample:  Standard solution Blank:  Diluent B[NOTE—The relative retention times for desflurane and Analysishalothane are 1.0 and 2.8, respectively.] Samples:  Standard solutions and Sample solution
Calculation:  Plot the absorbances of the Standard solutions
versus concentration (µg/mL) of antimony, and draw the
straight line best fitting the three plotted points. From the
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graph so obtained, determine the concentration of anti- previously cooled to 0°–5°, into the vial. Allow the vial to
mony in the Sample solution. come to ambient temperature, weigh it, and calculate the

Calculate the quantity, in µg/g, of antimony in the portion quantity (mg) of USP Desflurane RS added. Using a syringe,
of Desflurane taken: inject about 7 µL of USP Desflurane Related Compound A RS

into the same vial, weigh, and calculate the quantity (mg) of
Result = (C/W) × V USP Desflurane Related Compound A RS added. Similarly and

in turn, add about 7.2 µL of trichlorofluoromethane, 7.4 µL
C = concentration of antimony in the Sample solu- of dichlorofluoromethane, 7.6 µL of methylene chloride, 6.8

tion (µg/mL) µL of chloroform, 6.3 µL of trichlorotrifluoroethane, and 6.7
W = weight of Desflurane taken to prepare the Sam- µL of isoflurane, weighing the vial after each addition and

ple solution (g) calculating the quantity (mg) of each addition.
V = volume of Sample solution Calculate the percentage of each impurity in the Standard

Acceptance criteria:  NMT 3 µg/g solution taken:
• LIMIT OF FLUORIDE

[NOTE—Store all solutions except Solution A in plastic Result = 100 × WI/(WD + WT)
containers.]

Solution A:  57 mL of glacial acetic acid, 58 g of sodium WI = quantity of the respective impurity added during
chloride, and 4 g of (1,2-cyclohexylenedinitrilo)tetraacetic the preparation of the Standard solution (mg)
acid in 500 mL of water. Adjust with 5 N sodium hydroxide WD = quantity of USP Desflurane RS in the Standard
to a pH of 5.25 ± 0.25, and dilute with water to 1000 mL. solution (mg)
▲An equivalent commercial preparation may be used.▲USP34 WT = sum of all the impurities added during the prep-

Standard stock solution:  Quantitatively dissolve a quantity aration of the Standard solution (mg)
of USP Sodium Fluoride RS in water to obtain a solution con- Sample:  Desflurane
taining 2210 µg/mL. Each mL of this solution contains 1000 Chromatographic system
µg of fluoride/mL.▲2210 µg/mL of USP Sodium Fluoride RS (See Chromatography 〈621〉, System Suitability.)
in water. Each mL of this solution contains 1000 µg of Mode:  GC
fluoride/mL.▲USP34 Detector:  Flame ionization

Standard solutions:  Dilute volumes of Standard stock solu- Column:  2.4 -mm × 6.1-m stainless steel column packed
tion with Solution A to obtain solutions having concentrations with 25% phase G16 on 80- to 100-mesh support S1A
of 0.1, 0.3, 0.5, 1.0, 3.0, and 5.0 µg of fluoride/mL. Carrier gas:  Helium

Sample solution:  Transfer 10.0 mL of Desflurane to a 60-mL Flow rate:  20 mL/min
separator, add 10.0 mL of water, shake for 1 min, and allow Temperature
the layers to separate. Drain the lower organic layer and a Column:   75°
small portion of the aqueous layer into a beaker, and discard. Injection port:   200°
Transfer 5.0 mL of the aqueous phase remaining in the Detector:  250°
separator to a plastic cup, and add 5.0 mL of Solution A. Injection size:  1 µL for the Standard solution
[NOTE—Transfer the aqueous phase remaining in the 2 µL for the Sample
separator to a second plastic cup, and reserve for the pH Run time:  40 min
determination.]▲Transfer 20.0 mL of Desflurane to a 60-mL System suitability
separator, add 20.0 mL of water, shake for 1 min, and Sample:  Standard solution
allow the layers to separate. Drain the lower organic layer Suitability requirements
and a small portion of the aqueous layer into a beaker, Resolution:  NLT 1.2 between trichlorofluoromethane and
and discard. Transfer 10.0 mL of the aqueous phase re- desflurane related compound A
maining in the separator to a plastic cup, and add 10.0 mL Tailing factor:  NMT 1.5 for the desflurane related com-
of Solution A.▲USP34 pound A peak

Analysis Analysis
Samples:  Standard solutions and Sample solution Samples:  Standard solution and Sample

Concomitantly measure the potentials (see pH 〈791〉), in mV, Calculate the percentage of each impurity taken:
of the Samples with a pH meter capable of a minimum re-

Result = 2 × PS (rU/rS)producibility of ±0.2 mV and equipped with a fluoride-spe-
cific ion-indicating electrode and a calomel reference

PS = percentage of the respective impurity in theelectrode.
Standard solution[NOTE—When taking measurements, immerse the electrodes

rU = peak response of the respective impurity fromin the solution, stir with a polytef-coated stirring bar and a
the Samplemagnetic stirrer having an insulated top until equilibrium is

rS = peak response of the respective impurity peakattained (about 1–2 min), and record the potential. Rinse
from the Standard solutionthe electrodes with Solution A, and dry, taking care to

Acceptance criteria:  See Impurity Table.avoid damaging the crystal of the specific-ion electrode.]
Plot the logarithms of the fluoride concentrations (µg/mL) of
the Standard solutions versus potential, in mV. From the Impurity Table
measured potential of the Sample solution and the standard

Relative Relative Acceptanceresponse line, determine the concentration, C (µg/mL), of
Retention Response Criteria,fluoride in the Sample solution. Multiply C by 0.0002 to ob-

Name Time Factor NMT (%)tain the percentage of fluoride in the portion of Desflurane
Isoflurane 2.6 — 1.0taken.
Methylene chloride 3.7 — 0.1Acceptance criteria:  NMT 0.001%
Desflurane related com-
pound A 0.86 — 0.1Change to read:

Desflurane 1.0 — —
Chloroform 6.6 — 0.05

Organic Impurities Trichlorotrifluoroethane — — 0.025
• PROCEDURE Dichlorofluoromethane 1.7 — 0.01

Standard solution:  Insert a rubber-sleeve stopper into a 2-
Trichlorofluoromethane 0.7 — 0.01mL vial, weigh accurately, and partially evacuate the vial. Us-

ing a cold syringe, inject about 680 µL of USP Desflurane RS,

2010 The United States Pharmacopeial Convention All Rights Reserved.

In-Process Revision



Pharmacopeial Forum
96 IN-PROCESS REVISION Vol. 36(1) [Jan.–Feb. 2010]

▲• PROCEDURE final concentration of each impurity is equal to the concen-
Standard stock solution:  To a suitable tared vial, fitted with tration of the impurity added plus the concentration inher-
a septum, add 20 mL (29.4 g) of Desflurane. Seal and re- ent in the matrix.]
weigh the vial to determine the weight of Desflurane added. Samples:  Standard solution and Sample solution
To this vial sequentially add 20 µL of USP Desflurane Related Calculate the final concentration of each impurity in the
Compound A RS, 23 µL of dichloromethane, 20 µL of chloro- Standard solution:
form, 38 µL of acetone, and 21 µL of USP Isoflurane RS.

Result = rU/(rS − rU) × CS + CSRecord the weight after the addition of each impurity and
determine the total weight.

rU = peak response of the Desflurane used as the sol-Calculate the percentage of each impurity in the Standard
ventstock solution:

rS = peak response of the Standard solution
CS = spiked concentration of each impurity in theResult = WI/WT × PI

Standard solution (%)
WI = weight of each impurity added (g) Calculate the percentage of each impurity observed in the
WT = total weight of the Standard stock solution (g) Sample solution that is also present in the Standard solution:
PI = purity of each impurity added (%)

Result = (rU/rS) × CFStandard solution:  To a suitable tared vial, fitted with a sep-
tum, add 10.2 mL (15 g) of Desflurane. Seal and re-weigh

rU = peak response of the Sample solutionthe vial to determine the weight of Desflurane added. To this
rS = peak response of the Standard solutionvial add 250 µL of the Standard stock solution, and record the
CF = final concentration in the Standard solution (%)weight to determine the weight of the Standard stock solution
Calculate the percentage of all other impurities:added and the final weight of the Standard solution.

Calculate the spiked concentration (CS) of each impurity in
Result = (rU/rS) × CS  × 1/Fthe Standard solution:

rU = peak response of the Sample solutionResult = WI/WT × CI
rS = peak response of the Standard solution
CS = concentration of USP Isoflurane RS in the Stan-WI = weight of Standard stock solution added (g)

dard solution (%)WT = total weight of the Standard solution (g)
F = relative response factor relative to isoflurane (seeCI = concentration of each impurity in the Standard

Impurity Table 1)stock solution (%)
Acceptance criteria:  See Impurity Table 1.System suitability solution:  To a suitable vial, fitted with a

Total impurities:  NMT 0.3%septum, add 10.2 mL (15 g) of Desflurane. Seal the vial. To
this vial add 100 µL of the Standard stock solution.

Sample:  Desflurane Impurity Table 1
Chromatographic system

Relative Relative Acceptance(See Chromatography 〈621〉, System Suitability.)
Retention Response Criteria,Mode:  GC

Name Time Factor NMT (%)Detector:  Flame ionization
Desfluranea 1.0 — —Column:  0.32-mm × 105-m capillary column coated with

1.5-µm film of G6 Dichlorofluoromethane 1.04 0.43 0.01
Carrier gas:  Helium Trichlorofluoromethane 1.07 0.15 0.001
Autosampler/Syringe temperature:  2°–5° Desflurane related 1.12 — 0.10Flow rate:  3 mL/min compound Aba

Split flow:  25 mL/min
Trichlorotrifluoroethane 1.35 1.3 0.001Temperature
Dichloromethanea 1.44 — 0.001Column:  See the temperature program table below.
Isofluranea 1.55 1.0 0.20
Chloroforma 1.88 — 0.006Hold Time
Acetonea 2.12 — 0.010Initial Temperature Final at Final
a These impurities are present in the Standard solution and are quantified byTemperature Ramp Temperature Temperature
external standards.(°) (°/min) (°) (min)
 b Bis-(1,2,2,2-tetrafluoroethyl)ether.30 — 30 11

30 20 50 13 ▲USP34

Injection port:   150° SPECIFIC TESTS
Detector:  200°

Injection size:  3 µL
Add the following:System suitability

Samples:  Standard solution and System suitability solution
Suitability requirements ▲• ACIDITY OR ALKALINITYResolution:  NLT 3.0 between isoflurane and dichloro- Bromocresol purple solution:  0.5 mg/mL of bromocresolmethane, Standard solution purple. Prepared by dissolving 50 mg of bromocresol purpleTailing factor:  NMT 1.5 for isoflurane, Standard solution in 0.92 mL of 0.1 M sodium hydroxide and 20 mL of ethanol,Relative standard deviation:  NMT 5% for each impu- and then diluting with water to 100 mL.rity, Standard solution Sample solution:  Transfer 20 mL of Desflurane to a separa-Signal-to-noise ratio:  NLT 40 for isoflurane, System suita- tory funnel, and add 20 mL of carbon dioxide-free water.bility solution Shake for 3 min, allow the layers to separate, and discard theAnalysis lower organic layer. Collect the upper layer, and add 0.2 mL[NOTE—Injections of Desflurane used to prepare the Stan- of Bromocresol purple solution.dard solution must be made to estimate the amount of Acceptance criteria:  NMT 0.1 mL of 0.01 M sodium hydrox-known impurities that may be present in the solvent. The ide or 0.6 mL of 0.01 M hydrochloric acid is required to

change the color of the indicator.▲USP34
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ADDITIONAL REQUIREMENTS Compound A RS. [NOTE—Dissolve suitable quantities of USP
Donepezil Hydrochloride RS and USP Donepezil Related Com-
pound A RS in a suitable volumetric flask using 40% of theChange to read: flask volume of methanol, and dilute with water to volume.]

Standard solution:  0.4 mg/mL of USP Donepezil Hydrochlo-
ride RS in Mobile phase• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-

Sample solution:  0.4 mg/mL of Donepezil Hydrochloride intainers. Store at 25°; excursions are permitted between 15°
Mobile phaseand 30°▲Store at controlled room temperature.▲USP34 Replace

Chromatographic systemthe cap securely after each use.
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC

Change to read: Detector:  UV 271 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Temperature:  35°

• USP REFERENCE STANDARDS 〈11〉 Flow rate:  1.4 mL/min
USP Desflurane Related Compound A RS Injection size:  20 µL
USP Desflurane RS System suitability
USP Halothane RS Samples:  System suitability solution and Standard solution
▲USP Isoflurane RS▲USP34 [NOTE—The relative retention times for donepezil related
USP Sodium Fluoride RS compound A and donepezil are about 0.92 and 1.0,

respectively.]
Suitability requirements

Resolution:  NLT 1.5 between donepezil related com-BRIEFING pound A and donepezil, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard
solution

Donepezil Hydrochloride.  Because there is no existing USP Analysis
monograph for this active drug substance, a new monograph is Samples:  Standard solution and Sample solution
proposed. The HPLC tests for the Assay and Organic Impurities Calculate the percentage of C24H29NO3 · HCl in the portion of
are based on analyses performed using the Inertsil ODS 2 C18 Donepezil Hydrochloride taken:
brand of L1 column, in which donepezil related compound A
and donepezil elute at about 12 and 13 min, respectively. Result = (rU/rS) × (CS/CU) × 100

rU = peak response of donepezil hydrochloride from
the Sample solution(MD-PP: R. Ravichandran.) RTS—C77396 rS = peak response of donepezil hydrochloride from
the Standard solution

CS = concentration of USP Donepezil Hydrochloride
RS in the Standard solution (mg/mL)

CU = concentration of Donepezil Hydrochloride in the
Add the following: Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES▲Donepezil Hydrochloride
Inorganic Impurities
• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
Organic Impurities
• PROCEDURE

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

C24H29NO3 · HCl 415.95 Standard solution:  0.8 µg/mL of USP Donepezil Hydrochlo-
(±)-2-[(1-Benzyl-4-piperidyl)methyl]-5,6-dimethoxy-1-indanone ride RS in Mobile phase

hydrochloride [120011-70-3]. System suitability
Samples:  System suitability solution and Standard solution

DEFINITION [NOTE—The relative retention times for donepezil related
 Donepezil Hydrochloride contains NLT 98.0% and NMT 102.0% compound A and donepezil are about 0.92 and 1.0,

of C24H29NO3 · HCl, calculated on the anhydrous basis. respectively.]
Suitability requirementsIDENTIFICATION Resolution:  NLT 1.7 between donepezil related com-• A. INFRARED ABSORPTION 〈197K〉 pound A and donepezil, System suitability solution• B.  The retention time of the major peak of the Sample solu- Relative standard deviation:  NLT 5.0%, Standardtion corresponds to that of the Standard solution, as obtained solutionin the Assay. Analysis• C. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  Meets the Samples:  Standard solution and Sample solutionrequirements Identify the impurities using the relative retention timesSample solution:  10 mg/mL given in Impurity Table 1.

Calculate the percentage of any individual impurity in theASSAY
portion of Donepezil Hydrochloride taken:• PROCEDURE

Buffer:  3.85 g/L of sodium 1-decane sulfonate in water
Result = (rU/rS) × (CS/CU) × 100Mobile phase:  Acetonitrile and Buffer (7:13). Adjust with per-

chloric acid to a pH of 1.8. rU = peak response of any individual impurity fromSystem suitability solution:  0.4 mg/mL of USP Donepezil the Sample solutionHydrochloride RS and 0.016 mg/mL of USP Donepezil Related
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rS = peak response of donepezil hydrochloride from DEFINITION
the Standard solution Ethambutol Hydrochloride contains NLT 98.0% and NMT 100.5%

CS = concentration of USP Donepezil Hydrochloride of C10H24N2O2 · 2HCl, calculated on the dried basis.
RS in the Standard solution (mg/mL)

IDENTIFICATIONCU = concentration of Donepezil Hydrochloride in the
• A. INFRARED ABSORPTION 〈197K〉Sample solution (mg/mL)
• B. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  100 mg/mLAcceptance criteria

solutionIndividual impurities:  See Impurity Table 1.
Total impurities:  NMT 1.0% ASSAY

• PROCEDURE
Impurity Table 1 Sample solution:  200 mg of Ethambutol Hydrochloride in a

mixture of 100 mL of glacial acetic acid and 5 mL of mercuricRelative Acceptance acetate TS. Add crystal violet TS. Retention  Criteria, Analysis:  Titrate with 0.1 N perchloric acid VS (the colorName  Time NMT (%) change at the endpoint is from blue to blue-green). Perform a
Desbenzyl donepezila 0.33 0.2 blank determination, and make any necessary corrections (see
Hydroxydonepezilb 0.54 0.2 Titrimetry 〈541〉). Each mL of 0.1 N perchloric acid is
Donepezil related 0.92 0.1 equivalent to 13.86 mg of C10H24N2O2 · 2HCl.
compound Ac Acceptance criteria:  98.0%–100.5%

Donepezil hydrochlo- 1.0 —
IMPURITIESride
Inorganic Impurities

Any individual unspec- — 0.1 • HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
ified impurity Organic Impurities

a 2,3-Dihydro-5,6-dimethoxy-2-(4-piperidinylmethyl)-1H-inden-1-one. • PROCEDURE 1: ORDINARY IMPURITIES 〈466〉
 b 2,3-Dihydro-2-[hydroxy[1-phenylmethyl)-4-piperidinyl]methyl]5,6- Sample solution:  Methanol
dimethoxy-2-(4-piperidinylmethyl)-1H-inden-1-one. Standard solution:  Methanol
 c 2,3-Dihydro-5,6-dimethoxy-2-[[1-phenylmethyl)-4-piperidinyl]methylene]-1H- Eluant:  Methanol and ammonium hydroxide (18:1)
inden-1-one. Visualization:  16

• PROCEDURE 2: LIMIT OF AMINOBUTANOLSPECIFIC TESTS
Solution A:  Transfer 1.24 g of boric acid to a 100-mL volu-• WATER DETERMINATION, Method Ia 〈921〉:  NMT 0.4%
metric flask, and dissolve in 90 mL of water. Adjust with 5 N
sodium hydroxide to a pH of 9.0, and dilute with water toADDITIONAL REQUIREMENTS
volume.• PACKAGING AND STORAGE:  Preserve in well-closed containers,

Fluorescamine solution:  0.1 mg/mL of fluorescamine inand store at controlled room temperature.
acetone• USP REFERENCE STANDARDS 〈11〉

Standard solution:  5.0 µg/mL of USP Aminobutanol RSUSP Donepezil Hydrochloride RS
Sample solution:  0.5 mg/mL of Ethambutol HydrochlorideUSP Donepezil Related Compound A RS
Spectrometric conditions[(E)-2-[(1-benzylpiperidin-4-yl)methylene]-5,6-
(See Spectrophotometry and Light-Scattering 〈851〉.)dimethoxy-2,3-dihydro-1H-indan-1-one]
Mode:  Fluorometry(C24H27NO3  377.48)▲USP34

Analytical wavelength:  485 nm, with the excitation
wavelength at about 385 nm

Cell:  1 cm
BRIEFING Analysis

Samples:  Standard solution and Sample solution
Pipet a 10-mL portion of Sample solution into a glass-stop-
pered, 100-mL conical flask, and add 10 mL of water andEthambutol Hydrochloride,  USP 32 page 2319. On the basis
20 mL of Solution A. To another 100-mL flask, add 10.0 mLof comments received, it is proposed to add a test for the limit
of Sample solution, 10.0 mL of Standard solution, and 20of total stereoisomers. The proposed liquid chromatographic
mL of Solution A. Place the flasks on a magnetic stirrer, andprocedure is based on analyses performed with the Waters Sym-
while the contents are being stirred rapidly, add 10 mL ofmetry C18 brand of L1 column. The typical retention time for
Fluorescamine solution rapidly. Insert the stoppers in theethambutol is 12.9 min.
flasks, invert, and shake briefly. After 1 min, accurately
timed, determine the relative fluorescence intensities of
both solutions in a suitable fluorometer.

(MD-AA: H. Ramanathan, B. Davani.) RTS—C69685 Acceptance criteria:  The fluorescence intensity of the solu-
tion from the Sample solution is NMT the difference between
the intensities of the two solutions (NMT 1.0%).

Ethambutol Hydrochloride SPECIFIC TESTS

Add the following:

▲•  LIMIT OF TOTAL STEREOISOMERS
Solution A:  60 mg/mL of (R)-(+)-alpha-methylbenzyl isocya-

C10H24N2O2 · 2HCl 277.23 nate in acetonitrile
1-Butanol, 2,2′-(1,2-ethanediyldiimino)bis-, dihydrochloride, [S- Solution B:  Acetonitrile and water (1:1)

(R*,R*)]-; Mobile phase:  Methanol and water (13:7)
(+)-2,2′-(Ethylenediimino)-di-1-butanol dihydrochloride Standard solution 1:  Transfer 13 mg of USP Ethambutol Hy-

[1070-11-7]. drochloride RS to a 10-mL volumetric flask. Add 2.0 mL
acetonitrile and 260 µL of triethylamine, and mix for 1 min.
Add 650 µL of Solution A, and mix for another min. Dilute
with Solution B to volume.
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Standard solution 2:  Prepare as directed for Standard solution BRIEFING
1 using USP Ethambutol Related Compound A RS and USP
Ethambutol Related Compound B RS.

System suitability solution:  Mix equal volumes of Standard Gadodiamide Injection,  USP 32 page 2469. On the basis ofsolution 1 and Standard solution 2. comments received, it is proposed to revise the Packaging andSample solution:  Prepare as directed for Standard solution 1 Storage section of the monograph to be consistent with the ap-using Ethambutol Hydrochloride. proved label.Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC

(RMI: R. Ravichandran.) RTS—C70571Detector:  UV 254 nm
Column:  3.9-mm × 15-cm; packing L1
Flow rate:  1.7 mL/min
Injection size:  20 µL

Gadodiamide InjectionRun time:   2.3 times the retention time of ethambutol
System suitability
Samples:  Standard solution 1 and System suitability solution DEFINITION
[NOTE—The relative retention time for ethambutol related Gadodiamide Injection is a sterile solution of Gadodiamide in
compound B versus ethambutol is 0.85. The relative reten- Water for Injection. It contains NLT 90.0% and NMT 110.0% of
tion time of ethambutol versus ethambutol related com- the labeled amount of gadodiamide (C16H26GdN5O8). It may
pound A is 1.4.] contain stabilizers and buffers. Gadodiamide Injection intended

Suitability requirements for intravascular use contains no antimicrobial agents.
Resolution:  NLT 3.0 between ethambutol and ethambutol

IDENTIFICATIONrelated compound A, System suitability solution
• A. ULTRAVIOLET ABSORPTION 〈197U〉Relative standard deviation:  NMT 2.0%, Standard solu-

Wavelength range:  240–300 nmtion 1
Solution:  57 mg/mL of gadodiamide in waterAnalysis

• B.  The retention time of the major peak of the Sample solu-Sample:   Sample solution
tion corresponds to that of the Standard solution, as obtainedCalculate the percentage of stereoisomers in the portion of
in the Assay.Sample taken:

ASSAYResult = (rU/rT) × 100
• PROCEDURE

Solution A  Triethylamine, glacial acetic acid, and waterrU = peak response of ethambutol related compound
(14:5.7:980.3)A or ethambutol related compound B from the

Mobile phase:  Solution A and water (1:19). Adjust with 1 NSample solution
acetic acid or 1 N sodium hydroxide to a pH of between 6.5rT = sum of all peak responses of ethambutol related
and 7.0. Dilute with water to volume.compound A, ethambutol related compound B

Diluent:  0.11 mg/mL of arsenazo III acid in 0.09 M nitric acidand ethambutol from the Sample solution
Postcolumn reagent:  Dissolve 325 mg of urea in 650 mL ofCalculate the percentage of total stereoisomers:
Diluent, pass the solution through a 0.45-µm porosity filter,

Result = % ethambutol related compound A + % ethambutol wash the filter with 400 mL of water, and dilute with water to
related compound B 1000 mL.

Standard solution:  0.18 mg/mL of USP Gadodiamide RS
Acceptance criteria Sample solution:  Equivalent to 0.172 mg/mL of gadodiamide
Total impurities:  NMT 4.0%▲USP34 from Injection

• OPTICAL ROTATION, Specific Rotation 〈781S〉:  +6.0° to +6.7° Chromatographic system
Sample solution:  100 mg/mL, in water (See Chromatography 〈621〉, System Suitability.)

• LOSS ON DRYING 〈731〉:  Dry it at 105° for 2 h: it loses NMT Mode:  LC
0.5% of its weight. Detector:  UV 658 nm

Column:  4.6-mm × 25-cm; 5-µm base-deactivated packing
ADDITIONAL REQUIREMENTS L1. [NOTE—A second pump mixes the Mobile phase with the
• PACKAGING AND STORAGE:  Preserve in well-closed containers. Postcolumn reagent prior to detection via a T-junction.]

Temperature:  20°–35° (system maintained at constant
temperature)Change to read:

Flow rate:  1.5 mL/min
Injection size:  10 µL

• USP REFERENCE STANDARDS 〈11〉 System suitability
USP Aminobutanol RS Sample:  Standard solution
USP Ethambutol Hydrochloride RS Suitability requirements
▲USP Ethambutol Related Compound A RS Relative standard deviation:  NMT 2.5%

[(2R,2′S)-2,2′-[ethane-1,2-diylbis(azanediyl)]dibutan-1-ol] Analysis
(C10H24N2O2  204.31) Samples:  Standard solution and Sample solution

USP Ethambutol Related Compound B RS Calculate the percentage of C16H26GdN5O8 in the portion of
[(2R,2′R)-2,2′-[ethane-1,2-diylbis(azanediyl)]dibutan-1-ol] Injection taken:
(C10H24N2O2  204.31)▲USP34

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of gadodiamide from the Sample
solution

rS = peak response of gadodiamide from the Stan-
dard solution

CS = concentration of USP Gadodiamide RS in the
Standard solution (mg/mL)

CU = nominal concentration of gadodiamide in the
Sample solution (mg/mL)
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Acceptance criteria:  90.0%–110.0% • USP REFERENCE STANDARDS 〈11〉
USP Endotoxin RS

IMPURITIES USP Gadodiamide RS
Organic Impurities USP Gadodiamide Related Compound A RS
• PROCEDURE USP Gadodiamide Related Compound B RS

Solution A and Mobile phase:  Prepare as directed in the
Assay.

Postcolumn reagent:  Dissolve 120 mg of arsenazo III acid in
400 mL of water previously acidifed with 6.3 mL of nitric BRIEFING
acid. Add 650 mg of urea, and mix to dissolve. Pass the
solution through a 0.45-µm porosity filter, washing the filter
with 600 mL of water. Dilute with water to 1000 mL. Galantamine Hydrobromide  USP 32 page 2476 and page

System suitability solution:  10 µg/mL of USP Gadodiamide 4245 of the Second Supplement. On the basis of comments re-
Related Compound A RS, 10 µg/mL of USP Gadodiamide Re- ceived, the following revisions are proposed:
lated Compound B RS, and 2 mg/mL of USP Gadodiamide 1.  Revise the relative retention time and relative response fac-
RS in an aqueous solution tor for the Narwedine impurity in the test for Organic

Sample solution:  Equivalent to 2 mg/mL of gadodiamide Impurities.
from Injection 2.  Perform either the test for Optical Rotation or the test for

Chromatographic system:  Proceed as directed in the Assay. Enantiomeric Purity based on the source of the material (i.e.,
System suitability natural or synthetic). The label indicates the source of the

Sample:  System suitability solution material and the test performed.
Suitability requirements 3.  Use a flexible monograph approach to indicate that manu-
Resolution:  NLT 1.0 between the gadodiamide and facturers may perform either Procedure 1 or Procedure 2 of
gadodiamide related compound A peaks; NLT 1.5 be- the test for Enantiomeric Purity. The test for Enantiomeric
tween gadodiamide related compound A and Purity, Procedure 1, is evaluated using a validated capillary
gadodiamide related compound B peaks electrophoresis procedure with UV detection. The ga-

Relative standard deviation:  NMT 10% lantamine 4S,8S stereoisomer and galantamine 4R,8R ste-
[NOTE—The tail of the gadodiamide peak may contain a reoisomer are separated using an uncoated fused-silica cap-
small shoulder due to an isomer. The area of the shoul- illary column and a run buffer containing α-cyclodextrin
der should be included in the gadodiamide peak area.] hydrate. The migration times are approximately 20.4 and

Analysis 21.4 min for the 4S,8S and 4R,8R stereoisomers, respec-
Sample:  Sample solution tively. 
Calculate the percentage of each impurity in the volume of The proposed HPLC method under Enantiomeric purity, Pro-
Injection taken: cedure 2, is based on analyses performed with a Chiral AGP

150.4 column of L41 type manufactured by Chromtech.Result = (rI/rS) × 100 The method has been validated using a Chiral AGP 150.2
column of L41 type manufactured by Chromtech. The re-rI = response of each impurity tention times are about 5.3 and 8.1 min for the 4R,8RrS = sum of all peaks having a percentage greater stereoisomer and galantamine, respectively.than 0.10% 4.  Add a Labeling section.Acceptance criteria

Individual impurity:  See Impurity Table 1.
Total impurities:  NMT 0.5%, other than gadodiamide re-
lated compounds A and B (MD-PP: R. Ravichandran, H. Ramanathan.) RTS—C55179;

C58225; C77806
Impurity Table 1

Acceptance
Criteria, Galantamine Hydrobromide

Name NMT (%)
Gadodiamide related compound A 2.0
Gadodiamide related compound B 2.0
Any other individual impurity 0.2

SPECIFIC TESTS
• OSMOLALITY AND OSMOLARITY, Osmolarity 〈785〉:  650–1000

mOsmol/kg
C17H21NO3 · HBr 368.27• PH 〈791〉:  5.5–7.0
6H-Benzofuro[3a,3,2-ef][2]benzazepin-6-ol, 4a,5,9,10,11,12-hex-• BACTERIAL ENDOTOXINS TEST 〈85〉:  NMT 0.029 USP Endotoxin

ahydro-3-methoxy-11-methyl-, hydrobromide, (4aS,6R,8aS)-;Unit/mg of gadodiamide
(4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-• INJECTIONS 〈1〉:  Meets the requirements

methyl-6H-benzofuro[3a,3,2-ef][2]benzazepin-6-ol
ADDITIONAL REQUIREMENTS hydrobromide [1953-04-4].

DEFINITION
Change to read: Galantamine Hydrobromide contains NLT 98.0% and NMT

102.0% of C17H21NO3 · HBr, calculated on the dried basis.

• PACKAGING AND STORAGE:  Preserve in single-dose Containers for IDENTIFICATION
Injections as described under Injections 〈1〉, of Type I glass, pro- • A. INFRARED ABSORPTION 〈197K〉
tected from light.▲Preserve in single-dose or multi-dose plastic [NOTE—Specimens are to be prepared using undried USP Ga-
or Type I glass containers as described in the section Contain- lantamine Hydrobromide RS and the test article.]
ers for Injections in Injections 〈1〉. Protect from light. Store at • B.  The retention time of the major peak of the Sample solu-
controlled room temperature.▲USP34 tion corresponds to that of the System suitability solution, as

• LABELING:  Label containers of Injection to direct the user to obtained in the Assay.
discard any unused portion.

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(1) [Jan.–Feb. 2010] IN-PROCESS REVISION 101

• C. IDENTIFICATION TESTS—GENERAL, Bromide 〈191〉:  Meets the Standard stock solution:  20 mg/L of palladium reference
requirements of the silver nitrate precipitate test stock solution (NIST traceable) in water

Sample solution:  7 mg/mL in water Aqua regia:  Carefully mix under a hood hydrochloric acid
and nitric acid (3:1).

ASSAY Standard solution A:  0.2 mg/L of palladium from the Stan-
• PROCEDURE dard stock solution in water

Diluent:  Methanol and water (1:19) Standard solution B:  1.0 mg/L of palladium from the Stan-
Buffer solution:  0.79 g/L of dibasic sodium phosphate dard stock solution in water
dihydrate and 2.46 g/L of anhydrous monobasic sodium phos- Standard solution C:  2.0 mg/L of palladium from the Stan-
phate in water dard stock solution in water. [NOTE—To obtain each of the

Solution A:  Methanol and Buffer solution (1:19) required Standard solutions, it is recommended that the re-
Solution B:  Acetonitrile quired volume of Standard stock solution be mixed with a
Mobile phase:  See the gradient table below. volume of Aqua regia equivalent to 5% of the final volume,

followed by water.]
System suitability solution:  A 1.6 mg/L solution of palla-Time Solution A Solution B
dium, prepared as directed for the Standard solutions (min)  (%)  (%)

Sample solution:  Weigh 1 g of Galantamine Hydrobromide.0 100 0
Transfer the sample to an appropriate digestion system, and6.0 100 0 digest using appropriate acids (e.g., nitric acid or mixtures of

20.0 95 5 nitric acid and sulfuric acid and mixtures of nitric acid and
35.0 85 15 hydrogen peroxide). After digestion, heat to dryness. Add 0.5
50.0 80 20 mL of Aqua regia and 2 mL of water. Warm gently to dissolve

any residue. Allow to cool. Transfer quantitatively to a 10-mL51.0 40 60
volumetric flask, and dilute with water to volume.55.0 40 60

Digestion blank solution:  A solution prepared as directed56.0 100 0 for the Sample solution, except to omit the sample.
60.0 100 0 Spectrometric conditions

(See Spectrophotometry and Light-Scattering 〈851〉.)System suitability solution:  1 mg/mL of USP Galantamine Mode:  Atomic absorption spectroscopy (flame)Hydrobromide Related Compounds Mixture RS in Diluent Analytical wavelength:  247.6 nm (0.2-nm slit width)Standard solution:  1.0 mg/mL of USP Galantamine Lamp:  Palladium hollow-cathodeHydrobromide RS in Diluent Blank solution:  Dilute 5 mL of Aqua regia with water toSample solution:  1.0 mg/mL of Galantamine Hydrobromide 100 mL.in Diluent System suitabilityChromatographic system Samples:  Standard solution A, Standard solution B, Standard(See Chromatography 〈621〉, System Suitability.) solution C, System suitability solution, and Blank solutionMode:  LC Using the Standard solutions and Blank solution, construct aDetector:  UV 230 nm calibration curve.Column:  4.6-mm × 10-cm; 3.5-µm packing L1 Suitability requirementsTemperature:  55° Correlation coefficient:  NLT 0.99Flow rate:  1.5 mL/min Recovery:  87.5%–112.5%, System suitability solutionInjection size:  20 µL [NOTE—Recovery is calculated using the calibration curve.]System suitability AnalysisSamples:  System suitability solution and Standard solution Samples:  Sample solution and Digestion blank solution[NOTE—For relative retention times, see Impurity Table 1.] Calculate the concentration of palladium in the Sample solu-Suitability requirements tion, using the calibration curve, corrected for the DigestionResolution:  NLT 4.5 between galantamine and 6α-hex- blank solution and the sample weight. Calculate theahydrogalantamine, System suitability solution amount of palladium in the Galantamine HydrobromideTailing factor:  NMT 2.0 for galantamine hydrobromide, taken to prepare the Sample solution.System suitability solution Acceptance criteria:  NMT 10 ppmRelative standard deviation:  NMT 1.0%, Standard
solution

Analysis Change to read:
Samples:  Standard solution and Sample solution
Calculate the percentage of C17H21NO3 · HBr in the portion of

Organic ImpuritiesGalantamine Hydrobromide taken:
• PROCEDURE

Result = (rU/rS) × (CS/CU) × 100 Diluent, Buffer solution, Solution A, Solution B, Mobile
phase, System suitability solution, Sample solution, Chro-

rU = peak response from the Sample solution matographic system, and ▲System suitability▲USP34 :  Pro-
rS = peak response from the Standard solution ceed as directed in the Assay.
CS = concentration of USP Galantamine Standard solution:  5.0 µg/mL of USP Galantamine

Hydrobromide RS in the Standard solution Hydrobromide RS in Diluent
(mg/mL) Analysis

CU = nominal concentration of Galantamine Samples:  Standard solution and Sample solution
Hydrobromide in the Sample solution (mg/mL) [NOTE—Ignore the peak due to bromide near the void vol-

Acceptance criteria:  98.0%–102.0% on the dried basis ume and any peak below 0.05%.]
Calculate the percentage of each impurity in the portion of

IMPURITIES Galantamine Hydrobromide taken, on the dried basis:
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% Result = (rU/rS) × (CS/CU) × (1/F) × [100/(100 − L)]
• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
• LIMIT OF PALLADIUM rU = peak response of each impurity from the Sample

[NOTE—Perform this test only if palladium is a known inor- solution
ganic impurity of the manufacturing process.] rS = peak response of galantamine from the Standard

solution
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CS = concentration of USP Galantamine Run buffer:  19.6 g/L of α-cyclodextrin hydrate in Back-
Hydrobromide RS in the Standard solution ground electrolyte solution. Pass the solution through a 0.22-
(mg/mL) µm filter

CU = nominal concentration of the Sample solution Standard solution:  5 µg/mL of USP Galantamine
(mg/mL) Hydrobromide Racemic RS in water. Pass the solution

F = relative response factor (see Impurity Table 1) through a 0.22-µm filter, discarding the first 8 mL.
L = Loss on Drying in percent Sample solution:  0.5 mg/mL of Galantamine Hydrobromide

Acceptance criteria:  See Impurity Table 1. in water. Pass the solution through a 0.22-µm filter, discard-
ing the first 8 mL.

Capillary rinse procedure:  Use separate Run buffer vials forImpurity Table 1
the capillary rinse and sample analysis. Proceed as directed in

Relative Relative Acceptance the table below.
 Retention  Response Criteria,

Name  Time  Factor NMT (%)
Step # Solution/Gas Time (min)•N-Desmethylga- 0.29 1.2 0.6• (RB 15-

1 0.1 N sodium hydroxide 15lantaminea Dec-2008)

2 Water 10•O-Desmethylga- 0.35 1.1 0.20• (RB 15-

3 Suitable gas 5lantamineb Dec-2008)

6β-Hexahydroga- 0.65 0.96 • 0.20•(RB 15-
[NOTE—If a new or dry capillary is being used, rinse with 1 Nlantamine •also Dec-2008) sodium hydroxide for 30 min, followed by rinsing with water forknown as ga-
15 min. Dry it with air or nitrogen for 10 min.]lantamine N-ox-

Electrophorectic systemidec,•(RB 15-Dec-2008) (See Capillary Electrophoresis 〈727〉, System Suitability.)
6β-Octahydroga- 0.82 0.81 0.35 Mode:  High performance CE
lantamine •d•(RB Detector:  UV 214 nm
15-Dec-2008) Column:  75-µm × 60-cm uncoated fused-silica

Galantamine 1.00 1.0 — Temperature:  20°
hydrobromide Applied voltage:  250 V/cm, positive polarity

6α-Hexahydroga- 1.16 0.95 •0.20•(RB 15- Run time:  35 min
lantamine •also Dec-2008) System suitability
known as epiga- Samples:  Standard solution. [NOTE—For the purpose of
lantaminee,•(RB 15- identification, the 4S, 8S stereoisomer elutes at an approxi-
Dec-2008) mate relative migration time (RMT) of 1.00, and the 4R, 8R

stereoisomer elutes at an RMT of about 1.05.]•Narwedineg 2.92 1.4▲1.9▲USP34  0.15• (RB 15-

Suitability requirements▲1.64▲USP34 Dec-2008)

Resolution:  NLT 2.5 between the two enantiomersTetrahydrogalant- 2.05 1.2 0.40
Relative standard deviation:  NMT 10% for the 4R,8Ramine •f•(RB 15-

stereoisomer peakDec-2008)
 Measure the migration times and peak responses: the migra-Any unspecified — 1.0 0.10
tion times for the 4R, 8R stereoisomer in the electropher-impurity
ograms for the Sample solution should not deviate by more

Total impuritiesh — — 1.0 than 5% of the migration time for the same component in•a (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-6H-benzofuro[3a,3,2-ef] the electropherogram of the Standard solution.
[2]benzazepin-6-ol. Analysis
 b (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-hydroxy-11-methyl-6H-benzofuro Samples:  Standard solution and Sample solution
[3a,3,2-ef][2]benzazepin-6-ol. Injection: [NOTE—Rinse the capillary between injections as
 c [4aS-(4aα,6β,8aR*)]-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H- follows: water for 5 min, followed by Run buffer for 5 min.
benzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide. Rinse times are based on a rinse pressure of 1.4 bar.]
 d [4aS-(4aα,6β,8aR*)]-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-meth- Sample solution:  34.5 mbar for 4 s
yl-6H-benzofuro[3a,3,2-ef][2]benzazepin-6-ol. Run buffer:  6.9 mbar for 5 s
 e [4aS-(4aα,6α,8aR*)]-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H- Calculate the corrected peak responses using the formula:
benzofuro[3a,3,2-ef][2]benzazepin-6-ol.
 f [4aS-(4aR*,8aR*)]-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-4aH-benzofuro Result = (r/m)
[3a,3,2-ef][2]benzazepine.
 g (4aS, 8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H-benzofuro r = peak response
[3a,3,2-ef][2]benzazepin-6-one. m = migration time of the peak, in min
 h Do not include the 4R,8R-stereoisomer. Calculate the limit of the 4R, 8R isomer, in percent, in the
• (RB 15-Dec-2008) portion of Galantamine Hydrobromide taken:

SPECIFIC TESTS Result = (rCU/rCS) × (CS/CU) × P × 100
• LOSS ON DRYING 〈731〉:  Dry a sample at 105° for 4 h: it loses

NMT 0.5% of its weight. rCU = average corrected peak responses for the 4R, 8R
isomer from the Sample solution

rCS = average corrected peak responses for the 4R, 8RAdd the following:
isomer from the Standard solution

CS = concentration of USP Galantamine
Hydrobromide RS in the Standard solution▲• ENANTIOMERIC PURITY
(mg/mL)[NOTE—If Galantamine Hydrobromide is not isolated from a

CU = concentration of Galantamine Hydrobromide innatural source, perform either Procedure 1 or Procedure 2.]
the Sample solution (mg/mL)Procedure 1

P = chiral purity of USP Galantamine HydrobromideBackground electrolyte solution:  8.9 g/L of dibasic sodium
Racemic RS, 0.5phosphate dihydrate in water. Adjust with phosphoric acid to

a pH of 3.0.
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Acceptance criteria:  NMT 0.10% of the 4R,8R stereoisomer BRIEFING
Procedure 2
[NOTE—Use low-actinic glassware and vials. It is recommended
that precautions be taken to protect all solutions from light.] Iodixanol Injection,  USP 32 page 2664. On the basis of com-Buffer:  8.2 g/L of sodium acetate in water ments received, the following revisions are proposed:Mobile Phase:  Acetonitrile and Buffer (1:49). Adjust with 1.  Delete Identification test A because it generated iodine va-acetic acid to a pH of 6.5 . pors. This is a potential safety hazard as halogen vaporsSystem suitability solution:  1.2 mg/ml of USP Galantamine can irritate the nose and eyes. Also, the Assay generatesHydrobromide RS and 3.6 µg/mL of USP Galantamine iodide and titrates the iodide content. Thus, the presenceHydrobromide Racemic RS in water. [NOTE—This solution will of iodine is indicated content. Thus, the presence of iodinecontain about 1.8 µg/mL of the 4R,8R stereoisomer.] is indicated, making the Identification test redundant.Sample solution:  1.2 mg/mL of Galantamine Hydrobromide 2.  Delete the Heavy Metals test as this test is already per-in water formed under the Iodixanol (drug substance) monograph.Chromatographic system Additionally it is not necessary to test drug products for(See Chromatography 〈621〉, System Suitability.) heavy metals.Mode:  LC 3.  Iodixanol Related Compond B used in Organic Impurities,Detector:  UV 230 nm Test 1, has been renamed Iohexol Related Compound AColumn:  4.0-mm × 15-cm; 5-µm packing L41. [NOTE— because they are chemically identical.Alternatively a 2.0-mm × 15.0-cm column containing 5-µm 4.  In the test for Limit of Free Iodide:L41 packing can be used with a recommended flow rate of a.  Clarify the concentration of acetic acid used for theabout 0.2 mL per min.] Analysis.Flow rate:  0.8 mL/min b.  Revise the Acceptance criteria to be harmonized withInjection size:  5 µL the corresponding text for Iohexol Injection.System suitability 5.  Include storage conditions to be consistent with the prod-Samples:  System suitability solution. [NOTE—The 4R,8R ste- uct’s approved label.reoisomer elutes first as the minor peak followed by the 6.  Remove reference to USP Iohexol Related Compound B RSmajor peak due to galantamine (which is the same as the from the Reference Standards section, as it is not used in the4S,8S stereoisomer).] monograph.Suitability requirements

Resolution:  NLT 3.0 between the 4R,8R stereoisomer and
galantamine peaks

(MD-PS: R. Ravichandran, H. Ramanathan.) RTS—C70571Relative standard deviation:  NMT 5.0% for the 4R,8R
stereoisomer peak

Analysis
Samples:  Sample solution

Iodixanol InjectionCalculate the percentage of 4R,8R stereoisomer in the por-
tion of Galantamine Hydrobromide taken:

DEFINITION
Result = 100 × [r4R, 8R/(r4R,8R+ r4S,8S)] Iodixanol Injection is a sterile solution of Iodixanol in Water for

Injection. It contains NLT 95.0% and NMT 105.0% of the la-
r4R,8R = peak area of the 4R,8R stereoisomer from the beled amount of iodixanol (C35H44I6N6O15), as organically

Sample solution bound iodine. It may contain stabilizers and buffers. It contains
r4S,8S = peak area of the galantamine peak from the no antimicrobial agents.

Sample solution
Acceptance criteria:  NMT 0.10% of the 4R,8R IDENTIFICATION
stereoisomer▲USP34

Delete the following:
Add the following:

▲• A. PROCEDURE
▲• OPTICAL ROTATION, Specific Rotation 〈781〉, Sample:  1 mL of Injection

[NOTE—If Galantamine Hydrobromide is isolated from a natu- Analysis:  Evaporate Sample to dryness, and heat the residue
ral source, perform the test for Optical Rotation.] in a crucible.

Acceptance criteria:  −90° to −100° Acceptance criteria:  Violet vapors are evolved.▲USP34
Sample solution:  20 mg/mL in water▲USP34

Change to read:ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Store at room temperature. Preserve

in well-closed containers.
• B.▲▲USP34  The retention times of the two major peaks of the

Sample solution correspond to those of Standard solution B, as
Add the following: obtained in Organic Impurities, Procedure, Test 2.

ASSAY
▲• LABELING:  Label it to state if the source is naturally derived or • PROCEDURE

is synthetic. If the source is not natural, perform either Proce- Sample solution:  Transfer 2 mL of the Injection to a glass-
dure 1 or Procedure 2 of the test for Enantiomeric Purity. If the stoppered, 125-mL conical flask, add 50 mL of 5% sodium
source is natural, perform the test for Optical Rotation 〈781〉, hydroxide solution and 1.0 g of powdered zinc, connect the
Specific Rotation.▲USP34 flask to a reflux condenser, and reflux for 1 h. Cool the flask

• USP REFERENCE STANDARDS 〈11〉 to room temperature, and rinse the condenser with 20 mL of
USP Galantamine Hydrobromide RS water, adding the rinsing to the refluxed solution. Filter the
USP Galantamine Hydrobromide Racemic RS mixture, rinsing the flask and the filter with several small por-
USP Galantamine Hydrobromide Related Compounds Mixture tions of water, and adding the filtered rinsings to the filtrate.
RS Add 20 mL of glacial acetic acid, dilute with water to 200.0

mL, and transfer 100.0 mL of this solution to a 250-mL coni-
cal flask.
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Analysis:  Titrate with 0.1 N silver nitrate VS using autotitra- compound C peak between the two principal iodixanol
tion. Each mL of 0.1 N silver nitrate is equivalent to 25.84 mg peaks. The area of the two iodixanol related compound D
of C35H44I6N6O15. [NOTE—The result must be corrected for any peaks is between 0.075% and 0.125% of the total area.
inorganic halides that may be present due to added stabilizers Add the areas of the two isomer peaks for iodixanol re-
or buffers.] lated compound D from each of the three injections of

Acceptance criteria:  95.0%–105.0% Standard solution B, and calculate the relative standard
deviation for the three summed areas: the relative stan-

IMPURITIES dard deviation is NMT 5%. Measure the height of the
iodixanol related compound C peak, and, if necessary, ad-
just the sensitivity of the amplifier to obtain a peak heightDelete the following:
between 80% and 100% of the full scale. Measure the
height, A, above the baseline of the iodixanol related
compound C peak and the height, B, above the baseline▲Inorganic Impurities
of the lowest part of the curve separating this peak from•  HEAVY METALS, Method II 〈231〉:  NMT 20 ppm▲USP34
the first principal iodixanol peak: A is NLT 1.3B. In the
chromatogram from the Control solution, iodixanol related

Change to read: compound C exhibits a measurable peak.
Analysis
Samples:  Blank solution, Sample solution A, and SampleOrganic Impurities solution B• PROCEDURE High-low chromatography:  Where it is specified to pro-Test 1 ceed as directed for High-low chromatography, for theSolution A:  Acetonitrile and water (1:1) chromatogram from Sample solution A, calculate the per-Solution B:  Water centage of each specified related compound in the por-Blank solution:  Water tion of iodixanol taken:Mobile phase:  See the gradient table below.

Result = (10 × X)/(0.1 × Y + Z)
Time Solution A Solution B
(min) (%) (%) X = peak area for each of the specified related com-

pounds from Sample solution A0 6 94
Y = total area of all the peaks eluted before and30 20 80

after iodixanol from Sample solution A, disre-
70 100 0 garding any peaks due to injection noise or
80 100 0 solvent
81 6 94 Z = sum of peak areas of iodixanol and any related
90 6 94 compounds which are eluted together with,

and between, the principal iodixanol peaks
Standard stock solution A:  12.5 mg/mL of anhydrous from Sample solution B
iodixanol from USP Iodixanol RS in water Iohexol:  If iohexol is present, it exhibits two peaks, with

Standard stock solution B:  0.25 mg/mL of anhydrous retention times of 0.37 and 0.39 relative to the main
iodixanol related compound C from USP Iodixanol Related iodixanol peak, in the chromatogram from Sample solu-
Compound C RS in water tion A. Draw a baseline at the height of the baseline from

Standard stock solution C:  0.025 mg/mL of anhydrous the Blank solution.
iodixanol related compound D from USP Iodixanol Related Calculate the total area of the two peaks and the percent-
Compound D RS in water age of iohexol in the portion of iodixanol taken as di-

Standard solution A:  2.5 mg/mL of Standard stock solu- rected for High-low chromatography.
tion A in water Iodixanol related compound B▲Iohexol related com-

Standard solution B:  Standard stock solution A, Standard pound A▲USP341:  If iodixanol related compound B is pres-
stock solution B, Standard stock solution C, and water ent, it elutes as a single peak with a retention time of
(5:2.5:2.5:15) 0.34 relative to the main iodixanol peak, in the chromato-

Sample solution A:  25 mg/mL of iodixanol obtained from gram from Sample solution A. Draw a baseline at the
a volume of Injection in water height of the baseline from the Blank solution. 

Sample solution B:  2.5 mg/mL of iodixanol obtained Calculate the area of the peak and the percentage of iodix-
from a volume of Injection in water anol related compound B in the portion of iodixanol

Control solution:  Sample solution A, Standard stock solu- taken as directed for High-low chromatography.
tion B, and water (5:2.5:42.5) Iodixanol related compound C:  If iodixanol related

Chromatographic system compound C is present, only the first and larger peak,
(See Chromatography 〈621〉, System Suitability.) with a retention time of 1.07 relative to the main iodixa-
Mode:  LC nol peak, is seen between the two principal iodixanol
Detector:  UV 254 nm peaks in the chromatogram from Sample solution A; the
Column:  4.6-mm × 25-cm; 5-µm packing L1 second iodixanol related compound C peak co-elutes with
Flow rate:  1 mL/min iodixanol. The area of the first and larger peak corre-
Injection size:  10 µL sponds to 80% of the total area of iodixanol related com-

System suitability pound C. Draw a vertical line through the minimum
Samples:  Blank solution, Standard solution A, Control solu- before the first and larger peak. Draw a horizontal base-
tion, and at least three replicates of Standard solution B line at the minimum after the first and larger peak.

Chromatograph the solutions as mentioned above. The Calculate the percentage of iodixanol related compound C
chromatogram from Standard solution A exhibits two or in the portion of iodixanol taken:
three principal unresolved peaks. If the chromatogram ex-
hibits two principal peaks, their relative areas are 60% Result = 12.5 × X2/(0.1 × Y + Z)
and 40%. If the chromatogram exhibits three principal

X2 = iodixanol related compound C peak areapeaks, their relative areas are 60%, 38%, and 2%. The
chromatogram from Standard solution B exhibits two re-

1 5-(Acetylamino)-N,N’-bis(2,3-dihydroxypropyl)-2,4,6-triiodo-1,3-solved peaks due to iodixanol related compound D that
benzenedicarboxamide.elute before the iodixanol peaks and one iodixanol related
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Y = total area of all the peaks eluted before and Calculate the percentage of the largest of these peaks as
after iodixanol from Sample solution A, disre- directed for High-low chromatography.
garding any peaks due to injection noise or Other unspecified related compounds:  Determine the
solvent area of any unspecified peak eluting between those of

Z = sum of peak areas of iodixanol and any related iodixanol. Draw the baseline between minima, and calcu-
compounds which are eluted together with, late the percentage as directed for High-low
and between, the principal iodixanol peaks chromatography.
from Sample solution B Individual impurities:  See Impurity Table 1 below.

Iodixanol related compound F2:  If iodixanol related
compound F is present, only the first and smaller peak Impurity Table 1
with a retention time of 0.8 relative to the main iodixanol

Acceptancepeak can be seen in the chromatogram from Sample solu-
Criteria,tion A; the second peak co-elutes with iodixanol. The area

 Name NMT (%)of the first and smaller peak corresponds to 25% of the
Iodixanol related compound B▲Iohexol related com- 0.2total area of iodixanol related compound F. Draw the
pound A▲USP34baseline at the height of the baseline from the Blank solu-

tion. Iodixanol related compound C 0.4
Calculate the percentage of iodixanol related compound F Iodixanol related compound F 0.2
in the portion of iodixanol taken: Iodixanol related compound G 0.2

Iohexol 0.6Result = 40 × X1/(0.1× Y + Z)
Overalkylated related compounds 1.0

X1 = actual observed area of the peak of iodixanol Any individual unspecified related compound 0.2
related compound F from Sample solution A Total unspecified related compounds 0.5

Y = total area of all the peaks eluted before and
after iodixanol from Sample solution A, disre- Total related compounds:  From each of the chro-
garding any peaks due to injection noise or matograms from Sample solution A, calculate the percent-
solvent age of all related compounds as the sum of the results for

Z = sum of peak areas of iodixanol and any related the peaks appearing between the two principal iodixanol
compounds which are eluted together with, peaks, and the area percent:
and between, the principal iodixanol peaks
from Sample solution B Result = [100 × (Y − X1 − X3 + X1/0.25 + X2/0.8 +

Iodixanol related compound G3:  If iodixanol related X3/0.85)]/10 × (0.1 × Y + Z)
compound G is present, the second and larger peak, with

Y = total area of all the peaks eluted before anda retention time of 1.18 relative to the last iodixanol
after iodixanol from Sample solution A, disre-peak, is seen in the chromatogram from Sample solution
garding any peaks due to injection noise orA; the first peak co-elutes with iodixanol. The area of the
solventsecond peak corresponds to 85% of the total area of

X1 = actual observed area of the peak of iodixanoliodixanol related compound G. Draw the baseline at the
related compound F from Sample solution Aheight of the baseline from the Blank solution. 

X3 = peak area of iodixanol related compound GCalculate the percentage of iodixanol related compound G
X2 = iodixanol related compound C peak areain the portion of iodixanol taken:
Z = sum of peak areas of iodixanol and any related

Result = 10 × X3/[0.85 × (0.1 × Y + Z)] compounds which are eluted together with,
and between, the principal iodixanol peaks

X3 = peak area of iodixanol related compound G from Sample solution B
Y = total area of all the peaks eluted before and Total impurities:  NMT 1.5%

after iodixanol from Sample solution A, disre- Test 2
garding any peaks due to injection noise or Solution A:  Acetonitrile
solvent Solution B:  Water

Z = sum of peak areas of iodixanol and any related Blank solution:  Water
compounds which are eluted together with, Mobile phase:  See the gradient table below.
and between, the principal iodixanol peaks
from Sample solution B

Time Solution A Solution BOveralkylated related compounds:  These compounds
(min) (%) (%)elute after iodixanol related compound G, with a reten-

0 85 15tion time greater than 1.18 relative to the last iodixanol
25 66 34peak. Draw the baseline at the height of the baseline

from the Blank solution, and determine the peak areas.
Standard stock solution A:  12.5 mg/mL of anhydrousCalculate the percentage of overalkylated related com-
iodixanol from USP Iodixanol RSpounds as directed for High-low chromatography.

Standard stock solution B:  0.025 mg/mL of anhydrousUnspecified related compounds:  Examine the chro-
iodixanol related compound D from USP Iodixanol Relatedmatograms from Sample solution A and the area of each
Compound D RSpeak eluting before or after iodixanol, other than those of

Standard stock solution C:  2.5 mg/mL of anhydrousiodixanol, specified related compounds, specified impuri-
iodixanol related compound E from USP Iodixanol Relatedties, and overalkylated related compounds. Draw the
Compound E RSbaseline at the height of the baseline from the Blank

Standard solution A:  2.5 mg/mL of anhydrous iodixanolsolution.
from Standard stock solution A diluted with water

2 2-[[Acetyl[3,5-bis[[(2,3-dihydroxypropyl)amino]carbonyl]-2,4,6- Standard solution B:  2.5 mg/mL of anhydrous iodixanol
triiodophenyl]amino]methyl]-N,N’-bis(2,3-dihydroxypropyl)-2,3-dihydro-5,7- and 0.0025 mg/mL of anhydrous related compound D
diiodo-4H-1,4-benzoxazine-6,8-dicarboxamide. from Standard stock solution A and Standard stock solution
3 4-Acetyl-2-[[acetyl[3,5-bis[[(2,3-dihydroxypropyl)amino]carbonyl]-2,4,6- B, respectively, diluted with water
triiodophenyl]amino]methyl]-N,N’-bis(2,3-dihydroxypropyl)-2,3-dihydro-5,7- Standard solution C:  2.5 mg/mL of anhydrous iodixanol
diiodo-4H-1,4-benzoxazine-6,8-dicarboxamide. and 0.25 mg/mL of anhydrous related compound E from
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Standard stock solution A and Standard stock solution C, re- • OSMOLALITY AND OSMOLARITY, Osmolarity 〈785〉:  270–310
spectively, diluted with water mOsmol/kg

Sample solution:  2.5 mg/mL of iodixanol from a volume • INJECTIONS 〈1〉:  Meets the requirements
of Injection

Chromatographic system Change to read:(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 254 nm • LIMIT OF FREE IODIDE
Column:  4.6-mm × 25-cm; 5-µm packing L8 Sample:  5.0 mL of Injection
Flow rate:  2.5 mL/min Analysis:  Transfer the Sample to a suitable container, add 2.0
Injection size:  10 µL mL of acetic acid solution ▲(1:5 glacial acetic acid in

System suitability water)▲USP34 and 30 mL of water, and titrate with 0.001 N sil-
Samples:  Standard solution A, three times of Standard so- ver nitrate VS. Each mL of 0.001 N silver nitrate is equivalent
lution B, Standard solution C, and Sample solution to 0.1269 mg of iodine. NMT 15.0 mL of 0.001 N silver ni-

The chromatogram from Standard solution A exhibits three trate is required.
principal unresolved peaks: the relative areas are 62%, Acceptance criteria:  NMT 20 mg of iodide/g▲NMT 0.02%
35%, and 3%; and the retention time of the last iodixa- based on the content of iodixanol▲USP34
nol peak is NMT 14 min. The chromatogram from Stan-
dard solution B exhibits two partially unresolved peaks due ADDITIONAL REQUIREMENTS
to iodixanol related compound D, with relative retention
times of 0.33 and 0.39, that elute before the iodixanol

Change to read:peaks: the peak area of iodixanol related compound D is
between 0.075% and 0.125% of the total area. Disregard
any peak due to the solvent. • PACKAGING AND STORAGE:  Preserve in single-dose containers ofDetermine the sum of the peak areas of the two isomers of Type I glass, protected from light, or in plastic containers.iodixanol related compound D for each of the three chro- ▲Store at controlled room temperature.▲USP34matograms from Standard solution B. • USP REFERENCE STANDARDS 〈11〉Relative standard deviation:  NMT 5% USP Iodixanol RSThe chromatogram from Standard solution C exhibits two USP Iohexol Related Compound B RSunresolved peaks due to iodixanol related compound E, ▲

▲USP34with relative retention times of 0.67 and 0.72, that elute USP Iodixanol Related Compound C RSbefore the iodixanol peaks. Adjust the sensitivity of the USP Iodixanol Related Compound D RSamplifier so that the peak heights are between 90% and USP Iodixanol Related Compound E RS100% of full scale of the highest peak.
Resolution:  NLT 5.0 between the first and largest iodixa-
nol related compound E peak and the first principal iodix-
anol peak BRIEFING

Analysis
Samples:  Standard solution A, three times of Standard so-
lution B, Standard solution C, and Sample solution Iohexol Injection,   USP 32 page 2667. On the basis of com-For the first chromatogram from Standard solution B, adjust ments received it is proposed to revise the dosage form mono-the sensitivity of the amplifier to obtain a peak height of graph as follows:15% of the first and larger peak that corresponds to 1.  Delete Identification test A because it generates iodine va-iodixanol related compound D. Use this sensitivity setting pors. This is a potential safety hazard as halogen vaporsfor the subsequent injections. can irritate the nose and eyes. Also, the assay generatesCompare the retention times of the peaks from Standard iodide and titrates the iodide content. Thus, the presencesolution C to those from the Sample solution. Iodixanol of iodine is indicated making identification redundant.related compound E exhibits two peaks, the second of 2.  Replace the TLC identification with the HPLC retentionwhich may partly overlap with another peak; use only the time from the test for Organic Impurities. There are twoarea of the first and larger peak, which corresponds to major peaks for Iohexol, and they can be easily used for60% of the total area of iodixanol related compound E. identification purposes.Draw a baseline at the height of the baseline from the 3.  Delete the requirement for Heavy Metals as it is not re-Blank solution. quired in the finished dosage form per ICH guidelines.Calculate the percentage of iodixanol related compound E Also, the drug substance monograph tests for the same.by dividing the area from the Sample solution by 0.6 and 4.  Revise the Packaging and Storage section to be consistentusing area percent. with the approved packaging statement.Iodixanol related compound H4:  Appears as a single
peak, with a shoulder, on the tail of the iodixanol peak. 
 Calculate the percentage of iodixanol related compound
H by using area percent. (RMI: R. Ravichandran.) RTS—C70571

Acceptance criteria:  NMT 0.3% of iodixanol related com-
pound E is found and NMT 0.6% of iodixanol related com-
pound H is found.

Iohexol Injection
SPECIFIC TESTS
• PH 〈791〉:  6.8–7.7 DEFINITION• BACTERIAL ENDOTOXINS TEST 〈85〉:  NMT 0.2 USP Endotoxin Iohexol Injection is a sterile solution of Iohexol in water for injec-Unit/50 mg of iodine tion. It contains NLT 95.0% and NMT 105.0% of the labeled

amount of Iohexol (C19H26I3N3O9) as organically bound iodine.4 5-[[3-[[3-[[[3-[[3-[[3,5-Bis-[[[2,3-dihydroxypropyl]amino]carbonyl]-2,4,6-
It may contain small amounts of suitable buffers and Edetatetriiodophenyl](acetylimino)]-2-hydroxypropyl](acetylimino)]-5-[[[2,3-dihydrox-
Calcium Disodium as a stabilizer. Iohexol Injection intended forypropyl]amino]carbonyl]-2,4,6-triiodophenyl]carbonyl]amino]-2-hydrox-
intravascular or intrathecal use contains no antimicrobialypropyl]oxy]-2-hydroxypropyl](acetylimino)]-N,N’-bis(2,3-dihydrox-
agents.ypropyl)-2,4,6-triiodo-1,3-benzendicarboxamide.
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IDENTIFICATION Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm stainless steel; packing L1Delete the following: Flow rate:  1.0 mL/min
Injection size:  10 µL

System suitability▲• A. PROCEDURE
Sample:  System suitability solutionAnalysis:  Evaporate 1 mL of Injection to dryness, and heat
[NOTE—The relative retention times for the exo-isomer ofthe residue so obtained in a crucible.
iohexol and the O-alkylated compounds are 1.0 and be-Acceptance criteria:  Violet vapors are evolved.▲USP34
tween 1.1 and 1.4, respectively.]

[NOTE—The peak area of iohexol related compound C is
Delete the following: 0.5 ± 0.1% in comparison to the total area of all the

peaks in the chromatogram.]
Suitability requirements

▲• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 Resolution:  NLT 20.0 between iohexol related com-
Standard solution:  10 mg/mL in methanol pound A and iohexol related compound C
Sample solution:  10 mg/mL in methanol Analysis
Developing solvent system:  n-Butyl alcohol, water, and gla- Sample:  Sample solution
cial acetic acid (50:25:11) Excluding peaks with a retention time between 0.84 (rela-

Analysis tive to the endo-isomer of iohexol [first main peak]) and
Samples:  Standard solution and Sample solution the endo-isomer of iohexol, calculate the percentage of O-
Develop the chromatogram, and locate the spots by short- alkylated compounds, and any other individual impurity
wavelength UV light.▲USP34 peak, in the portion of Iohexol taken:

Result = (rU/rT) × 100Add the following:

rU = peak response of each impurity
rT = sum of all the peak responses▲• The retention times of the major peaks in the Sample solu-

Acceptance criteriation match those of the major peaks in the System suitabil-
Individual impurity:  NMT 0.6% of O-alkylated com-ity solution in the test for Organic Impurities.▲USP34
pounds; NMT 0.1% of any other individual impurity

ASSAY Total impurities:  NMT 0.3 %, excluding O-alkylated
• PROCEDURE compounds

Analysis:  Transfer a volume of Injection, equivalent to 300
SPECIFIC TESTSmg of iodine, to a glass-stoppered, 250-mL conical flask. Add
• BACTERIAL ENDOTOXINS TEST 〈85〉:  NMT 0.2 USP Endotoxin25 mL of 1.25 N sodium hydroxide and 500 mg of powdered

Unit per 50 mg of iodinezinc, connect the flask to a reflux condenser, and reflux the
• PH 〈791〉:  6.8–7.7solution for 1 h. Cool the flask to room temperature, rinse the
• PARTICULATE MATTER IN INJECTIONS 〈788〉:  The Injection labeledcondenser with 20 mL of water, disconnect the flask from the

for intrathecal use meets the requirements for small-volumecondenser, and filter the mixture. Rinse the flask and the filter
injections.thoroughly with small portions of water, adding the rinsings

• FREE IODIDE:  Transfer 5.0 mL of Injection to a suitableto the filtrate. Add 5 mL of glacial acetic acid, and titrate with
container, add 20 mL of water, and titrate with 0.001 N silver0.1 N silver nitrate VS. Each mL of 0.1 N silver nitrate is
nitrate VS using a silver electrode in combination with an ap-equivalent to 27.37 mg of C19H26I3N3O9.
propriate reference electrode. Each mL of 0.001 N silver nitrateAcceptance criteria:  95.0%–105.0%
is equivalent to 0.1269 mg of iodine.

IMPURITIES Acceptance criteria:  NMT 0.02%, based on the content of
iohexol

• INJECTIONS 〈1〉:  Meets the requirementsDelete the following:
ADDITIONAL REQUIREMENTS

▲Inorganic Impurities
• HEAVY METALS, Method I 〈231〉:  NMT 20 ppm▲USP34 Change to read:
Organic Impurities
• PROCEDURE

• PACKAGING AND STORAGE:  Preserve Injection intended for in-Solution A:  Acetonitrile
travascular or intrathecal use in single-dose containers of TypeSolution B:  Water
I glass ▲or plastic bottles,▲USP34 protected from light. ▲Store atMobile phase:  The percentage of Solution A increases from
controlled room temperature.▲USP341% to 13% at a rate of 0.2%/min.

• LABELING:  Label containers of Injection to direct the user toSystem suitability solution:  1.5 mg/mL, 0.0075 mg/mL,
discard any unused portion. The labeling states also that it isand 0.0069 mg/mL each of USP Iohexol RS, USP Iohexol
not to be used if it is discolored or contains a precipitate.Related Compound A RS, and USP Iohexol Related Com-
Label it also to state its routes of administration.pound C RS in water

• USP REFERENCE STANDARDS 〈11〉Sample solution:  1.5 mg/mL of Iohexol
USP Endotoxin RSChromatographic system
USP Iohexol RS(See Chromatography 〈621〉, System Suitability.)
USP Iohexol Related Compound A RS
USP Iohexol Related Compound B RS
USP Iohexol Related Compound C RS
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BRIEFING Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm×15-cm column; 5-µm packing L1
Flow rate:  1 mL/min Irbesartan and Hydrochlorothiazide Tablets,  USP 32
Injection size:  20 µLpage 2688. On the basis of comments received, it is proposed

System suitabilityto revise the Assay procedure, to add an infrared spectroscopic
Sample:  Standard solutionidentification test, and also to add a test for Organic Impurities
Suitability requirementsbased on validated test procedures. The proposed liquid chro-

Resolution:  NLT 2.0 between hydrochlorothiazide andmatographic procedures in the Assay and Organic Impurities are
irbesartanperformed using a Zorbax CN brand of column that contains 5-

Relative standard deviation:  NMT 2.0%µm packing L10. The typical retention time for irbesartan is
Analysisabout 30 min and for hydrochlorothiazide is about 5 min under
Samples:  Standard solution and Sample solutionthe specified conditions for the Assay.
Calculate the percentage of irbesartan (C25H28N6O) and hy-
drochlorothiazide (C7H8ClN3O4S2) in the portion of Tablets
taken:

(MD-CV: S. Ramakrishna.) RTS—C65529
Result = (RU/RS) × (CS/CU) × 100

RU = peak area of corresponding analyte from the
Irbesartan and Hydrochlorothiazide Sample solution

RS = peak area of corresponding analyte from theTablets
Standard solution

CS = concentration of appropriate USP ReferenceDEFINITION
Standard in the Standard solution (mg/mL)Irbesartan and Hydrochlorothiazide Tablets contain NLT 90.0%

CU = nominal concentration of appropriate analyte inand NMT 110.0% of the labeled amounts of irbesartan
the Sample solution (mg/mL)(C25H28N6O) and hydrochlorothiazide (C7H8ClN3O4S2).

▲Buffer:  Dissolve 1.36 g of monobasic potassium phosphate
in 900 mL of water, add 2 mL of triethylamine, and adjustIDENTIFICATION
with phosphoric acid to a pH of 3.0. Dilute further to 1 L.

Mobile phase:  Acetonitrile, methanol, and Buffer (13:20:67)
Add the following: Acidified water:  Adjust with phosphoric acid (or sodium hy-

droxide, if necessary) to a pH of 2.0 ± 0.1.
Extraction solution:  Methanol and Acidified water (7:3)▲• A. INFRARED ABSORPTION 〈197K〉▲USP34 Irbesartan standard stock solution:  Dissolve USP Irbesartan
RS in a suitable volumetric flask in methanol (1/5 of the vol-
ume of the flask), and dilute with Extraction solution to prepareAdd the following:
a 0.6 mg/mL solution. Sonicate for 2 min.

Hydrochlorothiazide standard stock solution:  Dissolve USP
▲B.▲USP34  The relative retention time of the major peaks from the Hydrochlorothiazide RS in methanol (1/20 of the volume of
Sample solution corresponds to that of the Standard solution, as the flask), and dilute with Extraction solution to prepare a 0.1
obtained in the Assay. mg/mL solution. Sonicate for 2 min.

Irbesartan related compound A standard stock solution:
ASSAY 0.1 mg/mL of solution in methanol. Sonicate for 2 min.

Benzothiadiazine related compound A standard stock solu-
tion:  0.05 mg/mL of solution in methanol. Sonicate for 2Change to read:
min.

Standard solution:  0.24 mg/mL of irbesartan and 0.02
• PROCEDURE mg/mL of hydrochlorothiazide from the Irbesartan standard

Solution A:  Add 1.0 mL of triethylamine to 1000 mL of stock solution and the Hydrochlorothiazide standard stock solu-
water, and adjust with phosphoric acid to a pH of 3.5. tion in the Extraction solution

Mobile phase:  Acetonitrile and Solution A (1:1) System suitability solution:   Prepare 0.05 mg/mL of USP
Standard solution:  Transfer 25 mg of USP Hydrochlorothia- Irbesartan RS, 0.005 mg/mL of USP Hydrochlorothiazide RS,
zide RS to a 100-mL volumetric flask, add 25J mg of USP 1.0 µg/mL of USP Irbesartan Related Compound A RS, and
Irbesartan RS, J being the ratio of the labeled amount, in mg, 3.0 µg/mL of USP Benzothiadiazine Related Compound A RS
of irbesartan to the labeled amount, in mg, of hydrochlorothi- in the Extraction solution from the respective standard stock
azide per Irbesrtan and Hydrochlorothiazide Tablet. Dissolve in solutions
and dilute with Mobile phase to volume. Sample stock solution:   0.75 mg/mL of irbesartan from NLT

Sample solution:  Weigh and finely powder NLT 20 Irbesrtan 5 Tablets in a suitable volumetric flask. Add Acidified water up
and Hydrochlorothiazide Tablets. Transfer a portion of powder, to 30% of the volume of the flask and sonicate until the Tab-
equivalent to 25 mg of hydrochlorothiazide, to a 100-mL vol- lets disintegrate. Add methanol to fill the flask up to 90% of
umetric flask. Add 80 mL of Mobile phase, and stir on a mag- the total volume. Sonicate for 5 min and stir. Dilute with
netic stir plate for 15 min. Dilute with Mobile phase to vol- methanol to volume, and pass through a 0.45-µm filter.
ume, and mix. Centrifuge a portion of this solution for 10 Sample solution:  0.225 mg/mL of Irbesartan in the Extraction
min, and use the clear supernatant. solution from the Sample stock solution. [NOTE—The hydrochlo-

Chromatographic system rothiazide concentration may vary depending on the ratio of
(See Chromatography 〈621〉, System Suitability.) irbesartan to hydrochlorothiazide in the Tablet.]

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode:  LC rS = peak response of irbesartan in the Standard solu-
Detector:  UV 220 nm tion
Column:  4.6-mm × 25-cm; 5-µm packing L10 CS = concentration of USP Irbesartan RS in the Stan-
Flow rate:  1.5 mL/min dard solution  (mg/mL)
Injection volume:  10 µL CU = nominal concentration of irbesartan in the Sam-

System suitability ple solution (mg/mL)
Samples:  Standard solution and System suitability solution Calculate the percentage of benzothiadiazine related com-
Suitability requirements pound A in the portion of Tablets taken:

Resolution:  NLT 1.7 between irbesartan and irbesartan re-
Result = (rU/rS) × (CS/CU) × 1/F × 100lated compound A and NLT 1.7 between hydrochlorothia-

zide and benzothiadiazine related compound A; System
rU = peak response of benzothiadiazine related com-suitability solution

pound A in the Sample solutionRelative standard deviation:  NMT 1.5% for both
rS = peak response of hydrocholorothiazide in theirbesartan and hydrochlorothiazide peaks; Standard solution

Standard solutionAnalysis
CS = concentration of USP Hydrocholorothiazide RS inSamples:  Standard solution and Sample solution

the Standard solution  (mg/mL)Calculate the percentage of C25H28N6O and C7H8ClN3O4S2 in
CU = nominal concentration of hydrochlorothiazide inthe portion of Tablets taken:

the Sample solution (mg/mL)
F = relative response factor. [NOTE—See Impurity Ta-Result = (rU/rS) × (CS/CU) × 100

ble 1.]
rU = peak area response of irbesartan or hydrochloro- Calculate the percentage of any other individual impurity in

thiazide in the Sample solution the portion of Tablets taken:
rS = peak area response of irbesartan or hydrochloro-

Result = (rU/rT) × 100thiazide in the Standard solution
CS = concentration of USP Irbesartan RS or USP Hy-

rU = peak response of each other impurity in thedrochlorothiazide RS in the Standard solution
Sample solution(mg/mL)

rT = sum of the peak responses excluding hydrochlo-CU = nominal concentration of irbesartan or hydro-
rothiazide and benzothiadiazine related com-chlorothiazide in the Sample solution (mg/mL)
pound A from the Sample solution ▲USP34

Acceptance criteriaAcceptance criteria:  90.0%–110.0%
Individual impurities:  See Impurity Table 1.

PERFORMANCE TESTS Total impurities:  NMT 1.5% (sum of all other unknown
• DISSOLUTION 〈711〉 impurities, irbesartan related compound A and

Medium:  0.01 N hydrochloric acid; 900 mL benzothiadiazine related compound A)
Apparatus 2:   50 rpm
Time:  45 min Impurity Table 1
Mobile phase:  Prepare as directed in the Assay.
Standard solution:  USP Hydrochlorothiazide RS in Medium Relative Relative Acceptance
Sample solutions:  Sample per Dissolution 〈711〉. Dilute with Retention Response Criteria,
Medium to a concentration that is similar to the Standard Name Time Factor NMT (%)
solution. Benzothiadiazine related 0.15 1.0 0.3

Chromatographic system:  Proceed as directed in the Assay. compound A
Injection volume:  50 µL Hydrochlorothiazide 0.18 — —
Analysis

Irbesartan related com- 0.86 1.3 1.0Samples:  Standard solution and filtered portions of the Sam-
pound Aple solutions

Irbesartan 1.00 — —Calculate the quantities of C25H28N6O and C7H8ClN3O4S2 dis-
Any other individual un- — 1.0 0.1solved and similarly chromatographed.
identified impurityTolerances:  NLT 75% (Q) of the labeled amounts of

C25H28N6O and C7H8ClN3O4S2 are dissolved.
▲USP34• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

ADDITIONAL REQUIREMENTSIMPURITIES
• PACKAGING AND STORAGE:  Preserve in well-closed containers.

Add the following:
Change to read:

▲Organic Impurities
• USP REFERENCE STANDARDS 〈11〉• PROCEDURE

USP Hydrochlorothiazide RSBuffer, Mobile phase, Acidified water, Extraction solution,
USP Irbesartan RSSystem suitability solution, Standard solution, Sample so-
▲USP Irbesartan Related Compound A RSlution, Chromatographic system, and System suitability:

1-pentanoylamino-cyclopentanecarboxylic acid [2’-(1H-tetra-Proceed as directed in the Assay.
zol-5-yl)-biphenyl-4-ylmethyl]-amideAnalysis
(C25H30N6O2  446.54)Samples:  Standard solution and Sample solution

USP Benzopthiadaizine Related Compound A RSCalculate the percentage of irbesartan related compound A
4-amino-6-chloro-1,3-benzenedisulfonamidein the portion of Tablets taken:
(C6H8ClN3O4S2  285.73)▲USP34

Result = (rU/rS) × (CS/CU) ×100

rU = peak response of irbesartan related compound A
in the Sample solution
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BRIEFING Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/minLamotrigine Tablets.  Because there is no existing USP mono-
Injection size:  10 µLgraph for this dosage form, a new monograph, based on vali-

System suitabilitydated methods of analysis, is being proposed. The liquid chro-
Sample:  Standard solutionmatographic procedure in the Assay is based on analysis
Suitability requirementsperformed with an Inertsil ODS-3V brand of L1 column. The

Tailing factor:  NMT 2.0 for lamotriginetypical retention time for lamotrigine is 2.7 min. The Organic
Relative standard deviation:  NMT 2.0% for lamotrigineImpurities method is based on analysis performed with a Discov-

Analysisery HS C18 brand of L1 column. The typical retention times for
Samples:  Standard solution and Sample solutionlamotrigine related compound B and lamotrigine are 5.1 and
Calculate the percentage of C9H7Cl2N5 in the portion of Tab-7.6 min, respectively. The chromatographic procedure in the
lets taken:Dissolution was validated using a XTerra RP-18 brand of L1 pack-

ing. The retention time for lamotrigine is about 2.5 min.
Result = (rU/rS) × (CS/CU) × 100

rU = peak response of the Sample solution
(MD-PP: R. Ravichandran. BPC:  M. Marques.) RTS—C72552; rS = peak response of the Standard solution

C75104; 69512; 69563 CS = concentration of USP Lamotrigine RS in the Stan-
dard solution (mg/mL)

CU = nominal concentration of lamotrigine in the
Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%
Add the following: PERFORMANCE TESTS

• DISSOLUTION 〈711〉
Test 1▲Lamotrigine Tablets Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 2:  50 rpm

DEFINITION Time:  30 min
Lamotrigine Tablets contain NLT 90.0% and NMT 110.0% of Determine the amount of C9H7Cl2N5 dissolved by using one of

lamotrigine (C9H7Cl2N5). the following methods:
Spectrometric methodIDENTIFICATION Standard stock solution:  Dissolve a suitable quantity of• A. ULTRAVIOLET ABSORPTION 〈197U〉 USP Lamotrigine RS in a volumetric flask to obtain a con-Standard solution:  0.02 mg/mL of USP Lamotrigine RS in centration of 0.15 mg/mL of Medium. [NOTE—Dissolve first0.01 N hydrochloric acid in 5% of the flask volume of methanol before dilution withSample solution:  0.02 mg/mL of lamotrigine from crushed Medium to volume.]powdered Tablets in 0.01 N hydrochloric acid Standard solution:  L/1000 mg/mL of USP Lamotrigine RSAcceptance criteria:  The spectra of the Standard solution and from the Standard stock solution in Medium where L is theSample solution exhibit maxima and minima at the same label claim in mgwavelengths. Sample solution:  Pass a portion of the solution under test• B.   The retention time of the lamotrigine peak of the Sample through a suitable 0.45-µm filter. Dilute with Medium tosolution corresponds to that of the Standard solution, as ob- obtain a solution of a final theoretical concentration oftained in the Assay. L/1000 mg/mL, where L is the Tablet label claim in mg,

considering complete dissolution of the label claim.ASSAY
Mode:  UV• PROCEDURE
Analytical wavelength:  267 nmBuffer:  0.77 g/L of ammonium acetate. Adjust with glacial
Blank:  Mediumacid to a pH of 4.5.

 Calculate the percentage of lamotrigine dissolved:Mobile phase:  Methanol and Buffer (3:2)
Standard solution:  0.05 mg/mL of USP Lamotrigine RS in

Result = (AU/AS) × (CS/L) × V × 100Mobile phase
Sample solution:  Transfer NLT 20 Tablets to a suitable volu- AU = absorbance of the Sample solutionmetric flask to obtain a nominal concentration of lamotrigine AU = absorbance of the Standard solutionof 1.0 mg/mL. Dissolve in 70% of the flask volume of the CS = concentration of the Standard solution (mg/mL)Mobile phase by sonicating for 20 min. Dilute with Mobile L = Tablet label claim (mg)phase to volume. Centrifuge the solution. Quantitatively dilute V = volume of Medium, 900 (mL)a suitable volume of centrifugate with Mobile phase to obtain Chromatographic methoda nominal concentration of 0.05 mg/mL of lamotrigine. Buffer solution and Mobile phase:  Prepare as directed inChromatographic system the Assay.(See Chromatography 〈621〉, System Suitability.) Standard stock solution:  Dissolve a suitable quantity of

USP Lamotrigine RS in a volumetric flask to obtain a con-
centration of 0.5 mg/mL of Medium. [NOTE—Dissolve first
in 15% of the flask volume of methanol before dilution
with Medium to volume.]

Standard solution:  L/1000 mg/mL of USP Lamotrigine RS
from the Standard stock solution in Medium where L is the
label claim in mg

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

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode:  LC Analysis
Column:  4.6 mm × 15 cm; 5-µm packing L1 Samples:  Standard solution and Sample solution
Detector:  UV 310 nm Calculate the percentage of any individual impurity in the
Flow rate:  1 mL/min portion of lamotrigine taken:
Injection size:  See the table below.

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

Label Claim Injection Size rU = peak response of each individual impurity from
 (mg/Tablet) (µL) the Sample solution

25 50 rS = peak response of lamotrigine from the Standard
solution100, 150, 200 10

CS = concentration of USP Lamotrigine RS in the Stan-
System suitability dard solution (mg/mL)

Sample:  Standard solution CU = nominal concentration of lamotrigine in the
Suitability requirements Sample solution (mg/mL)
Tailing factor:  NMT 2.0 for lamotrigine F = relative response factor for the corresponding
Relative standard deviation:  NMT 2.0% impurity obtained from Impurity Table 1

 Calculate the percentage of lamotrigine dissolved: Acceptance criteria
Individual impurities:  See Impurity Table 1.

Result = (rU/rS) × (CS/L) × V × 100 Total impurities:  NMT 0.75%

rU = peak response of the Sample solution
Impurity Table 1rS = peak response of the Standard solution

CS = concentration of the Standard solution (mg/mL) Relative Relative Acceptance
L = Tablet label claim (mg) Retention Response Critieria,
V = volume of Medium, 900 (mL) Name Time Factor NMT (%)
Tolerances:  NLT 80% (Q) of the labeled amount of lamo- Lamotrigine related 0.67 0.75 0.2trigine is dissolved. compound Ba

Test 2:  If the product complies with this test, the labeling
Any individual unspeci- — 1.0 0.2indicates that it meets USP Dissolution Test 2.
fied degradation im-Medium, Apparatus, and Time:  Proceed as directed for Test
purity1.

a2,3-dichlorobenzoic acid.Determine the amount of lamotrigine dissolved using either
the Spectrometric or Chromatographic method described in ADDITIONAL REQUIREMENTS
Test 1. • PACKAGING AND STORAGE:  Preserve in well-closed containers

Tolerances:  NLT 75% (Q) of the labeled amount of lamo- and store at controlled room temperature.
trigine is dissolved. • LABELING:  When more than one Dissolution test is given, the• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements. labeling states the Dissolution test is used only if Test 1 is not

used.IMPURITIES • USP REFERENCE STANDARDS 〈11〉Organic Impurities
USP Lamotrigine RS• PROCEDURE
USP Lamotrigine Related Compound B RS▲USP34Buffer:  Prepare as directed in the Assay.

Diluent:  Methanol and Buffer (3:2)
Standard solution:  1.0 µg/mL of USP Lamotrigine RS in
Diluent BRIEFINGSystem suitability solution:  1 µg/mL of Lamotrigine Related
Compound B RS and 0.4 mg/mL of USP Lamotrigine RS in
Diluent

Letrozole,  USP 32 page 2756. On the basis of comments re-Mobile phase:  Acetonitrile, methanol, and Buffer (1:3:6)
ceived and the supporting validation data, several changes areSample solution:  Transfer NLT 20 Tablets to a suitable volu-
proposed.metric flask to obtain a nominal concentration of lamotrigine

In the Assay, a note on preparation procedure is added to theof about 0.4 mg/mL. Dissolve in 70% of the flask volume of
Standard solution and the Sample solution.the Mobile phase by sonicating and shaking intermittently for

In the test for Organic Impurities, the following changes are30 min. Dilute with Diluent to volume. Pass through a 0.45-
proposed:µm membrane filter.
1.  The Standard solution is revised to use USP Letrozole RS,Chromatographic system

and a note on the preparation is added.(See Chromatography 〈621〉, System Suitability.)
2.  The Chromatographic system is revised to use the system inMode:  LC

the Assay.Detector:  UV 210 nm
3.  In Suitability requirements, the Resolution requirement is re-Column:  4.6-mm × 25-cm; 5-µm packing L1

vised to 2.0.Flow rate:  1 mL/min
4.  The calculation of impurities is revised.Injection size:  5 µL
5.  In the Analysis, in Impurity Table 1, the chemical nameSystem suitability

4,4’,4’’-methylidenetrisbenzonitrile is changed to 4,4’,4’’-Samples:  Standard solution and System suitability solution
methanetriyltribenzonitrile to be consistent with the nameSuitability requirements
in the European Pharmacopoeia.Resolution:  NLT 2.0 between lamotrigine related com-

6.  In Impurity Table 1, the relative retention times arepound B and lamotrigine, System suitability solution
changed, and a note is added stating the “disregard” limitTailing factor:  NMT 2.0 for lamotrigine, Standard
for percentage of unspecified impurities.solution

Relative standard deviation:  NMT 10.0% for lamo-
trigine, Standard solution

(MD-OOD: F. Mao.) RTS—C77517
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Acceptance criteria:  98.0%–102.0% on the anhydrous basisLetrozole
IMPURITIES
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
• HEAVY METALS, Method II 〈231〉:  10 ppm

Change to read:

C17H11N5 285.31 Organic ImpuritiesBenzonitrile, 4,4′-(1H-1,2,4-triazol-1-ylmethylene)bis-; • PROCEDURE4,4′-(1H-1,2,4-Triazol-1-ylmethylene)dibenzonitrile [112809-51-5]. Solution A, Solution B, Mobile phase, and Diluent:  Pro-
ceed as directed in the Assay.DEFINITION

▲Chromatographic system:  Proceed as directed in theLetrozole contains NLT 98.0% and NMT 102.0% of C17H11N5, cal-
Assay.▲USP34culated on the anhydrous basis.

System suitability solution:  2 µg/mL of USP Letrozole Re-
lated Compound A RS and 10 µg/mL of USP Letrozole RS inIDENTIFICATION
Diluent. ▲[NOTE—Dissolve letrozole and letrozole related com-• A. INFRARED ABSORPTION 〈197M〉
pound A in acetonitrile, then dilute with water.]▲USP34• B.  The retention time of the major peak of the Sample solu-

Standard solution:  1 µg/mL of Letrozole in Diluent, fromtion corresponds to that of the Standard solution, as obtained
Sample solution▲1 µg/mL of USP Letrozole RS in Diluent.in the Assay.
[NOTE—Dissolve letrozole in acetonitrile, then dilute with

ASSAY water.]▲USP34

Sample solution:  Transfer 25 mg of Letrozole to a 250-mL
volumetric flask. Dissolve in 75 mL of acetonitrile, and diluteChange to read:
with water to volume.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)• PROCEDURE
Mode:  LCSolution A:  Water
Detector:  UV 230 nmSolution B:  Acetonitrile
Column:  4.6-mm × 12.5-cm; 5-µm packing L1Mobile phase:  See the gradient table below.
Flow rate:  1 mL/min
Injection size:  15 µLTime Solution A Solution B
▲

▲USP34 (min)  (%)  (%) System suitability
0 70 30 Samples:  System suitability solution and Standard solution
25 30 70 [NOTE—The relative retention times for letrozole related

compound A and letrozole are about 0.68 and 1.0, re-
Diluent:  Acetonitrile and water (3:7) spectively.]▲

▲USP34Standard solution:  10 µg/mL of USP Letrozole RS in Diluent. Suitability requirements
▲[NOTE—Dissolve letrozole in acetonitrile, then dilute with Resolution:  NLT 1.5▲2.0▲USP34 between letrozole related
water.]▲USP34 compound A and letrozole, System suitability solution

Sample solution:  10 µg/mL of Letrozole in Diluent. ▲[NOTE— Relative standard deviation:  NMT 10.0%, Standard
Dissolve letrozole in acetonitrile, then dilute with water.]▲USP34 solution

Chromatographic system Analysis
(See Chromatography 〈621〉, System Suitability.) [NOTE—4,4′,4′′-Methylidenetrisbenzonitrile may be present;
Mode:  LC its relative retention time is about 1.9.]
Detector:  UV 230 nm ▲

▲USP34Column:  4.6-mm × 12.5-cm; 5-µm packing L1 Samples:  Sample solution and Standard solution
Flow rate:  1 mL/min Calculate the percentage of each impurity in the portion of
Injection size:  20 µL Letrozole taken:

System suitability
Sample:  Standard solution Result = (rU/rR) × 100
Suitability requirements

Tailing factor:  0.8–1.5 rU = peak response of letrozole related compound A,
Relative standard deviation:  NMT 2.0% 4,4′,4′′-methylidenetrisbenzonitrile, or any oth-

Analysis er impurity of the Sample solution
Samples:  Standard solution and Sample solution rR = peak response of Letrozole of the Standard solu-
Calculate the percentage of C17H11N5 in the portion of Le- tion
trozole taken:

▲Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (CS/CU) × 100

rU = peak response of each individual impurity from
rU = peak response from the Sample solution the Sample solution
rS = peak response from the Standard solution rS = peak response of letrozole from the Standard so-
CS = concentration of USP Letrozole RS in the Stan- lution

dard solution (mg/mL) CS = concentration of USP Letrozole RS in the Stan-
CU = nominal concentration of letrozole in the Sample dard solution (mg/mL)

solution (mg/mL) CU = concentration of Letrozole in the Sample solution
(mg/mL)

▲USP34

Acceptance criteria
Individual impurities:  NMT 0.3% letrozole related com-
pound A; NMT 0.2% 4,4′,4′′-methylidenetrisbenzonitrile;
NMT 0.1% of any other individual impurity
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Total impurities:  NMT 0.3% of all other impurities Letrozole Tablets
▲Individual impurities:  See Impurity Table 1.
Total unspecified impurities:  NMT 0.3% DEFINITION

Letrozole Tablets contain NLT 95.0% and NMT 105.0% of the
Impurity Table 1 labeled amount of letrozole (C17H11N5).

Relative Acceptance IDENTIFICATION
Retention Criteria, • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

Name Time NMT (%) Sample solution:  Equivalent to 2 mg/mL of letrozole from
powdered tablets in methanol. [NOTE—Shake thoroughly, son-Letrozole related compound 0.67 0.3
icate for 10 min, and centrifuge.]Aa

Application volume:  5 µLLetrozole 1.0 —
Developing solvent system:  Ethyl acetate and methanol4,4’,4’’-Methanetriyl- 2.4 0.2
(9:1)tribenzonitrile

• B.  The retention time of the major peak of the Sample solu-
Any unspecified impurity — 0.1 tion corresponds to that of the Standard solution, as obtained
a 4,4′-(1H-1,3,4-triazol-1-ylmethylene)dibenzonitrile. in the Assay.
[NOTE—Disregard any unspecified impurity peaks less than ASSAY0.05%.]▲USP34

SPECIFIC TESTS Change to read:
• WATER DETERMINATION, Method I 〈921〉:  NMT 0.3%

ADDITIONAL REQUIREMENTS • PROCEDURE
• PACKAGING AND STORAGE:  Preserve in tight containers at a Diluent:  Acetonitrile and water (3:7)

controlled room temperature. Standard solution:  10 µg/mL of USP Letrozole RS in Diluent.
• USP REFERENCE STANDARDS 〈11〉 ▲[NOTE—Dissolve letrozole in acetonitrile and then dilute with

USP Letrozole RS water.]▲USP34
USP Letrozole Related Compound A RS Sample solution:  Equivalent to 50 mg of letrozole from Tab-

lets, in a 250-mL volumetric flask. Add 20 mL of water, and
shake for 5 min to dissolve the Tablets. Add 75 mL of acetoni-
trile, shake for 30 min, and dilute with water to volume. Cen-

BRIEFING trifuge a portion of the solution. Dilute a measured volume of
this solution with Diluent, to obtain a solution containing 10
µg/mL of letrozole.

Letrozole Tablets,  USP 32 page 2757. On the basis of com- System suitability solution:  2 µg/mL of USP Letrozole Re-
ments received and supporting validation data, several changes lated Compound A RS, 10 µg/mL of USP Letrozole RS in
are proposed. Diluent

In the Assay: ▲
▲USP34

1.  A note is added to clarify the preparation of the Standard Mobile phase:  Acetonitrile and water (12:13)
solution. Chromatographic system

2.  The System suitability solution is deleted. (See Chromatography 〈621〉, System Suitability.)
3.  In the Suitability requirements section, the Resolution re- Mode:  LC

quirement is removed, and the Tailing factor and the Rela- Detector:  UV 230 nm
tive standard deviation are revised. Column:  4.6-mm × 12.5-cm; 5-µm packing L1

In the test for Dissolution: Flow rate:  1 mL/min
1.  The Standard solution, the Sample solution, and the calcula- Injection size:  20 µL

tion are revised for clarity. System suitability
2.  The speed of rotation for Apparatus 2 is revised. Samples:  Standard solution and System suitability solution

The test procedure for Uniformity of Dosage Units is deleted, be- ▲
▲USP34

cause it is provided in the Assay. [NOTE—The relative retention times for letrozole related com-
In the test for Organic Impurities: pound A and letrozole are about 0.68 and 1.0, respectively.]

1.  Notes are added to clarify the preparation of the System Suitability requirements
suitability solution and the Standard solution. Resolution:  NLT 1.5 between letrozole related compound

2.  The Standard solution is revised to use USP Letrozole RS. A and letrozole, System suitability solution
3.  In the System suitability section, the Resolution requirement ▲

▲USP34
is revised. Tailing factor:  0.8–1.5, Standard solution▲

▲USP34
4.  In the Analysis, the impurity calculation is revised. Relative standard deviation:  NMT 2.0%, Standard solu-
5.  In the rewritten Impurity Table 1, the chemical name tion▲

▲USP34
4,4’,4‘-methylidenetrisbenzonitrile is changed to 4,4′,4′′- Analysis
methanetriyltribenzonitrile to be consistent with the Euro- Samples:  Standard solution and Sample solution
pean Pharmacopoeia. Calculate the percentage of C17H11N5 in the portion of Tab-

6.  In the rewritten Impurity Table 1, the relative retention lets taken:
times are changed. In addition, the limits for letrozole re-
lated compound A and 4,4′,4′′-methanetriyltribenzonitrile Result = (rU/rS) × (CS/CU) × 100
are deleted, because the impurities are process impurities

rU = peak response from the Sample Solutionand are monitored in the drug substance monograph.
rS = peak response from the Standard solution
CS = concentration of USP Letrozole RS in the Stan-

dard solution (µg/mL)(MD-OOD: F. Mao. BPC: M. Marques.) RTS—C71348 CU = nominal concentration of letrozole in the Sample
solution (µg/mL)
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Acceptance criteria:  95.0%–105.0% Tailing factor:  0.8–1.5
Relative standard deviation:  NMT 2.0% for letrozole

PERFORMANCE TESTS Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C17H11N5 in the Tablet taken:Change to read:

Result = (rU/rS) × (CS/CU) × 100
• DISSOLUTION 〈711〉

rU = peak response from the Sample solutionMedium:  0.1 N hydrochloric acid; 500 mL
rS = peak response from the Standard solutionApparatus 2:  75▲100▲USP34 rpm
CS = concentration of USP Letrozole RS in the Stan-Time:  30 min

dard solution (µg/mL)Standard solution:  USP Letrozole RS in Medium▲Transfer 50
CU = nominal concentration of letrozole in the Samplemg of USP Letrozole RS to a 1-L volumetric flask, dissolve in

solution (µg/mL)100 mL of acetonitrile, and dilute with Medium to volume.
▲

▲USP34Dilute this solution with Medium to obtain a final concentra-
tion of 0.005 mg/mL.▲USP34 IMPURITIESSample solution:  A filtered portion of solution under test.
▲Centrifuge a portion of the solution under test at 4000 rpm
for 5 min.▲USP34 Change to read:

Analysis:  Determine the amount of C17H11N5 dissolved by em-
ploying the following method.

Organic ImpuritiesMobile phase and Chromatographic system:  Prepare as di-
• PROCEDURErected in the Assay.

Solution A, Solution B, Diluent, and Mobile phase:  Pro-Inject filtered portion of the solution under test into the chro-
ceed as directed in the Assay.matograph, record the chromatogram, and measure the re-

System suitability solution:  2 µg/mL of USP Letrozole Re-sponses for the major peaks.
lated Compound A RS, 10 µg/mL of USP Letrozole RS inCalculate the quantity, in mg, of C17H11N5 dissolved in com-
Diluent.▲[NOTE—Dissolve letrozole and letrozole related com-parison with a Standard solution having a known concentra-
pound A in acetonitrile, then dilute with water.]▲USP34tion of USP Letrozole RS in the same Medium and similarly

Sample solution:  Equivalent to 0.1 mg/mL of letrazole, fromchromatographed.
dissolved whole tablets in Diluent. [NOTE—Shake Tablets for▲Calculate the percentage of letrozole dissolved:
about 15 min in a portion of Diluent to aid in dissolution;
centrifuge and use the supernatant.]Result = (rU/rS) × (CS/L) × V × 100

Standard solution:  1 µg/mL of Letrozole in Diluent, from
rU = peak response from the Sample solution Sample solution▲1 µg/mL of USP Letrozole RS in Diluent.
rS = peak response from the Standard solution [NOTE—Dissolve letrozole in acetonitrile, then dilute with
Cs = concentration of the Standard solution (mg/mL) water.]▲USP34

V = volume of Medium (mL), 500 Chromatographic system
▲USP34 (See Chromatography 〈621〉, System Suitability.)

Tolerances:  NLT 80% (Q) of the labeled amount of C17H11N5 Mode:  LC
is dissolved. Detector:  UV 230 nm

Column:  4.6-mm × 12.5-cm; 5-µm packing L1
Flow rate:  1 mL/minChange to read: Injection size:  50 µL

System suitability
Samples:  System suitability solution and Standard solution• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
Suitability requirementsProcedure for content uniformity
Resolution:  NLT 1.5▲2.0▲USP34 between letrozole relatedDiluent:  Water and acetonitrile (7:3)
compound A and letrozole, System suitability solutionStandard solution:  10 µg/mL of USP Letrozole RS in Diluent

Relative standard deviation:  NMT 10.0% for letrozole,Sample solution:  1 Tablet in a 250-mL volumetric flask, add
Standard solution15 mL of Mobile phase, and shake to dissolve. Dilute with

AnalysisMobile phase to volume, mix, and centrifuge a portion of the
Samples:  Standard solution and Sample solutionsolution.
Calculate the percentage of each impurity in the portion ofSystem suitability solution:  2 µg/mL of USP Letrozole Re-
Tablets taken:lated Compound A RS, 10 µg/mL of USP Letrozole RS in

Diluent Result = ri/rUMobile phase:  Water and acetonitrile (13:12)
Chromatographic system ri = peak response of letrozole related compound A,(See Chromatography 〈621〉, System Suitability.) 4,4’,4‘-methylidenetrisbenzonitrile, or any oth-Mode:  LC er impurity from the Sample solutionDetector:  UV 230 nm rU = peak response of letrozole from the Standard so-Column:  4.6-mm × 12.5-cm; 5-µm packing L1 lutionFlow rate:  1 mL/min ▲Calculate the percentage of each impurity in the portion ofInjection size:  20 µL Tablets taken:System suitability

Samples:  Standard solution and System suitability solution Result = (rU/rS) × (CS/CU) × 100
[NOTE—The relative retention times for letrozole related com-
pound A and letrozole are about 0.68 and 1.0, respectively.] rU = peak response of each individual impurity from
Suitability requirements the Sample solution
Resolution:  NLT 1.5 between letrozole related com- rS = peak response of letrozole from the Standard so-
pound A and letrozole lution

CS = concentration of USP Letrozole RS in the Stan-
dard solution (mg/mL)

CU = nominal concentration of Letrozole in the Sam-
ple solution (mg/mL)
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▲USP34 IDENTIFICATION
Acceptance criteria • A. INFRARED ABSORPTION 〈197K〉

[NOTE—Disregard any values obtained that are less than • B.  The retention time of the major peak of the Sample solu-
0.05%.] tion corresponds to that of the Standard solution, as obtained

Individual impurities:  See Impurity Table 1. in the Assay.
Total other▲unspecified▲USP34 impurities:  NMT 0.3%

ASSAY
• PROCEDURE

Impurity Table 1 Buffer:  1.4 g/L of potassium phosphate monobasic and 0.6
Limit NMT g/L of sodium 1-heptanesulfonate, adjusted with phosphoric

Impurity RRT (%) acid to a pH of 2.8
Mobile phase:  Acetonitrile and Buffer (2:23)Letrozole Related Compound 0.68 0.3
Diluent:  Acetonitrile and water (1:4)A
Standard solution:  0.35 mg/mL of USP Levetiracetam RS in4,4’,4‘-Methylidenetris- 1.9 0.2
Diluent. [NOTE—Sonicate if necessary to dissolve.]benzonitrile

Sample solution:  Nominally equivalent to 0.4 mg/mL of leve-
Any other impurity — 0.1 tiracetam in Diluent from NLT 20 Tablets, finely crushed.
Letrozole 1.0 — [NOTE—Sonicate if necessary to dissolve.]

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

▲Impurity Table 1 Mode:  LC
Detector:  UV 220 nm

Relative Acceptance Column:  4.6-mm × 25-cm column; 4-µm packing L1
Retention Criteria, Flow rate:  2 mL/min

Name Time NMT (%) Injection size:  10 µL
Letrozole related compound 0.67 — System suitability
Aa Sample:  Standard solution

Letrozole 1.0 — Suitability requirements
4,4′,4′′-methanetriyl- 2.4 — Tailing factor:  NMT 2.0
tribenzonitrile Relative standard deviation:  NMT 2.0%

AnalysisAny unspecified impurity — 0.1
Samples:a 4,4′-(1H-1,3,4-triazol-1-ylmethylene)dibenzonitrile.
Calculate the percentage of C8H14N2O2 in the portion of Tab-

[NOTE—Letrozole related compound A and 4,4’,4’’-methanetriyl- lets taken:
tribenzonitrile are process impurities, and are monitored in the

Result = (rU/rS) × (CS/CU) × 100drug substance monograph.]▲USP34

ADDITIONAL REQUIREMENTS rU = peak response from the Sample solution
• PACKAGING AND STORAGE:  Preserve in tight containers at con- rS = peak response from the Standard solution

trolled room temperature. CS = concentration of USP Levetiracetam RS in the
• USP REFERENCE STANDARDS 〈11〉 Standard solution (mg/mL)

USP Letrozole RS CU = nominal concentration of levetiracetam in the
USP Letrozole Related Compound A RS Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS
• Dissolution 〈711〉BRIEFING

Medium:  Water, 900 mL
Apparatus 2:  50 rpm
Time:  See Table 1 below.Levetiracetam Tablets.  Because there is no existing USP

monograph for this drug product, a new monograph based on
validated methods is proposed. The liquid chromatographic pro- Table 1
cedures in the Assay and in the test for Organic Impurities are

Tablet Strength Timebased on analyses performed using the Waters Nova-Pak C18
(mg/Tablet) (min)brand of L1 column. The typical retention time for levetiracetam

250 15is 3 min in the Assay and 12 min in the test for Organic Impuri-
ties. The Dissolution test was validated using an Inertsil ODS 3 500 15
brand of L1 column. The typical retention time for levetiracetam 750 15
is 3 min. 1000 30

Buffer:  6.8 g/L potassium phosphate monobasic, adjusted
with dilute potassium hydroxide to a pH of 5.6(MD-PP: R. Ravichandran. BPC: M. Marques.) RTS—C75107

Mobile phase:  Acetonitrile and Buffer (3:17)
Standard solution:  L/1000 mg/mL in Medium. [NOTE—L =
Tablet label claim in mg]

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

Add the following: Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

▲Levetiracetam Tablets

DEFINITION
Levetiracetam Tablets contain NLT 90.0% and NMT 110.0% of

the labeled amount of levetiracetam (C8H14N2O2).
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Mode:  LC F = relative response factor as listed in Impurity Table
Detector:  UV 220 nm 1
Column:  4.6-mm × 15-cm column; 5-µm packing L1 Acceptance criteria
Flow rate:  1.2 mL/min Individual impurities:  See Impurity Table 1.
Injection size:  10 µL Total impurities:  NMT 0.35%

System suitability
Sample:  Standard solution Impurity Table 1
Suitability requirements

Tailing factor:  NMT 2.0 Relative Relative Acceptance
Relative standard deviation:  NMT 2.0% Retention Response Criteria,

Analysis Name Time Factor NMT (%)
Samples:  Standard solution and Sample solution Levetiracetam relat- 0.54 — —
Determine the amount of C8H14N2O2 dissolved: ed compound Ba,b

Levetiracetam 1.0 — —Result = (rU/rS) × (CS/L) × V × 100
Levetiracetam relat- 1.7 — —
ed compound Aa,crU = peak response from the Sample solution

Levetiracetam acidd 2.1 0.79 0.1rS = peak response from the Standard solution
CS = concentration of USP Levetiracetam RS in the Any individual un- — 1.0 0.1

Standard solution (mg/mL) specified impurity
L = label claim (mg/Tablet) a These impurities are listed for information only; they are process impurities,
V = volume of Medium, 900 mL which are controlled in the drug substance.

Tolerances:  NLT 70% (Q) of the labeled amount of  b (S)-2-aminobutanamide
C8H14N2O2 in 15 min for Tablets labeled to contain 250 mg,  c (S)-N-(1-Amino-1-oxobutan-2-yl)-4-chlorobutanamide
or 500 mg, or 750 mg; NLT 80% (Q) of the labeled amount  d (S)-2-(2-Oxopyrrolidine-1-yl)butanoic acid
of C8H14N2O2 in 30 min for Tablets labeled to contain 1000

ADDITIONAL REQUIREMENTSmg
• PACKAGING AND STORAGE:  Preserve in tight containers. Store at• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

controlled room temperature.
IMPURITIES • USP REFERENCE STANDARDS 〈11〉
Organic Impurities USP Levetiracetam RS
• PROCEDURE USP Levetiracetam Related Compound B RS▲USP34

Buffer:  6.8 g/L of potassium phosphate monobasic and 0.85
g/L of sodium 1-heptanesulfonate, adjusted with phosphoric
acid to a pH of 2.8

BRIEFINGMobile phase:  Acetonitrile and Buffer (1:19)
System suitability solution:  3.6 µg/mL of USP Leve-
tiracetam RS and 3.6 µg/mL of USP Levetiracetam Related
Compound B RS in Mobile phase Levocabastine Hydrochloride,  USP 32 page 2768. Because a

Standard solution:  3.6 µg/mL USP Levetiracetam RS in Mo- revision is proposed to omit the general test chapter Capillary
bile phase Electrophoresis 〈727〉 from USP–NF, it is proposed to delete the

Sample solution:  Equivalent to 1.2 mg/mL of levetiracetam reference to the chapter from the Capillary electrophoresis system
in Mobile phase from NLT 20 Tablets finely crushed. [NOTE— under Organic Impurities, Procedure. See the briefing under Capil-
Sonicate if necessary, and centrifuge the solution before pass- lary Electrophoresis 〈727〉 in this issue of PF.
ing through a suitable filter.]

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

(MD-PS: M. Waddell.) RTS—C83939Mode:  LC
Detector:  UV 200 nm
Column:  4.6-mm × 25-cm column; 4-µm packing L1
Flow rate:  1 mL/min Levocabastine HydrochlorideInjection size:  10 µL

System suitability
Samples:  System suitability solution and Standard solution
Suitability requirements
Resolution:  NLT 2.0 between levetiracetam related com-
pound B and levetiracetam, System suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 10.0%, Standard
solution

Analysis C26H29FN2O2 · HCl 456.98
Samples:  Standard solution and Sample solution 4-Piperidinecarboxylic acid, 1-[4-cyano-4-(4-
 Calculate the percentage of each impurity in the portion of fluorophenyl)cyclohexyl]-3-methyl-4-phenyl-, monohydrochlo-
Levetiracetam Tablets taken: ride, (–)-[1(cis),3α,4β]-;

(–)-trans-1-[cis-4-Cyano-4-(p-fluorophenyl)cyclohexyl]-3-methyl-4-
Result = (rU/rS) × (CS/CU) × (1/F) ×100 phenylisonipecotic acid monohydrochloride [79547-78-7].

rU = peak response of each impurity from the Sample DEFINITION
solution Levocabastine Hydrochloride contains NLT 98.5% and NMT

rS = peak response of levetiracetam from the Stan- 101.5% of C26H29FN2O2 · HCl, calculated on the dried basis.
dard solution

IDENTIFICATIONCS = concentration of USP Levetiracetam RS in the
• A. INFRARED ABSORPTION 〈197K〉Standard solution (mg/mL)
• B. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  Meets theCU = nominal concentration of levetiracetam in the

requirementsSample solution (mg/mL)
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• C. OPTICAL ROTATION, Specific Rotation 〈781S〉:  Meets the Analysis
requirements Samples:  Diluent (blank), Standard solution, and Sample

solution
ASSAY Separately inject equal volumes (pressure of 3450 Pa for 5 s)
• PROCEDURE of the Samples, and record the peak responses.

Sample solution:  Dilute 175 mg of Levocabastine Hydrochlo- [NOTE—Disregard any peak originating from the Diluent.
ride in 50 mL of alcohol, and add 5.0 mL of 0.01 N hydro- Disregard any peak with an area of less than 0.1 times
chloric acid. the major peak area of the Standard solution (0.05%).]

Analysis:  Titrate the Sample solution with 0.1 N sodium hy- Acceptance criteria:  The area for any peak in the Sample
droxide VS. The volume of titrant required to titrate Levo- solution, other than the major peak, is not greater than the
cabastine Hydrochloride is the difference between the first and major peak area of the Standard solution (0.5%); and the sum
third endpoints. Perform a blank determination (see Titrimetry of all peak areas in the Sample solution, except for the major
〈541〉). Each mL of 0.1 N sodium hydroxide VS is equivalent to peak, is not greater than twice the major peak area of the
22.85 mg of C26H29FN2O2 · HCl. Standard solution (1.0%).

Acceptance criteria:  98.5%–101.5% on the dried basis
SPECIFIC TESTS

IMPURITIES • OPTICAL ROTATION, Specific Rotation 〈781S〉:  –102° to −106° at
Inorganic Impurities 20°
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%, based on a sample Sample solution:  10 mg/mL, in methanol

weight of 1.000 g • LOSS ON DRYING 〈731〉:  Dry 1.000 g of sample at 105° to con-
stant weight: it loses NMT 0.5% of its weight.

Change to read: ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in well-closed containers.

Protect from light.Organic Impurities
•  USP REFERENCE STANDARDS 〈11〉• PROCEDURE

USP Levocabastine Hydrochloride RS[NOTE—Prepare solutions immediately before use.]
USP Levocabastine Related Compound A RSDiluent:  2 mg/mL of sodium hydroxide in water

Solution A:  Dissolve 1.39 g of boric acid in water, and ad-
just with 1 N sodium hydroxide to a pH of 9.0. Dilute with
water to 100 mL. BRIEFINGRun buffer:  Dissolve 1.08 g of sodium dodecyl sulfate and
650 mg of hydroxypropyl-β-cyclodextrin in 5 mL of isopropyl
alcohol, then dilute with Solution A to 50 mL.

Levonorgestrel and Ethinyl Estradiol Tablets,  USP 32 pageSystem suitability solution:  12.5 µg/mL of USP Levocabas-
2774. On the basis of comments received and the supportingtine Hydrochloride RS and 12.5 µg/mL of USP Levocabastine
data, it is proposed to replace USP Norgestrel RS with USP Levo-Related Compound A RS in Diluent
norgestrel RS in the monograph. The Reference Standard is usedStandard solution:  Dilute 5.0 mL of the Sample solution
for Identification, Assay, and Performance Tests.with Diluent to 100 mL. Dilute 1.0 mL of this solution with

Diluent to 10 mL to obtain a solution containing 0.0125
mg/mL of Levocabastine Hydrochloride.

Sample solution:  2.5 mg/mL of Levocabastine Hydrochlo- (MD-PS: M. Waddell.) RTS—C71008
ride in Diluent

Capillary electrophoresis system
(See Capillary Electrophoresis 〈727〉.)
▲

▲USP34 Levonorgestrel and Ethinyl Estradiol
Detector:  UV 214 nm TabletsColumn:  75-µm × 50-cm uncoated fused-silica capillary
column

DEFINITIONTemperature:  50°
Levonorgestrel and Ethinyl Estradiol Tablets contain NLT 90.0%Current:  See the gradient table below.

and NMT 110.0% of the labeled amount of levonorgestrel
(C21H28O2) and NLT 90.0% and NMT 110.0% of the labeled

Time Current amount of ethinyl estradiol (C20H24O2).
 (min)  (µA)

IDENTIFICATION0 0
0.17 75
15 130 Change to read:
40 130
60 200

• A.  The retention times of the two major peaks of the Sample
solution correspond to those of norgestrel▲levonorgestrel▲USP34[NOTE—Before performing the System suitability, equilibrate
and ethinyl estradiol in the Standard solution, as obtained inthe capillary column with the Diluent for 2 min, then
the Assay.equilibrate with the Run buffer for at least 5 min.]

• B.  Finely powder 20 Tablets and transfer a portion of theSystem suitability
powder, equivalent to 4 mg of levonorgestrel. Add 250 mL ofSample:  System suitability solution
a solvent mixture consisting of isooctane and chloroform (3:1).[NOTE—The relative retention times for levocabastine re-
Sonicate the mixture for 3 min, and then stir it by mechanicallated compound A and levocabastine are approximately
means for 30 min. Filter the mixture and evaporate the filtrate1.07 and 1.0, respectively.]
to dryness in a rotating vacuum evaporator. Dissolve the resi-Suitability requirements
due in 3 mL of chloroform, and transfer with a pipet to a 60-Resolution:  NLT 4 between levocabastine and levocabas-
mL separator containing 18 mL of isooctane. Rinse the evapo-tine related compound A
rator flask with an additional 3-mL portion of chloroform, and[NOTE—If necessary, adjust the current gradient to achieve
add the rinsing to the separator. Add 10 mL of 1 N sodiumthe required resolution.]
hydroxide, shake vigorously, and allow the layers to separate.
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Discard the lower aqueous phase, and pass the organic phase PERFORMANCE TESTS
through 3 g of anhydrous sodium sulfate on filter paper into a
50-mL beaker. Rinse the filter with several small portions of the Change to read:mixture of isooctane and chloroform (3:1), adding the filtered
rinsings to the filtrate, and evaporate under nitrogen on a
steam bath to dryness. Dissolve the residue in 1–2 mL of hot • DISSOLUTION 〈711〉:  Determine the amount of C21H28O2 and
toluene, and transfer with a pipet to a small glass vial. Reduce C20H24O2 dissolved by employing the following method.
the volume of the solution to 0.1 mL under nitrogen with Medium:  Polysorbate 80 (5 µg/g) in water; 500 mL
warming. [NOTE—During this step, any crystals that deposit on Apparatus 2:  75 rpm
the vial wall should be transferred to the bottom, and allowed Time:  60 min
to redissolve.] Mobile phase:  Acetonitrile and water (6:4)
Store the vial containing the clear toluene solution at 4° over- Standard solution:  Prepare a solution of USP Norgestrel RS
night to allow crystallization to occur. Remove and discard ▲USP Levonorgestrel RS▲USP34 and USP Ethinyl Estradiol RS in
the mother liquor with a pipet, rinse the crystals with two Medium having known concentrations corresponding approxi-
0.5-mL portions of anhydrous ether, and discard the rinsings. mately to the concentrations that would be obtained by dis-
Dry the vial containing the rinsed crystals in a vacuum desic- solving 1 Tablet in 500 mL of solvent. [NOTE—A volume of
cator at 60° for 4 h. alcohol not exceeding 2% of the final total volume of solution

Acceptance criteria:  The melting point of the dried crystals may be used to aid in dissolving the Reference Standards.]
of levonorgestrel so obtained is NLT 220°, using the proce- Sample solution:  Withdraw 15-mL portions of liquid from
dure described under Melting Range or Temperature 〈741〉, each vessel, and pass through a polyvinylidene filter, discard-
Class I. ing the first 10 mL of the filtrate.

Chromatographic systemASSAY (See Chromatography 〈621〉, System Suitability.)
Mode:  LC

Change to read: Detector:  UV 247 nm (for levonorgestrel analysis); a spec-
trofluorometric detector (for ethinyl estradiol analysis), with
an excitation wavelength of 285 nm, and an emission wave-

• PROCEDURE length of 310 nm
Mobile phase:  Methanol, acetonitrile, and water (15:35:45) Column:  4-mm × 15-cm; packing L7
Standard solution:  15 µg/mL of USP Norgestrel RS▲USP Flow rate:  1 mL/min
Levonorgestrel RS▲USP34 and 3 µg/mL of USP Ethinyl Estradiol Injection size:  100 µL
RS in Mobile phase System suitability

Sample solution:  Transfer a number of Tablets, equivalent to Sample:  Standard solution
3 mg of levonorgestrel, to a 200-mL volumetric flask. Dilute [NOTE—The relative retention times for ethinyl estradiol and
with Mobile phase to volume, sonicate to disintegrate the Tab- levonorgestrel are about 0.7 and 1.0, respectively.]
lets, then shake by mechanical means for 20 min. Centrifuge, Suitability requirements
and use the clear supernatant. Relative standard deviation:  NMT 3.0%

Chromatographic system Analysis
(See Chromatography 〈621〉, System Suitability.) Samples:  Standard solution and Sample solution
Mode:  LC Calculate the percentage of C21H28O2 and C20H24O2 dissolved:
Detector:  UV 215 nm
Column:  4.6-mm × 15-cm; 5- to 7-µm packing L7 Result = (rU/rS) × (CS/CU) × 100
Flow rate:  1 mL/min
Injection size:  50 µL rU = peak response of the corresponding analyte from

System suitability the Sample solution
Sample:  Standard solution rS = peak response of the corresponding analyte from
[NOTE—The relative retention times for ethinyl estradiol and the Standard solution
norgestrel▲levonorgestrel▲USP34 are about 0.7 and 1.0, CS = concentration of the appropriate USP Reference
respectively.] Standard in the Standard solution (mg/mL)

Suitability requirements CU = nominal concentration of the corresponding
Resolution:  NLT 2.5 between the two major peaks analyte in the Sample solution (mg/mL)
Relative standard deviation:  NMT 2.0% Tolerances

Analysis Uncoated tablets:  NLT 80% (Q) of the labeled amount of
Samples:  Standard solution and Sample solution C21H28O2, and NLT 75% (Q) of the labeled amount of
Calculate the percentage of C21H28O2 and C20H24O2 in the C20H24O2 is dissolved.
portion of Tablets taken: Coated tablets:  NLT 60% (Q) of the labeled amount of

C21H28O2 and C20H24O2 is dissolved.
Result = (rU/rS) × (CS/CU) × 100 • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

Sample solution:  Place 1 Tablet in a 40-mL centrifuge tube,
rU = peak response of the corresponding analyte from add 10.0 mL of Mobile phase, and proceed as directed in the

the Sample solution Assay.
rS = peak response of the corresponding analyte from

the Standard solution ADDITIONAL REQUIREMENTS
CS = concentration of the appropriate USP Reference • PACKAGING AND STORAGE:  Preserve in well-closed containers.

Standard in the Standard solution (mg/mL)
CU = nominal concentration of the corresponding Change to read:analyte in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0% of the labeled amount
of C21H28O2, 90.0%–110.0% of the labeled amount of • USP REFERENCE STANDARDS 〈11〉
C20H24O2 USP Ethinyl Estradiol RS

USP Norgestrel RS
▲USP Levonorgestrel RS▲USP34
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ASSAYBRIEFING

Change to read:
Methylphenidate Hydrochloride,  USP 32 page 2949. The
currently official monograph has a nonselective titrimetric assay.

• PROCEDUREThe monograph also has two different TLC methods for Limit of
Sample solution:  225 mg of Methylphenidate HydrochlorideErythro[(R*,S*)] Isomer and Limit of α-Phenyl-2-Piperidine Acetic
in 50 mL of glacial acetic acid. Add 15 mL of mercuric acetateAcid Hydrochloride. In an effort to modernize this monograph, it
TS and 5 drops of p-naphtholbenzein TS.is proposed to revise the monograph as follows:

Analysis:  Titrate with 0.1 N perchloric acid VS to a green1.   Clarify the chloride counter in Identification test B.
endpoint. Perform a blank determination, and make any nec-2.   Replace the nonspecific titration assay with a selective,
essary correction (see Titrimetry 〈541〉). Each mL of 0.1 N per-stability-indicating HPLC method. The proposed HPLC as-
chloric acid is equivalent to 26.98 mg of C14H19NO2 · HCl.say has been validated using the Waters Symmetry C18

Acceptance criteria:  98.0%–100.5% on the dried basisbrand of L1 column. The typical retention time for
▲Buffer:  2.7 g/L of monobasic potassium phosphatemethylphenidate hydrochloride under the chromatographic
Mobile phase:  Methanol and Buffer (1:2). Adjust with phos-conditions is about 11 min.
phoric acid to a pH of 4.6 ± 0.1.3.  Adopt a flexible monograph approach with two HPLC

System suitability solution:  0.005 mg/mL of USPmethods to monitor Organic Impurities present in the drug
Methylphenidate Related Compound A RS and 0.5 mg/mL ofsubstance manufactured by two different processes. Both
USP Methylphenidate Hydrochloride RS in Mobile phasemethods can be used to monitor erythro[(R*,S*)] isomer

Standard solution:  0.5 mg/mL of USP Methylphenidate Hy-and methylphenidate related compound A. Procedure 1 is
drochloride RS in Mobile phaseidentical to the proposed Assay method which has been

Sample solution:  0.5 mg/mL of Methylphenidate Hydrochlo-validated using the Waters Symmetry C18 brand of L1 col-
ride in Mobile phaseumn. Under the chromatographic conditions, erythro iso-

Chromatographic systemmer, 2-phenyl-2-piperidine acetic acid, and methylpheni-
(See Chromatography 〈621〉, System Suitability.)date elute at approximately 6.5, 9, and 11 min,
Mode:  LCrespectively. The gradient elution HPLC Procedure 2 has
Detector:  UV 209 nmbeen validated using the Waters Symmetry C8 brand of L7
Column:  4.6-mm × 25-cm; 5-µm packing L1column, in which α-phenyl-2-piperidine acetic acid, pheny-
Flow rate:  1.0 mL/minlacetic acid, erythro isomer, and methylphenidate elute at
Injection size:  10 µLapproximately 2.4, 2.9, 3.5, and 4.3 min, respectively.
Run Time:  2 times the retention time of methylphenidate4.  A Labeling section has been included to indicate the flexi-

System suitabilityble monograph.
Sample:  System suitability solution
Suitability requirements

Tailing factor:  NMT 3.0 for the methylphenidate peak(MD-PP: R. Ravichandran.) RTS—C42806; C42825 Resolution:  NLT 2.5 between methylphenidate related
compound A and methylphenidate

Relative standard deviation:  NMT 2.0% for the
methylphenidate peakMethylphenidate Hydrochloride Analysis

Samples:  Standard solution and Sample solution
Calculate the percentage of C14H19NO2 · HCl in the portion
taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of the Sample solution
C14H19NO2 · HCl 269.77 rS = peak response of the Standard solution
2-Piperidineacetic acid, α-phenyl-, methyl ester, hydrochloride, CS = concentration of USP Methylphenidate Hydro-

(R*,R*)-(±)-; chloride RS in the Standard solution (mg/mL)
Methyl α-phenyl-2-piperidineacetate hydrochloride [298-59-9]. CU = nominal concentration of the Sample solution

(mg/mL)DEFINITION
▲USP34

Acceptance criteria:  98.0%–102.0, calculated on dried basis
Change to read:

IMPURITIES
Inorganic Impurities

Methylphenidate Hydrochloride contains NLT 98.0% and NMT • RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
100.5%▲102.0%▲USP34 of C14H19NO2 · HCl, calculated on the • HEAVY METALS, Method II 〈231〉:  NMT 10 ppm
dried basis.

Change to read:IDENTIFICATION
• A. INFRARED ABSORPTION 〈197M〉

Organic Impurities
Change to read: • PROCEDURE 1: LIMIT OF ERYTHRO [(R*,S*)] ISOMER

Standard solution:  USP Methylphenidate Hydrochloride
Erythro Isomer Solution RS

• B. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  Meets the Sample solution:  50 mg/mL of Methylphenidate Hydrochlo-
requirements▲Meets the requirement for the silver nitrate pre- ride in methanol
cipitate test for chloride▲USP34 Chromatographic system

(See Chromatography 〈621〉, Thin-Layer Chromatography.)
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Mode:  TLC Analysis
Adsorbent:  0.25-mm layer of chromatographic silica gel Sample:  Sample solution
Application volume:  20 µL  Identify each impurity using the relative retention times in
Developing solvent system:  Chloroform, methanol, and Impurity Table 1. Calculate the percentage of each impurity
ammonium hydroxide (190:10:1) in the portion of Methylphenidate Hydrochloride taken:

Spray reagent A:  Dissolve 0.7 g of bismuth subnitrate in
Result = (rU/rT) × 10040 mL of a mixture of water and glacial acetic acid (4:1).

Add 40 mL of potassium iodide solution (2 in 5), then add
rU = peak response for each impurity in the Sample120 mL of glacial acetic acid, and 250 mL of water.

solutionSpray reagent B:  1 N sulfuric acid
rT = sum of the responses for all impurity peaks in-Analysis

cluding the methylphenidate peak in the Sam-Samples:  Standard solution and Sample solution
ple solutionAllow the spots to dry, and develop the chromatogram, us-

Individual impurities:  See Impurity Table 1.ing the Developing solvent system, in a suitable chamber,
Total impurities:  NMT 1.0%lined with absorbent paper and previously equilibrated

with the Developing solvent system, until the solvent front
has moved about three-fourths of the length of the plate. Impurity Table 1
Remove the plate from the developing chamber, and allow

Relative Acceptancethe solvent to evaporate. Locate the spots on the plate by
 Retention Criteria,spraying first with Spray reagent A and then with Spray

Name Time NMT (%)reagent B.
Erythro(R,S) isomera 0.58 0.15Acceptance criteria:  Any spot in the lane from the

methylphenidate hydrochloride at the same RF as the erythro Methylphenidate related 0.85 0.5
isomer is not larger or more intense than that produced by compound Ab

the Standard solution, when viewed under ordinary lighting Methylphenidate 1.0 —
(1%). Any individual unspecified — 0.10• PROCEDURE 2: LIMIT OF α-PHENYL-2-PIPERIDINE ACETIC ACID impurityHYDROCHLORIDE

a Methyl (RS,SR)-2-phenyl-2-(piperidin-2-yl)acetate.Sodium hydroxide–methanol solution:  Sodium hydroxide
 b (RS,RS)2-Phenyl-2-(piperidin-2-yl)acetic acid. [NOTE—Also known as α-phen-in methanol (1 in 2500)
yl-2-piperidine acetic acid.]Standard solution:  240 µg/mL of USP Methylphenidate Re-
 lated Compound A RS in Sodium hydroxide–methanol solution

Sample solution:  40 mg/mL of Methylphenidate Hydrochlo- Procedure 2
ride in Sodium hydroxide–methanol solution [NOTE—Perform this test only if ethylphenidate or bis-1,2-(-
[NOTE—Use immediately after preparation.] carboxymethylbenzyl) piperidine is a known process impurity.]

Chromatographic system Buffer A:  5.7 g of monobasic ammonium phosphate and
(See Chromatography 〈621〉, Thin-Layer Chromatography.) 1.6 g of 1-octanesulfonate sodium in 1 L of water
Mode:  TLC Buffer B:   Add 4 mL of triethylamine to 1 L of Buffer A.
Adsorbent:  0.25-mm layer of chromatographic silica gel Adjust with phosphoric acid to a pH of 2.9.
Solution A:  17 mg/mL of bismuth subnitrate in water and Solution A:  Acetonitrile and Buffer B (7:43)
glacial acetic acid (4:1) Solution B:  Acetonitrile and Buffer A (4:1)

Solution B:  0.4 g/mL of potassium iodide in water Standard solution:  0.5 µg/mL of USP Methylphenidate Hy-
Spray reagent stock solution:  Solution A and Solution B drochloride RS in Solution A
(5:2). [NOTE—This Spray reagent stock solution may be System suitability solution:  0.5 mg/mL of USP
stored for several months in a dark bottle.] Methylphenidate Hydrochloride RS; and 3 µg/mL each of

Spray reagent A:  Spray reagent stock solution, glacial USP Methylphenidate Related Compound A RS, phenylacetic
acetic acid, and water (1:2:7) acid, and USP Methylphenidate Hydrochloride Erythro Isomer

Spray reagent B:  Hydrogen peroxide solution Solution RS in Solution A
Application volume:  10 µL Sample solution:  0.5 mg/mL of Methylphenidate Hydro-
Developing solvent system:  Chloroform, methanol, and chloride in Solution A. [NOTE—Allow the solution to stand for
acetic acid (65:25:5) at least 2 h.]

Analysis Mobile phase:  See the gradient table below.
Samples:  Standard solution and Sample solution
Allow the spots to dry, and develop the chromatogram, us-

Time Solution A Solution Bing the Developing solvent system, in a suitable chamber,
(min) (%) (%)lined with absorbent paper and previously equilibrated

0 90 10with Developing solvent system, until the solvent front has
moved about three-fourths of the length of the plate. Re- 7 65 35
move the plate from the developing chamber, and allow 10 50 50
the plate to dry for 30 min. Spray the plate with Spray 12 50 50reagent A followed by Spray reagent B. Examine the plate.

13 90 10[NOTE—After spraying with the Spray reagents, cover the
16 90 10plate with a second plate to prevent fading of the spots.]

Acceptance criteria:  Any spot in the lane from the Sample
[NOTE—Equilibration of the chromatographic system at the initialsolution having the same RF value as the principal spot from
conditions for a minimum of 30 min is recommended before thethe Standard solution is not larger or more intense than that
first injection.]produced by the Standard solution (0.6%).

Chromatographic system▲[NOTE—If ethylphenidate or bis-methylphenidate is a known
(See Chromatography 〈621〉, System Suitability.)process impurity, Procedure 2 is recommended.]

Procedure 1
Buffer, Mobile phase, System suitability solution, Sample
solution, Chromatographic system and System suitability:
Proceed as directed in the Assay.

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(1) [Jan.–Feb. 2010] IN-PROCESS REVISION 121

Mode:  LC BRIEFING
Detector:  UV 220 nm
Column:  3.9-mm × 15-cm; 5-µm packing L7
Temperature:  40° Montelukast Sodium.   Because there is no existing USP mon-Flow rate:  2.8 mL/min ograph for this drug substance, a new monograph, based onInjection size:  10 µL validated methods of analysis, is being proposed. The liquidSystem suitability chromatographic procedures in the Assay and in the test forSample:  System suitability solution. [NOTE—Identify the peaks Organic Impurities are based on analyses performed with theusing the relative retention times in Impurity Table 2.] Zorbax SB phenyl brand of L11 column. The typical retentionSuitability requirements time for the montelukast peak is about 6 min. The liquid chro-Resolution:  NLT 2.7 between methylphenidate related matographic procedure in the test for Enantiomeric purity iscompound A and phenylacetic acid; NLT than 3.6 between based on analyses performed with the Chiral AGP brand of L41phenylacetic acid and erythro isomer column. The typical retention time for the R-enantiomer peak isTailing factor:  NMT 2.0 for the methylphenidate peak about 7 min.Relative standard deviation:  NMT 2.0% for the Montelukast Sodium is part of a USP/Ph. Eur. pilot project formethylphenidate peak; NMT 5.0% for methylphenidate re- prospective harmonization of monographs for drug substances.lated compound A, phenylacetic acid, and methylpheni- The draft monograph has been jointly prepared by the U.S.date hydrochloride erythro isomer and European pharmacopeias and is now being presented forAnalysis public comment in the Forums of the two pharmacopeias.Samples:  Sample solution and Standard solution
Calculate the percentage of any individual impurity in the por-
tion of Methylphenidate Hydrochloride taken:

(MD-PS: E. Gonikberg, M. Waddell.) RTS—C68837
Result = (rU/rS) × (CS/CU) × (1/F) × 100

rU = peak response for each impurity peak from the
Sample solution

rS = peak response for the methylphenidate peak Add the following:from the Standard solution
CS = concentration of USP Methylphenidate Hydro-

chloride RS in the Standard solution (mg/mL) ▲Montelukast SodiumCU = concentration of Methylphenidate Hydrochloride
in the Sample solution (mg/mL)

F = relative response factor of the corresponding im-
purity from Impurity Table 2

Impurity acceptance criteria
Individual impurities:  See Impurity Table 2.
Total impurities:  NMT 0.5%

 
Impurity Table 2

C35H35ClNNaO3S  608.17Relative Relative Acceptance
Cyclopropaneacetic acid, 1-[[[1-[3-[2-(7-chloro-2-qui-Name  Retention Response Criteria,

nolinyl)ethenyl]phenyl]-3-[2-(1-hydroxy-1-Time Factor  NMT (%)
methylethyl)phenyl]propyl]thio]methyl]-, sodium salt, [R-,(E)]-;Methylphenidate relat- 0.55 1.1 0.2

Sodium 1-[[[(R)-m-[(E)-2-(7-chloro-2-quinolyl)vinyl]-α-[o-(1-hy-ed compound Aa

droxy-1-methylethyl)phenethyl]benzyl]thio]-Phenylacetic acid 0.67 1.0 0.1
methyl]cyclopropaneacetate [151767-02-1].

Erythro(R,S) isomerb 0.80 1.0 0.2
C35H36ClNO3S  586.18Methylphenidate 1.0 — —
Montelukast [158966-92-8].Ethylphenidatec 1.22 0.9 0.1

Bis-Methylphenidated 1.80 2.6 0.1 DEFINITION
Montelukast Sodium contains NLT 98.0% and NMT 102.0% ofAny individual unspeci- — 1.0 0.1

C35H35ClNNaO3S, calculated on the anhydrous basis.fied impurity
a (RS,SR)2-Phenyl-2-(piperidin-2-yl)acetic acid. [NOTE—Also known as α-phen-

IDENTIFICATIONyl-2-piperidine acetic acid.] • A. INFRARED ABSORPTION 〈197〉 b Methyl (RS,SR)-2-phenyl-2-(piperidin-2-yl)acetate.
[NOTE—Methods described under Infrared Absorption 〈197K〉, c Ethyl (RR,SS)-2-phenyl-2-(piperidin-2-yl)acetate. 〈197M〉, or 〈197A〉 may be used.] d N,2-Bis(methoxycarbonylbenzyl)piperidine. [NOTE—Also known as 1,2-(α- • B. IDENTIFICATION TESTS—GENERAL, Sodium 〈191〉:  Ignite 100carboxymethylbenzyl)piperidine.]
mg of Montelukast Sodium. Dissolve the residue in 2 mL of
water, and filter. The filtrate meets the requirements of the▲USP34

pyroantimonate precipitate test.
SPECIFIC TESTS • C.  Meets the requirements of the test for Enantiomeric purity.
• LOSS ON DRYING 〈731〉:  Dry a sample in a vacuum at 60° for 4

ASSAYh: it loses NMT 0.5% of its weight.
[NOTE—Avoid exposure of the samples to moisture and light. Use

ADDITIONAL REQUIREMENTS low-actinic glassware.]
• PACKAGING AND STORAGE:  Preserve in well-closed containers. • PROCEDURE
• USP REFERENCE STANDARDS 〈11〉 Solution A:  Add 1.5 mL of trifluoroacetic acid to 1 L of

USP Methylphenidate Hydrochloride Erythro Isomer Solution water.
RS Solution B:  Add 1.5 mL of trifluoroacetic acid to 1 L of

USP Methylphenidate Hydrochloride RS acetonitrile.
USP Methylphenidate Related Compound A RS
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Mobile phase:  See the gradient table below. Impurity solution:  1 mg/mL of USP Montelukast for Peak
Identification RS in Diluent

System suitability solution:  Transfer 1 mL of the Impurity
Time Solution A Solution B solution to a clear glass vial, and expose to ambient light for
(min) (%) (%) approximately 20 min to generate the cis-isomer of

0 60 40 montelukast.
3.0 60 40 Chromatographic system:  Proceed as directed in the Assay.

System suitability16.0 49 51
Sample:  System suitability solution16.1 60 40
Suitability requirements21.0 60 40
Resolution:  NLT 2.5 between the cis-isomer and
montelukast; NLT 1.5 between montelukast and theDiluent:  Methanol and water (9:1)
methylketone impurityStandard solution:  0.13 mg/mL of USP Montelukast DCHA

AnalysisRS in Diluent
Samples:  Sample solution and Diluted sample solutionSample solution:  0.1 mg/mL of Montelukast Sodium in
Calculate the percentage of each impurity in the portion ofDiluent
Montelukast Sodium taken:Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
Result = (rU/rS) × (CS/CU) × 100Mode:  LC

Detector:  UV 238 nm rU = peak response of each impurity from the SampleColumn:  4.6-mm × 5-cm; 1.8-µm packing L11 solutionFlow rate:  1.2 mL/min rS = peak response for montelukast from the DilutedColumn temperature:  30° sample solutionInjection size:  10 µL CS = concentration of the Diluted sample solutionSystem suitability (mg/mL)Sample:  Standard solution CU = concentration of the Sample solution (mg/mL)Suitability requirements Acceptance criteriaRelative standard deviation:  NMT 0.73% Reporting level for impurities:  0.05%Analysis Individual impurities:  See Impurity Table 1.Sample:  Standard solution and Sample solution Total impurities:  NMT 0.6%Calculate the percentage of C35H35ClNNaO3S in the portion
of Montelukast Sodium taken:

Impurity Table 1
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

Relative Acceptance
Retention Criteria,rU = peak area response from the Sample solution

Name Time NMT (%)rS = peak area response from the Standard solution
Sulfoxide impurity a 0.4 0.2CS = concentration of the Standard solution (mg/mL)

CU = concentration of the Sample solution (mg/mL) Cis-isomerb 0.8 0.10
Mr1 = molecular weight of montelukast sodium, Michael Adducts 1c and 2d 0.9 0.15*

608.17 Montelukast 1.0 —Mr2 = molecular weight of montelukast DCHA, 767.50
Methylketone impuritye 1.2 0.10Acceptance criteria:  98.0%–102.0%, on the anhydrous basis
Methylstyrene impurityf 1.9 0.3

IMPURITIES Any other individual impurity — 0.10
Inorganic Impurities * These two impurities are not resolved by the method and need to be inte-
• HEAVY METALS:  NMT 10 ppm grated together to determine conformance.

Diluent:  Acetone and water (4:1)  a [1-[[[1-[3-[(E)-2-(7-chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(2-hydrox-
Sample solution:  Dissolve 0.50 g of Montelukast Sodium in ypropan-2-yl)phenyl]propyl]sulfinyl]methyl]cyclopropyl]acetic acid.
20 mL of the Diluent.   b [1-[[[(1S)-1-[3-[(Z)-2-(7-chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(2-hydrox-

Reference solution:  Dilute 0.5 mL of the Standard Lead So- ypropan-2-yl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
lution, prepared as directed under Heavy Metals 〈231〉, with   c 1-[[[(1R)-2-[3-[(1R)-1-[[[1-(carboxymethyl)cyclopropyl]methyl]sulfanyl]-3-[2-
Diluent to 20 mL. (2-hydroxypropan-2-yl)phenyl]propyl]phenyl]-1-(7-chloroquinolin-2-

Blank solution:  20 mL of the Diluent yl)ethyl]sulfanyl]methyl]cyclopropanecarboxylic acid.
Procedure:  To each solution, add 2 mL of pH 3.5 Acetate   d 1-[[[(1S)-2-[3-[(1R)-1-[[[1-(carboxymethyl)cyclopropyl]methyl]sulfanyl]-3-[2-
Buffer, prepared as directed under Heavy Metals 〈231〉. Mix, (2-hydroxypropan-2-yl)phenyl]propyl]phenyl]-1-(7-chloroquinolin-2-
and to each solution add 1.2 mL of thioacetamide–glycerin yl)ethyl]sulfanyl]methyl]cyclopropanecarboxylic acid.
base TS. Mix immediately, and allow to stand for 2 min. Pass  e [1-[[[(1R)-3-(2-acetylphenyl)-1-[3-[(E)-2-(7-chloroquinolin-2-
the solutions through a 0.45-µm membrane filter. Compare yl)ethenyl]phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
the spots on the filters obtained from the different solutions:   f [1-[[[(1R)-1-[3-[(E)-2-(7-chloroquinolin-2-yl)ethenyl]phenyl]-3-[2-(prop-1-
the brownish-black color of the spot resulting from the Sam- en-2-yl)phenyl]propyl]sulfanyl]methyl]cyclopropyl]acetic acid.
ple solution is not more intense than that of the spot result-  
ing from the Reference solution. The test is invalid if the Refer-

SPECIFIC TESTSence solution does not show a brownish-black color
• WATER DETERMINATION, Method Ia 〈921〉:  NMT 1.0%compared to the Blank solution.
• ENANTIOMERIC PURITY: [NOTE—Avoid exposure of the samples toOrganic Impurities

light. Use low-actinic glassware.]• PROCEDURE [NOTE—Avoid exposure of the samples to moisture
Solution A:  Add 0.6 mL of glacial acetic acid to 1 L of water.and light. Use low-actinic glassware.]
Adjust with ammonium hydroxide to a pH of 5.0.Solution A, Solution B, Mobile phase, and Diluent:  Pro-

Mobile phase:  Acetonitrile and Solution A (7:18)ceed as directed in the Assay.
System suitability solution:  0.1 mg/mL of USP MontelukastSample solution:  1 mg/mL of Montelukast Sodium in
Racemate RS in methanolDiluent

Sample solution:  0.7 mg/mL of Montelukast Sodium inDiluted sample solution:  1 µg/mL of Montelukast Sodium
methanolin Diluent, from the Sample solution
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Sensitivity solution:  0.7 µg/mL of Montelukast Sodium in DEFINITION
methanol, prepared from the Sample solution Diluted Nitroglycerin is a mixture of nitroglycerin (C3H5N3O9)

Chromatographic system with lactose, dextrose, alcohol, propylene glycol, or other suita-
(See Chromatography 〈621〉, System Suitability.) ble inert excipient to permit safe handling. It contains NLT
Mode:  LC 90.0% and NMT 110.0% of the labeled amount of C3H5N3O9.
Detector:  Fluorescence, excitation wavelength at 305 nm, It usually contains NMT 10% of nitroglycerin (C3H5N3O9). 
emission wavelength at 370 nm [CAUTION—Taking into consideration the concentration and

Column:  4.0-mm × 15-cm; 5-µm packing L41 amount of nitroglycerin (C3H5N3O9) in Diluted Nitroglycerin,
Column temperature:  30° exercise appropriate precautions when handling this material.
Flow rate:  1 mL/min Nitroglycerin is a powerful explosive and can be detonated by
Injection size:  5 µL percussion or excessive heat. Do not isolate nitroglycerin
Run time:  2.5 times the retention time of montelukast (C3H5N3O9).]

System suitability
IDENTIFICATIONSamples:  System suitability solution and Sensitivity solution
• A.  The RF value of the principal spot of Sample solution A[NOTE—Relative retention times are 1.0 for montelukast

corresponds to that of the Standard solution, as obtained inwhich is the R-enantiomer, and 0.7 for the S-enantiomer.]
the Procedure for Organic Impurities.Suitability requirements

• B.  The retention time of the Sample solution corresponds toResolution:  NLT 2.5 between the S-enantiomer and
that of the Standard solution, as obtained in the Assay.montelukast, System suitability solution

Tailing factor:  NMT 3.0 for the S-enantiomer and ASSAYmontelukast peaks, System suitability solution • PROCEDURESignal-to-noise ratio:  NLT 6 for the montelukast peak, Mobile phase:  Methanol and water (1:1)Sensitivity solution Standard solution:  0.075 mg/mL of nitroglycerin from USPAnalysis Diluted Nitroglycerin RS in Mobile phaseSample:  Sample solution Sample solution:  Transfer a portion of Diluted Nitroglycerin,Calculate the percentage of S-enantiomer in the portion of equivalent to 7.5 mg of nitroglycerin, to a 100-mL volumetricMontelukast Sodium taken: flask, and dissolve in 75 mL of Mobile phase. If necessary, soni-
cate for 2 min or until the solid is totally dispersed, then shakeResult = (rU/rT) × 100
by mechanical means for 30 min. Dilute with Mobile phase to
volume, and filter.rU = peak response of the S-enantiomer from the

Chromatographic systemSample solution
 (See Chromatography 〈621〉, System Suitability.)rT = sum of the peak responses of the S-enantiomer
Mode:  LCand montelukast from the Sample solution
Detector:  UV 220 nmAcceptance criteria:  NMT 0.2% of the S-enantiomer
Column:  4.6-mm × 25-cm; packing L1

ADDITIONAL REQUIREMENTS [NOTE—If necessary a short precolumn that contains packing
• PACKAGING AND STORAGE:  Preserve in tight containers, pro- L1 may be used.]

tected from light. Store at room temperature. Flow rate:  1 mL/min
• USP REFERENCE STANDARDS 〈11〉 Injection size:  20 µL

USP Montelukast Sodium RS System suitability
USP Montelukast Dicyclohexylamine (DCHA) RS Sample:  Standard solution
(C35H36ClNO3S · C12H23N  767.50) Suitability requirements
USP Montelukast Racemate RS Column efficiency:  NLT 3000 theoretical plates
USP Montelukast for Peak Identification RS▲USP34 Tailing factor:  NMT 2.5 for the analyte peak

Relative standard deviation:  NMT 3.0%
Analysis
Samples:  Standard solution and Sample solution

BRIEFING Calculate the percentage of C3H5N3O9 in the portion of Di-
luted Nitroglycerin taken:

Result = (rU/rS) × (CS/CU) × 100Diluted Nitroglycerin,  USP 32 page 3096. On the basis of
the comments received, it is proposed to revise the preparation

rU = peak response from the Sample solutionof Sample solution B in the test for Organic Impurities such that
rS = peak response from the Standard solutionthe procedure can accommodate the diverse concentrations
CS = concentration of nitroglycerin in the Standard so-available in the market for this drug substance. Additional

lution (mg/mL)changes are proposed in the Acceptance criteria to clarify that
CU = nominal concentration of the Sample solutionthe sample solution used is Sample solution B.

(mg/mL)
Acceptance criteria:  90.0%–110.0%

(MD-CV: S. Ramakrishna.) RTS—76299 IMPURITIES

Change to read:

Diluted Nitroglycerin
Organic Impurities
• PROCEDURE

Standard solution:  400 µg/mL of nitroglycerin from USP Di-
luted Nitroglycerin RS in methanol

Sample solution A:  Prepare a clear solution containing 400
C3H5N3O9 227.09 µg/mL of nitroglycerin from Diluted Nitroglycerin in
1,2,3-Propanetriol, trinitrate; methanol.
Nitroglycerin [55-63-0]. Sample solution B:  Transfer a portion equivalent to 100 mg

of nitroglycerin to a 5-mL volumetric flask. Dissolve (or sus-
pend)in methanol and dilute with methanol to volume. 
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▲20 mg/mL of nitroglycerin in methanol from Diluted Nitro- Add the following:
glycerin.▲USP34 Centrifuge a portion, if necessary, to obtain a
clear liquid phase.

Chromatographic system ▲Oseltamivir Phosphate
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adsorbent:  0.25-mm layer of chromatographic silica gel
mixture

Application volume:  20 µL each of Sample solution A and
Sample solution B; 5, 10, 15, and 20 µL of the Standard
solution

Developing solvent system:  Toluene and ethyl acetate
(4:1)

Spray reagent:   Diphenylamine in methanol (1 in 100) C16H28N2O4 · H3PO4 410.40
Analysis [3R-(3α,4β,5α)]-Ethyl 4-(acetylamino)-5-amino-3-(1-ethylpro-

Samples:  Standard solution, Sample solution A, and Sample poxy)-1-cyclohexene-1-carboxylate phosphate (1:1);
solution B Ethyl (3R,4R,5S)-4-acetamido-5-amino-3-(1-ethylpropoxy)-1-

Apply the Samples to a suitable thin-layer chromatographic cyclohexene-1-carboxylate, phosphate (1:1) [204255-11-8].
plate. Develop the chromatograms in the Developing sol-

DEFINITIONvent system until the solvent front has moved three-fourths
Oseltamivir Phosphate contains NLT 98.0% and NMT 101.5% ofof the length of the plate. Remove the plate from the de-

C16H28N2O4 · H3PO4, calculated on the anhydrous basis.veloping chamber, mark the solvent front, and allow the
solvent to evaporate. Spray the plate with Spray reagent,

IDENTIFICATIONand irradiate the plate with short- and long-wavelength UV • A. INFRARED ABSORPTION 〈197M〉light for 15 min. • B.  The retention time of the major peak of the Sample solu-Acceptance criteria:  Any spot from Sample solution ▲B,▲USP34 tion corresponds to that of the Standard solution, as obtainedother than the principal spot, is not more intense than the
in the Assay.spot from the 20-µL application of the Standard solution.

Compare the intensities of any secondary spots observed ASSAY
from the Sample solution ▲B▲USP34 with those of the principal • PROCEDURE
spots from the Standard solution (corresponding to 0.5%, Solution A:  Dissolve 6.8 g of potassium dihydrogen phos-
1.0%, 1.5%, and 2.0%, respectively): the sum of the intensi- phate in 980 mL of water. Adjust with 1 M potassium hydrox-
ties of the secondary spots from the Sample solution ▲B▲USP34 ide solution to a pH of 6.0, and dilute with water to 1 L.
is NMT 3%. Mobile phase:  Methanol, acetonitrile, and Solution A
[NOTE—Nitrates of glycerin typically have RF values of 0.21, (245:135:620)
0.37, and 0.61 for mono-, di-, and tri-substituted glycerins, Diluent:  Methanol, acetonitrile, and water (245:135:620)
respectively.] Standard solution:  1 mg/mL of USP Oseltamivir Phosphate

RS in DiluentADDITIONAL REQUIREMENTS
Sample solution:  1 mg/mL of Oseltamivir Phosphate in• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-
Diluenttainers, and prevent exposure to excessive heat. Store at 25°,

Chromatographic systemexcursions permitted between 15° and 30°.
(See Chromatography 〈621〉, System Suitability.)• USP REFERENCE STANDARDS 〈11〉
Mode:  LCUSP Diluted Nitroglycerin RS
Detector:  UV 207 nm
Column:  4.6-mm × 25-cm; packing L7
Flow rate:  1.2 mL/min
Injection size:  15 µLBRIEFING
Temperature:  50°

System suitability
Sample:  Standard solutionOseltamivir Phosphate,   page 1468 of PF 34(6) [Nov.–Dec. Suitability requirements2008]. Because USP Oseltamivir Related Compound A RS (2-az- Tailing factor:  NLT 2.0ido impurity) is now available, it is proposed to introduce this Relative standard deviation:  NMT 2.0%new USP Reference Standard in the test for Organic Impurities, AnalysisProcedure 2. The RS is used quantitatively to calculate the per- Samples:  Standard solution and Sample solutioncentage of oseltamivir related compound A present in the sam- Calculate the percentage of C16H28N2O4 · H3PO4 in the portionple and also for system suitability. To provide clarity, Organic of Oseltamivir Phosphate taken:Impurities, Procedure 2, is rewritten. The USP Reference Standards

section is revised accordingly. The typical retention times for Result = (rU/rS) × (CS/CU) × 100
oseltamivir and oseltamivir related compound A are 0.55 min
and 1.45 min, respectively. In Organic Impurities, Procedure 1, rU = peak response from the Sample solution
proposed editorial changes are made to Impurity Table 1, adding rS = peak response from the Standard solution
the chemical names of the impurities. CS = concentration of USP Oseltamivir Phosphate RS

in the Standard solution (mg/mL)
CU = concentration of Oseltamivir Phosphate in the

Sample solution (mg/mL)(MD-AA: H. Ramanathan, B. Davani.) RTS—C76502
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Acceptance criteria:  98.0%–101.5% on the anhydrous basis and appropriate corresponding m/z for oseltamivir phos-
phate. Adjust the dwell time, fragmentation voltage, drying

IMPURITIES gas temperature, drying gas flow, nebulizer pressure, and
Inorganic Impurities capillary voltage, as appropriate for an optimal response.
• HEAVY METALS 〈231〉:  NMT 10 ppm System suitability

Sample:  Standard solution
[NOTE—The relative retention time for the 2-azido impurityChange to read:
versus oseltamivir is about 2.6.]

Suitability requirements
Relative standard deviation:  NMT 15.0%Organic Impurities

Analysis• PROCEDURE 1
Samples:  Standard solution and Sample solutionBuffer, Mobile phase, Diluent and Chromatographic sys-

Calculate the percentage of 2-azido impurity in the portiontem:  Proceed as directed in the Assay.
of Oseltamivir Phosphate taken:Standard solution:  Proceed as directed in the Assay.

Sample solution:  Proceed as directed in the Assay.
Result = (rU/rS) × (CS/CU) × 100Analysis:

Sample:  Sample solution
rU = peak response of the 2-azido impurity from theCalculate the percentage of each impurity in the portion of

Sample solutionOseltamivir Phosphate taken:
rS = peak response of oseltamivir phosphate from the

Standard solutionResult = (rU/rS) × (CS/CU) × (1/F) × 100
CS = concentration of USP Oseltamivir Phosphate RS

in the Standard solution (mg/mL)rU = peak response of each individual impurity from
CU = concentration of Oseltamivir Phosphate in thethe Sample solution

Sample solution (mg/mL)rS = peak response of oseltamivir phosphate from the
Acceptance criteria:  NMT 0.01%Standard solution

▲• PROCEDURE 2: OSELTAMIVIR RELATED COMPOUND ACS = concentration of USP Oseltamivir Phosphate RS
Buffer:  1.54 g/L of ammonium acetate in waterin the Standard solution (mg/mL)
Mobile phase:  Acetonitrile, water, and  Buffer  (3:6:1)CU = concentration of oseltamivir phosphate in the
Stock solution A:  50 µg/mL of USP Oseltamivir RelatedSample solution (mg/mL)
Compound A RS, prepared as follows: Dissolve in alcohol,F = relative response factor from Impurity Table 1
using 5% of final volume, and dilute with water to volume.Acceptance criteria

Solution A:  1 µg/mL of USP Oseltamivir Related CompoundIndividual impurities:  See Impurity Table 1.
A RS in water from Stock solution ATotal impurities:  NMT 0.7%

Standard solution:  10 mg/mL of USP Oseltamivir Phosphate
RS in Solution AImpurity Table 1 Sample solution:  10 mg/mL of Oseltamivir Phosphate in
water. [NOTE—This solution can be stored at room tempera-Relative Relative  Acceptance
ture for 7 days.]Retention Response Criteria,

Chromatographic systemName  Time  Factor (F) NMT (%)
(See Chromatography 〈621〉, System Suitability.)Impurity A▲Oseltamivir 0.17 1.4 0.3
Mode:  LCacid▲USP34a

Detectors:  UV 207 nm and mass spectrometerImpurity B▲Oseltamivir 0.51 2.7 0.1 Column:  3.0-mm × 5-cm; 5-µm packing L1phenol▲USP34b

Flow rate:  1.5 mL/min
Oseltamivir phosphate 1.00 1.0 — Injection size:  1 µL
Unspecified impurity — 1.0 0.1 Temperature:  40°
Total unspecified impu- — — 0.4 Use electrospray (+) ionization, a selected ion monitoring
rities mode with m/z of 356.2 (protonated oseltamivir related

compound A). Adjust the dwell time, fragmentation voltage,a (3R,4R,5S)-4-Acetylamino-5-amino-3-(1-ethylpropoxy)-1-cyclohexene-1-car-
drying gas temperature, drying gas flow, nebulizer pressure,boxylic acid.
and capillary voltage as appropriate for an optimal re- b 4-Acetylamino-3-hydroxy-benzoic acid ethyl ester.
sponse. [NOTE—A postcolumn flow splitter with a split ratio 
of about 3:1 is used.]

• PROCEDURE 2: FOR 2-AZIDO IMPURITY System suitability
[NOTE—The chemical name of the 2-azido impurity is: Sample:  Standard solution
(3S,4R,5S)-ethyl 4-acetamido-5-amino-2-azido-3-(pentan-3- [NOTE—The relative retention time for oseltamivir related
yloxy)cyclohexanecarboxylate.] compound A versus oseltamivir is about 2.6.]

Solution A:  1.54 g/L of ammonium acetate in water Suitability requirements
Mobile phase:  Acetonitrile, water, and Solution A (3:6:1) Resolution:  The oseltamivir related compound A peak
Standard solution:  1 µg/mL of USP Oseltamivir Phosphate (detected by MD-SIM mode) and the oseltamivir peak
RS in water (detected by UV) are baseline resolved.

Sample solution:  10 mg/mL of Oseltamivir Phosphate in [NOTE—The resolution of the two components minimizes
water. [NOTE—This solution can be stored at room tempera- background noise and ion suppression effects for the
ture for 7 days.] trace of oseltamivir related compound A by the

Chromatographic system oseltamivir matrix.]
(See Chromatography 〈621〉, System Suitability.) Relative standard deviation:   NMT 15.0%, oseltamivir
Mode:  LC equipped with mass spectrometer detectors related compound A peak
Detector:  UV 207 nm Analysis
Column:  3.0-mm × 5-cm column; 5-µm packing L1 Samples:  Standard solution and Sample solution
Flow rate:  1.5 mL/min Calculate the percentage of oseltamivir related compound A
Injection size:  1 µL in the portion of Oseltamivir Phosphate taken:
Temperature:  40°

Use electrospray (+) ionization, a selected ion monitoring Result = (rU/rS) × (CS/CU) × 100
mode with m/z of 356.2 Da (protonated 2-azido impurity)
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rU = peak response of oseltamivir related compound CU = concentration of oseltamivir phosphate in the
A from the Sample solution Sample solution (mg/mL)

rS = peak response of oseltamivir related compound Acceptance criteria:  NMT 0.1%
A from the Standard solution

SPECIFIC TESTSCS = concentration of USP Oseltamivir Related Com-
• WATER DETERMINATION, Method I 〈921〉:  NMT 0.5%pound A RS in the Standard solution (mg/mL)
• OPTICAL ROTATION, Specific Rotation 〈781S〉CU = concentration of oseltamivir phosphate in the

Sample solution:  10 mg/mL, in waterSample solution (mg/mL)
Acceptance criteria:  Between –30.7 and –32.6Acceptance criteria:  NMT 0.01%▲USP34

• PROCEDURE 3: LIMIT OF TRIBUTYL PHOSPHINE OXIDE ADDITIONAL REQUIREMENTSBlank:  Transfer 1.0 mL of suitable derivatizing reagent to a • PACKAGING AND STORAGE:  Preserve in well-closed containers.vial. Close the vial, shake, and heat for 20 min at 60°. Centri- Store at 25°, excursions permitted between 15° and 30°.fuge the pyridinium salt precipitate.1 
Standard stock solution 1:  21 mg/mL of USP Tributyl
Phosphine Oxide RS in pyridine Change to read:

Standard stock solution 2:  21 mg/mL of USP Oseltamivir
Phosphate RS in a suitable derivatizing reagent. Close the

•  USP REFERENCE STANDARDS 〈11〉vial, mix, and heat for 20 min at 60°. Centrifuge the pyridin-
USP Oseltamivir Phosphate RSium salt precipitate.
▲USP Oseltamivir Related Compound A RS [(3S,4R,5S)-ethyl 4- Standard solution:  21 µg/mL each of USP Tributyl
acetamido-5-amino-2-azido-3-(pentan-3-Phosphine Oxide RS and USP Oseltamivir Phosphate RS in
yloxy)cyclohexanecarboxylate] (C16H29N5O4  355.43)▲USP34pyridine from Standard stock solution 1 and Standard stock

USP Tributyl Phosphine Oxide RS▲USP33solution 2, respectively
Sample solution:  Transfer 15 mg of oseltamivir phosphate
to a vial. Add 1.0 mL of a suitable derivatizing reagent. Close
the vial, mix, and heat for 20 min to 60°. Centrifuge the

BRIEFINGpyridinium salt precipitate.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  GC Pioglitazone Hydrochloride; Pioglitazone Tablets.  Be-
Detector:  Flame ionization cause there are no existing USP monographs for this drug sub-
Column:  0.32-mm × 30-m capillary column; coated with stance and dosage form, new monographs based on validated
0.25-µm phase G1 methods of analysis are being proposed. The liquid chromato-

Split ratio:  1:50 graphic procedures in the tests for Organic Impurities and the
Split flow:  64 mL/min Assay are based on analyses performed with the YMC PACK
Injection size:  1 µL ODS-A brand of L1 column. The typical retention time for piog-
Temperature litazone is about 7 min.
Detector:  260°
Injection port:  260°
Column:  See the temperature program table below. (MD-GRE: M. Waddell, E. Gonikberg.) RTS—C71506

Hold Time
Initial Temperature Final at Final

Temperature Ramp Temperature Temperature
(°) (°/min) (°) (min) Add the following:
180 0 180 2
180 8 250 10

▲Pioglitazone Hydrochloride
Linear velocity:  27 cm/s
Carrier gas:  Helium

System suitability
Sample:  Standard solution
[NOTE—The relative retention times for tributyl phosphine
oxide and oseltamivir phosphate are about 0.54 and 1.00,  
respectively.]

Suitability requirements
C19H20N2O3S · HCl 392.90Relative standard deviation:   NMT 10.0% for the
2,4-Thiazolidinedione, 5-[[4-[2-(5-ethyl-2-tributyl phosphine oxide and osteltamivir phosphate

pyridinyl)ethoxy]phenyl]methyl]-, monohydrochloride, (±)-;peaks
(±)-5-[p-[2-(5-Ethyl-2-pyridyl)ethoxy]benzyl]-2,4-thiazolidinedioneAnalysis

monohydrochloride [112529-15-4].Samples:  Standard solution and Sample solution
Calculate the percentage of tributyl phosphine oxide in the DEFINITIONportion of Oseltamivir Phosphate taken: Pioglitazone Hydrochloride contains NLT 99.0% and NMT

101.0% of C19H20N2O3S · HCl, calculated on the as-is basis.Result = (rU/rS) × (CS/CU) × 100

IDENTIFICATIONrU = peak response of tributyl phosphine oxide from • A. INFRARED ABSORPTION 〈197K〉the Sample solution • B. CHLORIDE AND SULFATE, Chloride 〈191〉:  Dissolve 25 mg of itrS = peak response of tributyl phosphine oxide from in 0.5 mL of nitric acid, and add 2 mL of dilute nitric acid. Itthe Standard solution meets the requirements of the test for Chloride.CS = concentration of tributyl phosphine oxide in the • C.  The retention time of the pioglitazone peak of the SampleStandard solution (mg/mL) solution corresponds to that of the Standard solution, as ob-
tained in the Assay.1Tri-Sil Reagent (product number: 48999 0049001) may be obtained from

Pierce: www.piercenet.com.
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ASSAY Sample solution:  Place 1.0 g of Pioglitazone Hydrochloride
• PROCEDURE in a platinum or porcelain crucible. Mix with 10 mL of Mag-

Mobile phase:  Acetonitrile, 0.1 M ammonium acetate, and nesium nitrate solution. Ignite the alcohol to burn, and
glacial acetic acid (25:25:1) carbonize by gradual heating. Cool, add 1 mL of sulfuric

Internal standard solution:  1.3 mg/mL of benzophenone in acid, heat carefully and incinerate by ignition at 550 ± 50°. If
methanol carbonized substances remain, moisten with a small amount

Standard stock solution:  0.5 mg/mL of USP Pioglitazone Hy- of sulfuric acid, and incinerate by ignition. Cool, dissolve the
drochloride RS and 0.13 mg/mL of benzophenone in metha- residue in 3 mL of hydrobromic acid, and evaporate on a
nol, from the Internal standard solution water bath to dryness. Wet the residue with 3 drops of hy-

Standard solution:  Dilute Standard stock solution with Mobile drochloric acid, add 10 mL of water and dissolve by warm-
phase to obtain a solution containing 50 µg/mL of piog- ing. Add 1 drop of phenolphthalein TS, add ammonia TS
litazone hydrochloride and 13 µg/mL of benzophenone. dropwise until a pale red color develops. Add 2 mL of 1 N

Sample solution:  0.5 mg/mL of pioglitazone hydrochloride acetic acid, filter if necessary, wash with 10 mL of water,
and 0.13 mg/mL of benzophenone in methanol, from the In- transfer the filtrate and washings to a Nessler tube, and add
ternal standard solution. Dilute with Mobile phase to obtain a water to make 50 mL.
solution containing 50 µg/mL of pioglitazone hydrochloride Analysis:  Add 1 drop of Sodium sulfide solution to each of
and 13 µg/mL of benzophenone the tubes containing the Standard solution and Sample solu-

Chromatographic system tion. Mix thoroughly and allow to stand for 5 min. Compare
(See Chromatography 〈621〉, System Suitability.) the colors of both solutions by viewing the tubes downward
Mode:  LC or transversely against a white background. The Sample solu-
Detector:  UV 269 nm tion has no more color than the Standard solution.
Column:  4.6-mm × 15-cm; 5-µm packing L1 Acceptance criteria:  NMT 10 ppm
Temperature:  25 ± 2.5° Organic Impurities
Flow rate:  0.7 mL/min • PROCEDURE
[NOTE—Adjust the flow rate so that the retention time of the Mobile phase:  Proceed as directed in the Assay.
pioglitazone peak is about 7 min.] System suitability stock solution:  Use the Standard solution

Injection size:  20 µL prepared as directed in the Assay.
System suitability System suitability solution:  Dilute the System suitability
Sample:  Standard solution stock solution with Mobile phase to obtain a solution contain-
[NOTE—The approximate relative retention times for piog- ing 25 µg/mL of pioglitazone hydrochloride and 6.5 µg/mL
litazone and benzophenone are 1.0 and 2.6, respectively.] of benzophenone.

Suitability requirements Sample solution:  0.2 mg/mL of pioglitazone hydrochloride
Tailing factor:  NMT 1.5 for pioglitazone and dissolved in 20% of the final volume with methanol, then
benzophenone diluted with Mobile phase to final volume

Resolution:  NLT 15 between pioglitazone and Standard solution:  1 µg/mL of USP Pioglitazone Hydrochlo-
benzophenone ride RS prepared by diluting the Sample solution with Mobile

Relative standard deviation:  NMT 2.0% for the peak phase
area response ratio of the pioglitazone peak to the internal Chromatographic system
standard peak, for six replicate injections (See Chromatography 〈621〉, System Suitability.)

Analysis Mode:  LC
Samples:  Standard solution and Sample solution Detector:  UV 269 nm
Calculate the percentage of C19H20N2O3S · HCl in the portion Column:  4.6-mm × 15-cm; 5-µm packing L1
of Pioglitazone Hydrochloride taken: Temperature:  25 ± 2.5°

Flow rate:  0.7 mL/min
Result = (RU/RS) × (CS/CU) × 100 [NOTE—Adjust the flow rate so that the retention time of

the pioglitazone peak is about 7 min.]
RU = peak response ratio of the pioglitazone peak to Injection size:  40 µL

the internal standard peak in the Sample solu- Run time:  At least four times the retention time of
tion pioglitazone

RS = peak response ratio of the pioglitazone peak to System suitability
the internal standard peak in the Standard solu- Samples:  System suitability solution and Standard solution
tion Suitability requirements

CS = concentration of USP Pioglitazone Hydrochloride Tailing factor:  NMT 1.5 for pioglitazone and benzophe-
RS in the Standard solution (µg/mL) none, System suitability solution

CU = concentration of Pioglitazone Hydrochloride in Resolution:  NLT 15 between pioglitazone and benzophe-
the Sample solution (µg/mL) none, System suitability solution

Acceptance criteria:  99.0%–101.0% on the as-is basis Relative standard deviation:  NMT 3.0%, Standard
solutionIMPURITIES AnalysisInorganic Impurities Samples:  Sample solution and Standard solution• RESIDUE ON IGNITION 〈281〉:   NMT 0.10% Calculate the percentage of each impurity in the portion of• HEAVY METALS Pioglitazone Hydrochloride taken:Sodium sulfide solution:  5 g of sodium sulfide in 10 mL of

water and 30 mL of glycerin Result = (rU/rS) × D × 100
Magnesium nitrate solution:  100 mg/mL of magnesium ni-
trate in alcohol rU = peak response of each individual impurity from

Standard solution:  Place 10 mL of Magnesium nitrate solu- the Sample solution
tion in a platinum or porcelain crucible. Ignite the alcohol to rS = peak response of pioglitazone from the Standard
burn. Cool, add 1 mL of sulfuric acid, heat carefully and solution
ignite at 550 ± 50°. Cool and add 3 mL of hydrobromic acid. D = dilution factor used to prepare the Standard so-
Proceed as directed from this point under Sample solution, lution, 0.005
adding 1.0 mL of Standard Lead Solution (see Heavy Metals
〈231〉, Special Reagents) before adding water to make 50 mL.
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Acceptance criteria ASSAY
Individual impurities:  See Impurity Table 1. • PROCEDURE
Total impurities:  NMT 0.4% Mobile phase:  Acetonitrile, 0.1 M ammonium acetate, and

glacial acetic acid (25:25:1)
Internal standard solution:  1.3 mg/mL of benzophenone inImpurity Table 1
methanol

Relative Acceptance Standard stock solution:  0.5 mg/mL of USP Pioglitazone Hy-
 Retention   Criteria, drochloride RS and 0.13 mg/mL of benzophenone in metha-

Name  Time   NMT (%) nol, from the Internal standard solution
Standard solution:  Dilute the Standard stock solution withHydroxypioglitazonea 0.7 0.1
Mobile phase to obtain a solution containing 50 µg/mL of pi-Pioglitazone 1.0 —
oglitazone hydrochloride and 13 µg/mL of benzophenone.

Didehydropiog- 1.4 0.1 Sample solution:  Weigh and finely powder NLT 20 Tablets.
litazoneb

Transfer an accurately weighed portion of the powder,
N-Alkylpioglitazonec 3.0 0.1 equivalent to about 23 mg of pioglitazone, and transfer to a
Any other individual — 0.10 glass-stoppered flask. Add 5.0 mL of the Internal standard solu-
impurity tion and 45 mL of methanol. Disperse the particles by sonica-

a (±)-5-{4-[2-(5-Ethylpyridin-2-yl)ethoxy]benzyl}-5-hydroxythiazolidine-2,4-di- tion for about 2 min, then centrifuge. Dilute a portion of the
one. supernatant with Mobile phase to obtain a solution having
 b (Z)-5-{4-[2-(5-Ethylpyridin-2-yl)ethoxy]benzylidene}thiazolidine-2,4-dione. nominal concentrations of 45 µg/mL of pioglitazone and 13
 c (±)-5-{4-[2-(5-Ethylpyridin-2-yl)ethoxy]benzyl}-3-[2-(5-ethylpyridin-2- µg/mL of benzophenone.
yl)ethyl]thiazolidine-2,4-dione. Chromatographic system
 (See Chromatography 〈621〉, System Suitability.)

Mode:  LC
SPECIFIC TESTS Detector:  UV 269 nm• WATER DETERMINATION, Method Ic 〈921〉:  NMT 0.20% Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  25 ± 2.5°ADDITIONAL REQUIREMENTS
Flow rate:  0.7 mL/min. [NOTE—Adjust the flow rate so that• PACKAGING AND STORAGE:  Preserve in well-closed containers,
the retention time of the pioglitazone peak is about 7 min.]and store at room temperature.

Injection size:  20 µL• USP REFERENCE STANDARDS 〈11〉
System suitabilityUSP Pioglitazone Hydrochloride RS▲USP34 Sample:  Standard solution

[NOTE—The approximate relative retention times for piog-
litazone and benzophenone are 1.0 and 2.6, respectively.]

Suitability requirementsBRIEFING
Tailing factor:  NMT 1.5 for pioglitazone and
benzophenone

Resolution:  NLT 15 between pioglitazone andPioglitazone Tablets.  See briefing under Pioglitazone benzophenoneHydrochloride. Relative standard deviation:  NMT 2.0% for the peak
area ratio of the pioglitazone peak to the internal standard
peak, for six replicate injections

(MD-GRE: M. Waddell, E. Gonikberg. BPC:  M. Marques.) Analysis
RTS—C71507 Samples:   Standard solution and Sample solution

Calculate the percentage of the labeled amount of
C19H20N2O3S in the portion of Tablets taken:

 Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

Add the following: rU = peak area ratio of the pioglitazone peak to the
internal standard peak in the Sample solution

rS = peak area ratio of the pioglitazone peak to the▲Pioglitazone Tablets internal standard peak in the Standard solution
CS = concentration of USP Pioglitazone Hydrochloride

DEFINITION RS in the Standard solution (µg/mL)
Pioglitazone Tablets contain an amount of pioglitazone hydro- CU = nominal concentration of pioglitazone in the

chloride (C19H20N2O3S · HCl) equivalent to NLT 95.0% and Sample solution (µg/mL)
NMT 105.0% of the labeled amount of pioglitazone Mr1 = molecular weight of pioglitazone, 356.44
(C19H20N2O3S). Mr2 = molecular weight of pioglitazone hydrochloride,

392.90IDENTIFICATION Acceptance criteria:  95.0%–105.0%• A.  The retention time of the pioglitazone peak of the Sample
solution corresponds to that of the Standard solution, as ob- PERFORMANCE TESTS
tained in the Assay. • DISSOLUTION 〈711〉

• B. ULTRAVIOLET ABSORPTION Medium:  Hydrochloric acid and potassium chloride buffer,
Sample solution:  Dissolve a quantity of finely powdered Tab- pH 2.0 [mix 50 mL of 0.2 N hydrochloric acid and 150 mL of
lets in 0.1 N hydrochloric acid to obtain a solution containing potassium chloride solution (150 mg/mL), dilute with water to
25 µg/mL of pioglitazone. [NOTE—Vigorous shaking and filtra- 1 L, and adjust with 5 N hydrochloric acid to a pH of 2.0];
tion may be needed.] 900 mL

Acceptance criteria:  The UV absorption spectrum exhibits a Apparatus 2:  75 rpm
maximum between 267 and 271 nm. Time:  15 min

Standard solution:  Transfer 23 mg of USP Pioglitazone Hy-
drochloride RS to a 50-mL volumetric flask, dissolve in 10 mL
of methanol, and dilute with Medium to volume. Dilute this
solution with Medium to obtain a final concentration of about
L/1000, where L is the label claim (mg).
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Sample solution:   Pass a portion of the solution under test phase to volume, mix well, centrifuge, and use the
through a suitable 0.45-µm filter. supernatant.

Detector:  UV Chromatographic system
Analytical wavelength:  269 nm (See Chromatography 〈621〉, System Suitability.)
Cell:   1 cm Mode:  LC
Blank:   Medium Detector:  UV 269 nm
Calculate the percentage of pioglitazone dissolved: Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  25 ± 2.5°
Result = (AU/AS) × (CS/L) × (Mr1/Mr2) × V × 100 Flow rate:  0.7 mL/min

[NOTE—Adjust the flow rate so that the retention time of
AU = absorbance of the Sample solution the pioglitazone peak is about 7 min.]
AS = absorbance of the Standard solution Run time:  At least 30 min
CS = concentration of the Standard solution (mg/mL) Injection size:  40 µL
L = Tablet label claim (mg) System suitability
Mr1 = molecular weight of pioglitazone, 356.44 Samples:  System suitability solution and Standard solution
Mr2 = molecular weight of pioglitazone hydrochloride, Suitability requirements

392.90 Tailing factor:  NMT 1.5 for pioglitazone and benzophe-
V = volume of Medium (mL), 900 none, System suitability solution

Tolerances:  NLT 80% (Q) of the labeled amount of piog- Resolution:  NLT 15 between pioglitazone and benzophe-
litazone is dissolved. none, System suitability solution

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements Relative standard deviation:  NMT 3.0%, Standard
• Procedure for Content Uniformity solution
Standard solution:  26 µg/mL USP Pioglitazone Hydrochlo- Analysis
ride RS in methanol and 0.1 N hydrochloric acid (9:1) Samples:  Standard solution and Sample solution

Sample solution:  Transfer one Tablet to an appropriate size [NOTE—The approximate relative retention times for piog-
volumetric flask such that the final concentration does not litazone and benzophenone are 1.0 and 2.6, respectively.]
exceed 0.3 mg of pioglitazone per mL. Add 0.1 N hydrochlo- Calculate the percentage of each impurity in the portion of
ric acid at a volume equivalent to 10% of the total volume Tablets taken:
and shake until the Tablet is completely disintegrated. Add
methanol at a volume equivalent to 70% of the total volume  Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
and shake vigorously for 10 min. Dilute with methanol to
volume, mix well, and centrifuge. Dilute a portion of the rU = peak response of each individual impurity from
supernatant with methanol and 0.1 N hydrochloric acid (9:1) the Sample solution
to obtain a solution having a concentration of 24 µg/mL of rS = peak response of pioglitazone from the Standard
pioglitazone. solution

Spectrometric conditions CS = concentration of USP Pioglitazone Hydrochloride
(See Spectrophotometry and Light-Scattering 〈851〉.) RS in the Standard solution (µg/mL)
Mode:  UV-Vis CU = nominal concentration of pioglitazone in the
Analytical wavelength:  269 nm Sample solution (µg/mL)

Analysis Mr1 = molecular weight of pioglitazone, 356.44
Samples:  Standard solution and Sample solution Mr2 = molecular weight of pioglitazone hydrochloride,
Calculate the percentage of C19H20N2O3S in the Tablet 392.90
taken: Acceptance criteria

Individual impurities:  NMT 0.2%
 Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100 Total impurities:  NMT 0.6%

AU = absorbance of the Sample solution ADDITIONAL REQUIREMENTS
AS = absorbance of the Standard solution • PACKAGING AND STORAGE:  Preserve in tight containers and
CS = concentration of USP Pioglitazone Hydrochloride store at controlled room temperature.

RS in the Standard solution (µg/mL) • USP REFERENCE STANDARDS 〈11〉
CU = nominal concentration of pioglitazone in the USP Pioglitazone Hydrochloride RS▲USP34

Sample solution (µg/mL)
Mr1 = molecular weight of pioglitazone, 356.44
Mr2 = molecular weight of pioglitazone hydrochloride,

BRIEFING392.90

IMPURITIES
Organic Impurities Propafenone Hydrochloride,  USP 32 page 3408. On the ba-
• PROCEDURE sis of comments received, it is proposed to delete Organic Impu-

Mobile phase:  Proceed as directed in the Assay. rities, Procedure 1. The limits for methanol and acetone in the
Diluent:  Mobile phase and methanol (4:1) monograph are 100 ppm and 1000 ppm, whereas the allowed
System suitability solution:  Dilute the Standard solution limits for these solvents, according to ICH guidelines and
from the Assay with Mobile phase to obtain a solution con- Residual Solvents 〈467〉, Option 1, are 3000 ppm and 5000 ppm.
taining 25 µg/mL of pioglitazone hydrochloride and 6.5 The absence of this test in the corresponding drug substance
µg/mL of benzophenone. monograph in the European Pharmacopoeia and the lack of sup-

Standard solution:  1 µg/mL of USP Pioglitazone Hydrochlo- porting data for these tighter limits support the proposal to de-
ride RS in Diluent. [NOTE—If necessary, dissolve USP Piog- lete the procedure.
litazone Hydrochloride RS in a minimal amount of methanol
and then dilute with Diluent to final concentration.]

Sample solution:  Weigh and finely powder 20 Tablets.
(MD-CV: S. Ramakrishna.) RTS—C81995Transfer an accurately weighed portion of the powder,

equivalent to about 18 mg of pioglitazone to a 100-mL volu-
metric flask and add 20 mL of methanol. Disperse the parti-
cles by sonication for about 1 min, then dilute with Mobile
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TimePropafenone Hydrochloride
 (min) Temperature

Increased rapidly 240°
Hold for 20 min 240°

Injection size:  1 µL
System suitability

Sample:  Standard solution
Suitability requirements
Relative standard deviation:  NMT 15% of the individualC21H27NO3 · HCl 377.90
peak responses from replicate injections1-Propanone, 1-[2-[2-hydroxy-3-(propylamino)propoxy]phenyl]-3-

Analysisphenyl-, hydrochloride;
Samples:  Standard solution and Sample solution2′-[2-Hydroxy-3-(propylamino)propoxy]-3-phenylpropiophenone
Identify, based on retention time, any peaks present in thehydrochloride [34183-22-7].
chromatogram of the Sample solution, and calculate the

DEFINITION amounts of methanol and acetone present.
Propafenone Hydrochloride contains NLT 98.0% and NMT Acceptance criteria:  NMT 100 ppm of methanol and 1000

102.0% of C21H27NO3 · HCl, calculated on the dried basis. ppm of acetone are found.
▲

▲USP34
IDENTIFICATION • PROCEDURE
• A. INFRARED ABSORPTION 〈197K〉 Mobile phase:  2.5 mM tetrabutylammonium hydrogen sul-
• B.  Dissolve 0.5 g of Propafenone Hydrochloride in 50 mL of fate and acetonitrile (16:9)

water with heating. Adjust with 0.1 N sodium hydroxide to a Diluent:  Acetonitrile and water (9:1)
pH of 9.5–10.0: a precipitate is formed. Cool the mixture, and Standard solution:  5 µg/mL of USP Propafenone Hydrochlo-
filter. Add 1 mL of 6 N nitric acid and 2–3 drops of 0.1 N ride RS in Diluent
silver nitrate to the filtrate: a precipitate is formed, which dis- Sample solution:  Transfer 50 mg of Propafenone Hydrochlo-
solves upon the addition of a few drops of ammonium ride to a 50-mL volumetric flask, dissolve in 5 mL of Diluent,
hydroxide. and dilute with Mobile phase to volume.

Chromatographic systemASSAY (See Chromatography 〈621〉, System Suitability.)• PROCEDURE Mode:  LCSample solution:  Transfer 250 mg of Propafenone Hydro- Detector:  UV 222 nmchloride to a 125-mL flask. Dissolve in 30 mL of methanol, Column:  3.9-mm × 15-cm; packing L10and add 15 mL of mercuric acetate TS. Flow rate:  1 mL/minAnalysis:  Titrate with 0.1 N perchloric acid VS, determining Injection size:  10 µLthe endpoint potentiometrically. Perform a blank determina- System suitabilitytion, and make any necessary correction (see Titrimetry 〈541〉). Sample:  Standard solutionEach mL of 0.1 N perchloric acid is equivalent to 37.79 mg of Suitability requirementsC21H27NO3 · HCl. Column efficiency:  NLT 2000 theoretical platesAcceptance criteria:  98.0%–102.0% on the dried basis Relative standard deviation:  NMT 15%
AnalysisIMPURITIES

Samples:  Standard solution and Sample solutionInorganic Impurities
[NOTE—Allow the Sample solution to elute for NLT eight• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
times the retention time of propafenone.]• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm

Acceptance criteria:  The sum of the peak responses, other
than that of propafenone, from the Sample solution is NMT

Change to read: two times the propafenone response from the Standard solu-
tion (1.0%); and no other peak response, other than that of
propafenone, from the Sample solution is greater than the

Organic Impurities propafenone response from the Standard solution (0.5%).
• PROCEDURE 1: LIMIT OF METHANOL AND ACETONE

Standard solution:  2.0 µg of methanol and 20.0 µg of ace- SPECIFIC TESTS
tone in dimethyl sulfoxide • CLARITY OF SOLUTION:  Dissolve 1.0 g in 30 mL of hot water,

Sample solution:  20 mg/mL in dimethyl sulfoxide and observe without delay: the solution initially is clear.
Chromatographic system • MELTING RANGE OR TEMPERATURE 〈741〉:  171°–175°
(See Chromatography 〈621〉, System Suitability.) • PH 〈791〉:  5.0–6.2, in a solution (1 in 200)
Mode:  GC • LOSS ON DRYING 〈731〉:  Dry a sample at 105° to constant
Detector:  Flame ionization weight: it loses NMT 0.5% of its weight.
Column

ADDITIONAL REQUIREMENTSAnalytical column (fused silica):  0.53-mm × 30-m;
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-coated with a 3.0-µm G43 stationary phase

tainers, and store at a temperature between 15° and 30°.Guard column (silica):  0.53-mm × 5-m; deactivated with
• USP REFERENCE STANDARDS 〈11〉phenylmethyl siloxane

USP Propafenone Hydrochloride RSCarrier gas:  Helium with a linear velocity of 35 cm/s
Temperature
Injection port:  140°
Detector:  260°

Time
 (min) Temperature

0 40°
20 40°
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Tailing factor:  NMT 2.3, Standard solutionBRIEFING
Relative standard deviation:  NMT 2.0%, Standard
solution

AnalysisRivastigmine Tartrate Capsules.  Because there is no existing Samples:  Standard solution and Sample solutionUSP monograph for this drug product, a new monograph, based Calculate the percentage of C14H22N2O2 in the portion ofon validated methods of analysis, is proposed. The liquid chro- Capsules taken:matographic procedures in the Assay and tests for Organic Impu-
rities and Dissolution are based on analyses performed with the Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 1005-µm Hypersil BDS C8 brand of L7 column. The typical retention
times for rivastigmine and tartrate are about 10 and 2 min, rU = peak response of rivastigmine from the Sample
respectively. solution

rS = peak response of rivastigmine from the Standard
solution

CS = concentration of USP Rivastigmine Tartrate RS in(MD-GRE: E. Gonikberg. BPC: M. Marques.) RTS—C61273
the Standard solution (mg/mL)

CU = nominal concentration of rivastigmine in the
Sample solution (mg/mL)

Mr1 = molecular weight of rivastigmine, 250.34
Mr2 = molecular weight of rivastigmine tartrate, 400.43Add the following: Acceptance criteria:  94.0%–105.0%

PERFORMANCE TESTS▲Rivastigmine Tartrate Capsules • DISSOLUTION 〈711〉
Medium:  Water; 500 mL, deaerated

DEFINITION Apparatus 2:  50 rpm, with sinkers if necessary
 Rivastigmine Tartrate Capsules contain an amount of Rivas- Time:  30 min

tigmine Tartrate equivalent to NLT 94.0% and NMT 105.0% of Buffer, Mobile phase, and System suitability solution:  Pre-
the labeled amount of Rivastigmine (C14H22N2O2). pare as directed in the Assay.

Standard solution:  0.192 mg/mL of USP Rivastigmine Tar-
IDENTIFICATION trate RS in Mobile phase
• The retention time of the major peak of the Sample solution Sample solutions:  Pass a portion of the solution under test

corresponds to that of the Standard solution, as obtained in through a suitable 0.45-µm filter, discarding the first few mL.
the Assay. Chromatographic system and System suitability:  Proceed as

directed in the Assay.ASSAY [NOTE—Use an injection size of 100 µL.]• PROCEDURE AnalysisBuffer:  8.6 mg/mL of monobasic ammonium phosphate in Samples:  Standard solution and Sample solutionwater. Adjust with ammonia solution to a pH of 7.0. Calculate the percentage of C14H22N2O2 dissolved:Mobile phase:  Methanol, acetonitrile, and Buffer (15:15:70)
Standard solution:  0.064 mg/mL of USP Rivastigmine Tar- Result = (rU/rS) × CS × (Mr1/Mr2) × (V/L) × 100
trate RS in Mobile phase. [NOTE—Use a small amount of meth-
anol (about 2% of the final volume) to facilitate dissolution rU = peak response from the Sample solution
before diluting with Mobile phase to volume, and use sonica- rS = peak response from the Standard solution
tion if necessary.] CS = concentration of the Standard solution (mg/mL)

System suitability solution:  0.01 mg/mL each of USP Rivas- Mr1 = molecular weight of rivastigmine, 250.34
tigmine Related Compound A RS and USP Rivastigmine Re- Mr2 = molecular weight of rivastigmine tartrate, 400.43
lated Compound B RS in Mobile phase V = volume of Medium, 500 mL

Sample solution:  Remove as completely as possible the con- L = label claim (mg/Capsule)
tents of NLT 20 Capsules, and mix. Transfer a weighed portion Tolerances:  NLT 75% (Q) of the labeled amount of
of the combined contents, equivalent to about 48 mg of rivas- C14H22N2O2 is dissolved.
tigmine, to a 250-mL volumetric flask. Add 25 mL of metha- • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
nol and 60 mL of Mobile phase, and sonicate for 15 min to
disperse the contents. Dilute with Mobile phase to volume, IMPURITIES
mix well, and centrifuge. Dilute a portion of the supernatant Organic Impurities
with Mobile phase to obtain a solution having a concentration • PROCEDURE
of 0.038 mg/mL of rivastigmine, based on the label claim. Buffer, Mobile phase, and System suitability solution:  Pre-

Chromatographic system pare as directed in the Assay.
(See Chromatography 〈621〉, System Suitability.) Standard solution:  1.6 µg/mL of USP Rivastigmine Tartrate
Mode:  LC RS in Mobile phase
Detector:  UV 215 nm Sample solution:  Remove as completely as possible the con-
Column:  4.6-mm × 25-cm; 5-µm packing L7 tents of NLT 20 Capsules, and mix. Transfer a weighed por-
Flow rate:  1.5 mL/min tion of the combined contents, equivalent to 25 mg of rivas-
Injection size:  20 µL tigmine, to a 25-mL volumetric flask. Disperse in 10 mL of

System suitability Mobile phase, and sonicate for 15 min. Dilute with Mobile
Samples:  Standard solution and System suitability solution phase to volume, mix well, and centrifuge. Use the
[NOTE—The relative retention times for rivastigmine related supernatant.
compound A, rivastigmine related compound B, and rivas- Chromatographic system:  Proceed as directed in the Assay.
tigmine are 0.46, 0.57, and 1.0, respectively.] System suitability

Suitability requirements Samples:  System suitability solution and Standard solution
Resolution:  NLT 1.5 between rivastigmine related com- Suitability requirements
pound A and rivastigmine related compound B, System Resolution:  NLT 1.5 between rivastigmine related com-
suitability solution pound A and rivastigmine related compound B, System

Column efficiency:  NLT 5000 theoretical plates, Standard suitability solution
solution Relative standard deviation:  NMT 10.0%, Standard

solution
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Analysis Add the following:
Samples:  Standard solution and Sample solution
[NOTE—Identify the peaks using the relative retention times
provided in Impurity Table 1.] ▲Rizatriptan Benzoate

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

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100

rU = peak response of each individual impurity from
the Sample solution

 rS = peak response of rivastigmine from the Standard
solution

CS = concentration of USP Rivastigmine Tartrate RS in C22H25N5O2 391.47
the Standard solution (mg/mL) 1H-Indole-3-ethanamine, N,N-dimethyl-5-(1H-1,2,4-triazol-1-

CU = nominal concentration of rivastigmine in the ylmethyl)-, monobenzoate;
Sample solution (mg/mL) 3-[2-(Dimethylamino)ethyl]-5-(1H-1,2,4-triazol-1-ylmethyl)indole

Mr1 = molecular weight of rivastigmine, 250.34 monobenzoate [145202-66-0].
Mr2 = molecular weight of rivastigmine tartrate, 400.43

DEFINITIONF = relative response factor (see Impurity Table 1)
Rizatriptan Benzoate contains NLT 98.0% and NMT 102.0% ofAcceptance criteria

C22H25N5O2, calculated on the anhydrous basis.Individual impurities:  See Impurity Table 1.
Total impurities:  NMT 1.0%

IDENTIFICATION
• A. INFRARED ABSORPTION 〈197K〉

Impurity Table 1 • B.  The retention times of the major peaks in the Sample solu-
tion correspond to those of the Standard solution, as obtainedRelative Relative Acceptance
in the Assay. Retention  Response  Criteria,

Name  Time  Factor NMT (%) ASSAY
Phenol impuritya 0.28 1.6 0.6 • PROCEDURE
Rivastigmine 1.0 1.0 — Solution A:  Add 1.0 mL of trifluroacetic acid to 1 L of a

solution of acetonitrile and water (4:21), and mix.Any other individu- — 1.0 0.2
Solution B:  Acetonitrile and trifluroacetic acid (1000:1)al impurity
Diluent:  Acetonitrile and water (1:9)Total impurities — — 1.0
Standard solution:  1 mg/mL of USP Rizatriptan Benzoate RSa 3-(1-Dimethylamino ethyl)phenol.
in Diluent 

Sample solution:  1 mg/mL of Rizatriptan Benzoate in Diluent
ADDITIONAL REQUIREMENTS Mobile phase:  See the gradient table below.
• PACKAGING AND STORAGE:  Preserve in tight containers and

store at controlled room temperatures.
Time Solution A Solution B• USP REFERENCE STANDARDS 〈11〉
(min) (%) (%)USP Rivastigmine Tartrate RS

0 100 0USP Rivastigmine Related Compound A RS (DPTTA impurity)
8.0 100 0Di-p-toluoyl-D-(+)-tartaric acid monohydrate

(C20H20O9  404.37) 17.0 70 30
USP Rivastigmine Related Compound B RS (Nor impurity) 20.0 70 30

N,N-Dimethylcarbamic acid-3-[1-(dimethyl- 20.1 100 0
amino)ethyl]phenyl ester

23.0 100 0(C13H20N2O2   236.32)▲USP34

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LCBRIEFING Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L11
Column temperature:  40°

Rizatriptan Benzoate.  Because there is no existing USP mon- Flow rate:  1.5 mL/min
ograph for this drug substance, a new monograph, based on Injection size:  20 µL
validated methods of analysis, is being proposed. The liquid System suitability
chromatographic procedures in the Assay and in the Organic Sample:  Standard solution
Impurities test are based on analyses performed with the Zorbax [NOTE—The relative retention times for rizatriptan and ben-
SB phenyl brand of L11 column. The typical retention times for zoic acid are 1.0 and 2.0, respectively.]
the rizatriptan and benzoic acid peaks are about 5 and 10 min, Suitability requirements
respectively. Tailing factor:  NMT 3.0 for rizatriptan

Rizatriptan Benzoate is part of a USP/Ph. Eur. pilot project for Relative standard deviation:  NMT 0.73% for the riza-
prospective harmonization of monographs for drug substances. triptan peak
The draft monograph has been jointly prepared by the United Analysis
States Pharmacopeia and the European Pharmacopoeia and is Samples:  Standard solution and Sample solution
now being presented for public comment in the Forums of the Calculate the percentage of C22H25N5O2 in the portion of
two pharmacopeias. Rizatriptan Benzoate taken:

Result = (rU/rS) × (CS/CU) × 100
(MD-PP: R. Ravichandran.) RTS—C68972

rU = peak response for rizatriptan from the Sample
solution
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rS = peak response for rizatriptan from the Standard triazol-1-yl)methyl]-1H-indol-2-yl}-N,N-dimethylethanamine.
solution (C15H19N5  269.34)▲USP34

CS = concentration of USP Rizatriptan Benzoate RS in
the Standard solution (mg/mL)

CU = concentration of Rizatriptan Benzoate in the
BRIEFINGSample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES Ropinirole Hydrochloride.  Because there is no existing USP
Inorganic Impurities monograph for this drug substance, a new monograph is being
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% proposed. The liquid chromatographic procedure in the Assay is
• HEAVY METALS 〈231〉:  NMT 10 ppm based on analyses performed with a Hypersil BDS brand of L7

Sample solution:  Dissolve 0.50 g of Rizatriptan Benzoate in column. The typical retention time for ropinirole is about 13
20 mL of water. min. Because of the possibility of different impurity profiles due

Reference solution:  Dilute 0.5 mL of the Standard Lead Solu- to different synthetic routes, a flexible approach is being pro-
tion, prepared as directed under Heavy Metals 〈231〉, with posed with two procedures. The liquid chromatographic proce-
water to 20 mL. dure in the test for Organic Impurities, Procedure 1 is based on

Blank solution:  20 mL of water analyses performed with a Hypersil BDS brand of L7 column.
Analysis:  To each solution add 2 mL of pH 3.5 Acetate Buffer, The typical retention times are about 19.5 min for ropinirole
prepared as directed under Heavy Metals 〈231〉. Mix, and to related compound B and 20.4 min for ropinirole. The proposed
each solution add 1.2 mL of thioacetamide–glycerin base TS. liquid chromatographic procedure in the test for Organic Impuri-
Mix immediately, and allow to stand for 2 min. Pass the solu- ties Procedure 2 is based on the analyses performed with a
tions through a 0.45-µm membrane filter. Compare the spots Kromasil brand of L7 column. The typical retention times are
on the filters obtained from the different solutions: the brown- about 12 min for ropinirole related compound A, 15 min for
ish-black color of the spot resulting from the Sample solution is ropinirole related compound B, and 17 min for ropinirole.
not more intense than that of the spot resulting from the
Reference solution. The test is invalid if the Reference solution
does not show a brownish-black color compared to the Blank

(MD-PP: R. Ravichandran.) RTS—C70122; C75760solution.
Organic Impurities
• PROCEDURE

Solution A, Solution B, Diluent, and Mobile phase:  Pro-
ceed as directed in the Assay.

Sample solution:  1 mg/mL of Rizatriptan Benzoate in Add the following:
Diluent

System suitability solution:  1 mg/mL of USP Rizatriptan
Benzoate System Suitability Mixture RS in Diluent ▲Ropinirole Hydrochloride

Chromatographic system:  Prepare as directed in the Assay.
System suitability

Sample:  System suitability solution
[NOTE—The relative retention times for rizatriptan, riza-
triptan impurity C, and benzoic acid are 1.0, 1.3, and
2.1, respectively.]

Suitability requirements
Resolution:  NLT 2.0 between rizatriptan and rizatriptan

C16H24N2O · HCl 296.84impurity C
2H-Indol-2-one, 4-[2-(dipropylamino)ethyl]-1,3-dihydro-,Analysis

monohydrochloride;Sample:  Sample solution
4-[2-(Dipropylamino)ethyl]-2-indolinone monohydrochlorideCalculate the percentage of each impurity in the portion of

[91374-20-8].Rizatriptan Benzoate taken:

DEFINITIONResult = [rU/(rT − rBA)] × 100
Ropinirole Hydrochloride contains NLT 98.0% and NMT 102.0%

of C16H24N2O · HCl, calculated on the anhydrous basis.rU = peak response of each impurity from the Sample
solution

IDENTIFICATIONrT = sum of the areas of all the peaks from the Sam-
• A. INFRARED ABSORPTION 〈197K〉ple solution
• B.  The retention time of the ropinirole hydrochloride peak ofrBA = area of the benzoic acid peak from the Sample

the Sample solution corresponds to that of the Standard solu-solution
tion, as obtained in the Assay.Acceptance criteria

• C. IDENTIFICATION TEST—GENERAL, Chloride 〈191〉:  Meets theAny individual impurity:  NMT 0.10%
requirementsTotal:  NMT 0.3%. [NOTE—Disregard any impurity that is

Sample:  20 mg/mLless than 0.05%.]

ASSAYSPECIFIC TESTS
• PROCEDURE• WATER DETERMINATION, Method Ia 〈921〉:  NMT 0.5%

Buffer:  1.88 g of sodium 1-hexanesulfonate and 1 g of phos-
phoric acid in 1 L of water. Adjust with dilute triethylamineADDITIONAL REQUIREMENTS
solution (1 mL/10 mL) to a pH of 6.5.• PACKAGING AND STORAGE:  Store in well-closed containers at

Diluent:  Acetonitrile and water (1:4)room temperature.
Mobile phase:  Acetonitrile and Buffer (1:4)• USP REFERENCE STANDARDS 〈11〉
Standard solution:  0.1 mg/mL of USP Ropinirole Hydrochlo-USP Rizatriptan Benzoate RS
ride RS in Diluent. Sonication may be used to aid dissolution.USP Rizatriptan Benzoate System Suitability Mixture RS. 

Sample solution:  0.1 mg/mL of Ropinirole Hydrochloride inMixture of rizatriptan benzoate and at least 0.1% of riza-
Diluent. Sonication may be used to aid dissolution.triptan impurity C. Rizatriptan impurity C is 2-{5-[(1H-1,2,4-
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Chromatographic system Tailing factor:  NLT 2.0 for the ropinirole peak
(See Chromatography 〈621〉, System Suitability.) Relative standard deviation:  NMT 2.0% for the
Mode:  LC ropinirole peak
Detector:  UV 215 nm Analysis
Column:  4.6-mm × 25-cm; 5-µm packing L7 Sample:  Sample solution
Temperature:  30° Calculate the percentage of any individual impurity in the
Flow rate:  1.0 mL/min portion of Ropinirole Hydrochloride taken:
Injection size:  10 µL

Result = (rU/rT) × 1/F × 100Run time  2.5 times the retention time of ropinirole
System suitability

rU = peak response for each individual impurity fromSample:  Standard solution
the Sample solutionSuitability requirements

rT = sum of responses for all peaks from the SampleTailing factor:  NMT 1.6
solutionRelative standard deviation:  NMT 1.5%

F = relative response factor from Impurity Table 1Analysis
Acceptance criteriaSamples:  Standard solution and Sample solution

Individual impurities:  See Impurity Table 1.Calculate the percentage of C16H24N2O · HCl in the portion of
Total impurities:  NMT 0.50%Ropinirole Hydrochloride taken:

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

rU = peak response from the Sample solution Relative Relative Acceptance
rS = peak response from the Standard solution Retention Response Criteria,
CS = concentration of the Standard solution (mg/mL) Name Time Factor NMT (%)
CU = concentration of the Sample solution (mg/mL) Open ring nitro 0.39 0.72 0.15

Acceptance criteria:  98.0%–102.0% on the anhydrous basis derivativea

Monopropyl 0.58 1.1 0.15IMPURITIES
ropiniroleb

Inorganic Impurities
N-hydrox- 0.84 0.65 0.15• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
yropinirolec• HEAVY METALS, Method II 〈231〉:  NMT 10 ppm

Ropinirole related 0.97 0.66 0.15Organic Impurities
compound Bd[NOTE—If methylene ropinirole and propylidene ropinirole are

known process impurities, Procedure 2 is recommended.] Ropinirole 1.0 — —
• PROCEDURE 1 Any other unknown — 1.0 0.10

Buffer and Diluent:  Proceed as directed in the Assay. individual impurity
Solution A:  Acetonitrile and Buffer (3:17) a 2-{2-[2-(Dipropylamino)ethyl]-6-nitrophenyl}acetic acid.
Solution B:  Acetonitrile and water (3:2)  b 4-[2-(Propylamino)ethyl]indolin-2-one.
Mobile phase:  Mixture of Solution A and Solution B. See the  c 4-[2-(Dipropylamino)ethyl]-1-hydroxyindolin-2-one.
gradient table below.  d 4-[2-(Dipropylamino)ethyl]indoline-2,3-dione.

• PROCEDURE 2
Time Solution A Solution B Solution A:  3.85 g/L of ammonium acetate. Adjust with
(min) (%) (%) phosphoric acid to a pH of 2.5.

0 100 0 Solution B:  Acetonitrile and methanol (7:3)
5 100 0 Diluent:  Solution A and Solution B (21:4)

Mobile phase:  Mixture of Solution A and Solution B. See the30 60 40
gradient table below.50 60 40

55 100 0
60 100 0 Time Solution A Solution B

(min) (%) (%)
System suitability solution:  1 mg/mL of USP Ropinirole Hy- 0 84 16
drochloride RS and 1.5 µg/mL of USP Ropinirole Related

16 84 16Compound B RS in Diluent
36 20 80Sample solution:  1 mg/mL of Ropinirole Hydrochloride in
37 84 16Diluent

Chromatographic system 51 84 16
(See Chromatography 〈621〉, System Suitability.)

Standard solution:  3 µg/mL of USP Ropinirole Related Com-Mode:  LC
pound B RS in DiluentDetector:  UV 215 nm

System suitability solution:  0.05 mg/mL each of USPColumn:  4.6-mm × 25-cm; 5-µm packing L7
Ropinirole Hydrochloride RS, USP Ropinirole Related Com-Temperature:  30°
pound A, and USP Ropinirole Related Compound B in DiluentFlow rate:  1 mL/min

Sample solution:  1 mg/mL of Ropinirole Hydrochloride inInjection size:  10 µL
DiluentSystem suitability

Chromatographic systemSamples:  System suitability solution
(See Chromatography 〈621〉, System Suitability.)Suitability requirements

Resolution:  NLT 1.5 between ropinirole and ropinirole
related compound B
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Mode:  LC Buffer:  Carefully add 27 mL of hydrochloric acid to 25 g of
Detector:  UV 250 nm ammonium acetate and dilute with water to 100 mL.
Column:  4.6-mm × 25-cm; 5-µm packing L7 Pd standard solution:  10 ppm of Pd from commercially
Temperature:  40° available ICP grade 1000 ppm Pd stock solution
Flow rate:  1.0 mL/min Standard solution:  Pipet 1.0 mL of Pd standard solution into
Injection size:  10 µL a platinum crucible and gently evaporate to dryness. Moisten

System suitability the residue with 0.5 mL of sulfuric acid and heat with a bun-
Samples:  Standard solution and System suitability solution sen burner until fumes are no longer emitted. Place the cruci-
Suitability requirements ble in a muffle furnace at 700°, and heat for 5 additional min.
Resolution:  NLT 2.0 between ropinirole related com- Cool, and add 5 mL of hydrochloric acid to the residue and
pound A and ropinirole related compound B; NLT 3.0 be- evaporate to dryness. Add 1 mL of 2 M hydrochloric acid and,
tween ropinirole related compound B and ropinirole, Sys- if necessary, dissolve the residue with gentle heating. When
tem suitability solution cool, transfer the contents to a 50-mL beaker. Wash the cruci-

Tailing factor:  NMT 1.5 for ropinirole, System suitability ble twice with 1-mL aliquots of water and add the washings
solution to the beaker. Pass the solution through a 2-µm membrane

Relative standard deviation:  NMT 5.0% for the filter into a centrifuge tube.
ropinirole related compound B peak, Standard solution Sample solution:  Transfer 1 g of the Ropinirole Hydrochloride

Analysis to a platinum crucible, and heat over a bunsen burner until
Samples:  Standard solution and Sample solution the material is completely carbonized. Moisten the contents

Calculate the percentage of ropinirole related compound B in with 0.5 mL of sulfuric acid and heat over a bunsen burner
the portion of Ropinirole Hydrochloride taken: until fumes are no longer emitted. Place the crucible in a muf-

fle furnace at 700°, and heat until all the organic material has
Result = (rU/rS) × (CS/CU) × 100 been destroyed. When cool, add 5 mL of hydrochloric acid to

the residue and evaporate to dryness. Add 1 mL of 2 M hy-
rU = peak response for ropinirole related compound B drochloric acid and, if necessary, dissolve the residue with

from the Sample solution gentle heating. When cool, transfer the contents to a 50-mL
rS = peak responses of USP Ropinirole Related Com- beaker. Wash the crucible twice with 1-mL aliquots of water

pound B RS from the Standard solution and add the washings to the beaker. Pass the solution
CS = concentration of USP Ropinirole Related Com- through a 2-µm membrane filter into a centrifuge tube.

pound B RS in the Standard solution (mg/mL) Analysis:  To the filtered Standard solution and Sample solution
CU = concentration of the Sample solution (mg/mL) add 1 mL of Solution A, 0.2 mL of Solution B, and 2 mL of
Calculate the percentage of any other individual impurity in Buffer. Cap the centrifuge tubes securely and incubate at 37°
the portion of Ropinirole Hydrochloride taken: for 2 h. Pass the Sample solution and Standard solution through

a 2-µm membrane filter, wash the membrane with 2-mL ali-
Result = (rU/rT) × 100 quots of water, and allow the membrane to dry.

Acceptance criteria:  The intensity of the spot due to therU = peak response for each individual impurity from sample is not more intense than the spot due to the standardthe Sample solution (10 ppm).rT = sum of the responses for all peaks from the Sam-
ple solution ADDITIONAL REQUIREMENTS

Acceptance criteria • PACKAGING AND STORAGE:  Preserve in well-closed containers
Individual impurities:  See Impurity Table 2. and store at room temperature.
Total impurities:  NMT 1.0% • LABELING:  The label states with which Organic Impurities pro-

cedure the article complies.
• USP REFERENCE STANDARDS 〈11〉Impurity Table 2

USP Ropinirole Hydrochloride RS
Relative Acceptance USP Ropinirole Related Compound A RS

Retention Criteria, 4-(2-Hydroxyethyl)indolin-2-one
Name Time NMT (%) (C10H11NO2  177.20)

Monopropyl ropinirolea 0.37 0.2 USP Ropinirole Related Compound B RS
4-[2-(Dipropylamino)ethyl]indoline-2,3-dioneRopinirole related compound Ab,c 0.70 —
(C16H22N2O2  274.36)▲USP34Ropinirole related compound Bd 0.85 0.3

Ropinirole 1.0 —
Methylene ropinirolee 1.39 0.2
Ropinirole isohexyl analogf 1.64 0.3 BRIEFING
Propylidene ropiniroleg 1.70 0.2
Any individual unspecified impurity — 0.10

Ropivacaine Hydrochloride,  USP 32 page 3522. On the basisa 4-[2-(Propylamino)ethyl]indolin-2-one.
of comments received, it is proposed to make the following b 4-(2-Hydroxyethyl)indolin-2-one. 
changes: c Only used for system suitabilty and peak identification.
1.  Under Specific Tests, delete the test for Optical Rotation, d 4-[2-(Dipropylamino)ethyl]indoline-2,3-dione.

Specific Rotation; the test is not necessary because the mon- e 4-[2-(Dipropylamino)ethyl]-3-methyleneindolin-2-one.
ograph contains a quantitative test for enantiomeric purity. f 4-[2-(2-Methylpentylamino)ethyl]indolin-2-one.

2.  Because a revision is proposed to omit general chapter g (Z)-4-[2-(Dipropylamino)ethyl]-3-propylideneindolin-2-one.
Capillary Electrophoresis 〈727〉, it is proposed to delete the

SPECIFIC TESTS reference to the chapter in the text of Organic Impurities,
• WATER DETERMINATION, Method Ic 〈921〉:  NMT 0.5% Procedure 3: Enantiomeric Purity. See the briefing under
• LIMIT OF PD [NOTE—Perform this test if Pd is a known inorganic Capillary Electrophoresis 〈727〉 in this issue of PF.

impurity.]
Solution A:   Dissolve 2.4 g of sodium hydroxide in 20 mL
water and dilute with glycerol to 100 mL.

(MD-PS: M. Waddell.) RTS—C72647; C83941Solution B:  40 mg/mL of thioacetamide in water. [NOTE—
Solution may be filtered if necessary.]
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with water to 1 L. The pH of this solution is 8.0. Make ad-Ropivacaine Hydrochloride
justments if necessary.

Mobile phase:  Acetonitrile and Buffer solution (1:1)
System suitability solution:  10 µg/mL each of USP Ropiva-
caine Hydrochloride RS and USP Bupivacaine Hydrochloride
RS in Mobile phase

Sample solution 1:  2.75 mg/mL of Ropivacaine Hydrochlo-
ride in Mobile phase

Sample solution 2:  2.75 µg/mL of Ropivacaine Hydrochlo-
C17H26N2O · HCl · H2O 328.89 ride from Sample solution 1 diluted in Mobile phase
(S)-(–)-1-Propylpiperidine-2-carboxylic acid (2,6-dimethylphenyl) Chromatographic system

amide hydrochloride monohydrate; (See Chromatography 〈621〉, System Suitability.)
(S)-(–)-1-Propyl-2′,6′-pipecoloxylidine hydrochloride monohydrate Mode:  LC

[132112-35-7]. Detector:  UV 240 nm
Column:  3.9-mm × 15-cm; 4-µm packing L1

DEFINITION Flow rate:  1 mL/min
Ropivacaine Hydrochloride contains NLT 98.5% and NMT Injection size:  20 µL

101.0% of C17H26N2O · HCl, calculated on the anhydrous basis. System suitability
Samples:  System suitability solution and Sample solution 2IDENTIFICATION [NOTE—The relative retention times for bupivacaine and• A. INFRARED ABSORPTION 〈197K〉 ropivacaine are 1.6 and 1.0, respectively.]• B. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉 Suitability requirementsSample solution:  10 mg/mL Resolution:  NLT 6 between ropivacaine and bupivacaine,

System suitability solutionASSAY
Signal-to-noise ratio:  NLT 10 for ropivacaine, Sample so-• PROCEDURE
lution 2Sample solution:  Dissolve 1000 mg of Ropivacaine Hydro-
[NOTE—Check the stability of the baseline by injectingchloride in 10 mL of water and 40 mL of alcohol. Add 1.0 mL
Mobile phase. Run the chromatogram for at least 15of 1 N hydrochloric acid.
min.]Analysis:  Titrate with 1 N sodium hydroxide VS. Two equiva-

Analysislence points are obtained; the difference in titrant volume cor-
Samples:  System suitability solution and Sample solution 1responds to the amount of ropivacaine hydrochloride (see Ti-
Calculate the percentage of each impurity in the portion oftrimetry 〈541〉). Each mL of 1 N sodium hydroxide is
Ropivacaine Hydrochloride taken:equivalent to 310.9 mg of anhydrous ropivacaine hydrochlo-

ride (C17H26N2O · HCl).
Result = (rU/rT) × 100Acceptance criteria:  98.5%–101.0% on the anhydrous basis

rU = peak response for each impurity from the Sam-IMPURITIES
ple solutionInorganic Impurities

rT = sum of all the peak responses from the Sample• HEAVY METALS 〈231〉
solutionpH 3.5 acetate buffer and Standard lead solution:  Prepare

Acceptance criteriaas directed under Heavy Metals 〈231〉.
Bupivacaine:  NMT 0.2%Dilute lead standard solution:  Dilute 10.0 mL of the Stan-
Any other individual impurity:  NMT 0.1%dard lead solution with water to 100 mL. Each mL of Dilute
Total impurities:  NMT 0.5%lead standard solution contains the equivalent of 1 µg of lead.

• PROCEDURE 2: LIMIT OF ROPIVACAINE RELATED COMPOUND A0.25 M sodium sulfide solution:  Dissolve 6.0 g of sodium
Buffer solution, Mobile phase, System suitability solution,sulfide in 40 g of glycerol, then dilute with water to 100 mL.
and Chromatographic system:  Prepare as directed in Pro-Filter using a cotton pad, and store in a glass container pro-
cedure 1.tected from light.

Standard solution:  0.13 µg/mL of USP Ropivacaine RelatedSample stock solution:  Prepare as directed under Heavy
Compound A RS in Mobile phaseMetals 〈231〉, Method II, using 3.97–4.00 g of Ropivacaine

Sample solution:  10 mg/mL of Ropivacaine HydrochlorideHydrochloride.
in Mobile phaseStandard solution:  Combine 10.0 mL of the Dilute lead

Signal-to-noise ratio:  NLT 10 for ropivacaine in the Stan-standard solution with 2 mL of the Sample stock solution and
dard solution2 mL of pH 3.5 acetate buffer.

AnalysisSample solution:  Combine 12 mL of the Sample stock solu-
Samples:  Standard solution and Sample solutiontion with 2 mL of pH 3.5 acetate buffer.
Acceptance criteria:  The response for any peak corre-Blank:  Combine 10 mL of water, 2 mL of pH 3.5 acetate
sponding to ropivacaine related compound A (2,6-buffer, and 2 mL of the Sample solution.
dimethylaniline) in the Sample solution is not greater thanAnalysis:  Transfer the Blank to a color-comparison tube.
the response of the major peak in the Standard solutionTransfer the Standard solution and the Sample solution to indi-
(NMT 0.01%).vidual color-comparison tubes each containing 1 drop of

• PROCEDURE 3: ENANTIOMERIC PURITY0.25 M sodium sulfide solution. After 1 min, compare the col-
Background electrolyte solution:  9.31–10.29 mg/mL ofors, viewing downward over a white surface.
phosphoric acid in water. Adjust the pH with triethanolamineAcceptance criteria:  The Standard solution shows a slight
to 2.9–3.1.brown color compared to the Blank; and the Sample solution

Run buffer:  13.3 mg/mL of heptakis-(2,6-di-O-methyl)-β-is not darker than the Standard solution (NMT 10 ppm).
cyclodextrin in Background electrolyte solution. [NOTE—This so-
lution is freshly prepared and passed through a 0.45-µm

Change to read: filter.]
System suitability solution:  15 µg/mL each of USP Ropiva-
caine Hydrochloride RS and USP Ropivacaine Related Com-

Organic Impurities pound B RS• PROCEDURE 1 Sample solution 1:  2 mg/mL of Ropivacaine Hydrochloride
Buffer solution:  Combine 1.3 mL of sodium phosphate Sample solution 2:  0.01 mg/mL of ropivacaine hydrochlo-
monobasic solution (138 g/L) and 32.5 mL of disodium hy- ride from Sample solution 1 diluted with water
drogen phosphate dihydrate solution (89 g/L), and dilute
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Capillary rinsing procedure:  Use separate Run buffer vials Spectrometric conditions
for capillary rinse and sample analysis. Rinse the capillary Mode:  UV-Vis
with water for 1 min, with 0.1 N sodium hydroxide for 10 Analytical wavelengths:  405 and 436 nm
min, and with water for 3 min. If a new or dry capillary is Cell:  5 cm
being used, increase the sodium hydroxide rinse time to 30 Analysis
min. Rinse the capillary between injections as follows: water Samples:  Blank and Sample solution
for 1 min, 0.1 N sodium hydroxide for 4 min, and water for Measure the absorbances of the solutions.
1 min, then Run buffer for 4 min. Rinse times are based on a Acceptance criteria:  NMT 0.030 at 405 nm, and NMT
rinse pressure of 1 bar. 0.025 at 436 nm

Electrophoretic system • CLARITY
(See Capillary Electrophoresis 〈727〉.) Hydrazine sulfate solution:  10 mg/mL of hydrazine sulfate.
▲

▲USP34 Allow to stand 4–6 h.
Mode:  High-performance CE Hexamethylenetetramine solution:  100 mg/mL of
Detector:  UV 206 nm hexamethylenetetramine
Column:  50-µm × 72-cm fused silica Opalescence standard stock suspension:  To the flask con-
Temperature:  30° taining the Hexamethylenetetramine solution add 25.0 mL of
Applied voltage:  375 V/cm Hydrazine sulfate solution, mix, and allow to stand for 24 h.
Initial ramping:  500 V/s, positive polarity, and a resulting This suspension is stable for up to 2 months when stored in a
current of 40–45 µA glass container free from surface defects. The suspension must

Injection size:  Equal volumes not adhere to the flask and must be well mixed before use.
System suitability Opalescence standard suspension:  Dilute 15.0 mL of the

Samples:  System suitability solution and Sample solution 2 Opalescence standard stock suspension with water to 1000 mL.
[NOTE—The relative migration times for ropivacaine related This suspension should be freshly prepared and may be stored
compound B (R enantiomer) and ropivacaine (S enanti- for NMT 24 h.
omer) are 0.96 and 1.0, respectively.] Standard suspension 1:  Opalescence standard suspension and

Suitability requirements water (5:95). Shake before use.
Signal-to-noise ratio:  NLT 10, Sample solution 2 Standard suspension 2:  Opalescence standard suspension and
Resolution:  NLT 3.7 between ropivacaine related com- water (10:90). Shake before use.
pound B and ropivacaine, System suitability solution Sample solution:  480–500 mg of Ropivacaine Hydrochloride
[NOTE—The analysis run time is about 30 min. If needed, in a 25-mL volumetric flask. Dilute with water to volume.
increase the resolution by increasing the concentration Analysis
of heptakis-(2,6-di-O-methyl)-β-cyclodextrin or by lower- Samples:  Standard suspension 1, Standard suspension 2, and
ing the system temperature.] Sample solution

Analysis Use identical tubes of colorless, transparent, neutral glass with
Samples:  Run Buffer, Sample solution 2, and water a flat base and an internal diameter of 15–25 mm. The
Inject Run buffer and water to ensure there are no interfer- depth of the layer is 40 mm. Compare the solutions in dif-
ing peaks (50 mbar for 5.0 s followed by injection of Run fused daylight 5 min after the preparation of Standard sus-
buffer at 50 mbar for 1.0 s), inject the Sample solution into pension 1 and Standard suspension 2, viewing vertically
the electrophoresis system, record the electropherograms, against a black background. The diffusion of light must be
and measure the peak responses for ropivacaine and such that Standard suspension 1 can readily be distinguished
ropivacaine related compound B. from water, and Standard suspension 2 can readily be distin-

Calculate the percentage of ropivacaine related compound guished from Standard suspension 1.
B in the portion of Ropivacaine Hydrochloride taken: Acceptance criteria:  The Sample solution is considered clear if

its clarity is the same as that of water or if its opalescence is
Result = (rR/MR)/(rS/MS) × 100 NMT pronounced that of Standard suspension 1.

rR = peak response of ropivacaine related compound
Delete the following:B from the Sample solution

MR = migration time of ropivacaine related compound
B (min)

▲• OPTICAL ROTATION, Specific Rotation 〈781S〉rS = peak response of ropivacaine from the Sample Solvent:  Dissolve 200 g of sodium hydroxide in water, andsolution dilute with water to 1 L. Combine 20 mL of this solution andMS = migration time of ropivacaine (min) 300 mL of water in a 1-L volumetric flask. Dilute with alcohol[NOTE—After the analysis, rinse the capillary for 10 min with to volume.0.1 N sodium hydroxide, then for 10 min with water. Dry Sample solution:  10 mg/mL, in solventthe capillary before storage.] Acceptance criteria:  Readings at 365 nm: −210° toAcceptance criteria:  NMT 0.5% of ropivacaine related com- −255°▲USP34pound B • PH 〈791〉:  4.5–6.0, in a solution (1 in 100)
• WATER DETERMINATION, Method Ia 〈921〉:  5.0%–6.0%. PerformSPECIFIC TESTS

the determination on 0.0900–0.1100 g of sample.• BACTERIAL ENDOTOXINS TEST 〈85〉:  The level of bacterial endo-
• STERILITY TESTS 〈71〉:  Where the label states that Ropivacainetoxins is such that the requirements under the relevant dosage

Hydrochloride is sterile, it meets the requirements.form monograph(s) in which Ropivacaine Hydrochloride is
used can be met. Where the label states that Ropivacaine Hy- ADDITIONAL REQUIREMENTSdrochloride must be subjected to further processing during the • PACKAGING AND STORAGE:  Preserve in well-closed containers.preparation of injectable dosage forms, the level of bacterial Store at room temperature.endotoxins is such that the requirements under the relevant • LABELING:  Where it is intended for use in preparing injectabledosage form monograph(s) in which Ropivacaine Hydrochlo- dosage forms, the label states that it is sterile or must be sub-ride is used can be met. jected to further processing during the preparation of inject-• COLOR able dosage forms.Blank:  Water • USP REFERENCE STANDARDS 〈11〉Sample solution:  Transfer an aliquot of Ropivacaine Hydro- USP Bupivacaine Hydrochloride RSchloride, 480–500 mg, into a 25-mL volumetric flask, and dis- USP Endotoxin RSsolve in and dilute with water to volume. Pass the solution USP Ropivacaine Hydrochloride RSthrough a 5-µm polyvinylidene filter (PVDF). USP Ropivacaine Related Compound A RS
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USP Ropivacaine Related Compound B RS rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Sertraline Hydrochloride RS

in the Standard solution (mg/mL)
BRIEFING CU = nominal concentration of sertraline in the Sample

solution (mg/mL)
Mr1 = molecular weight of sertraline, 306.23
Mr2 = molecular weight of sertraline hydrochloride, Sertraline Tablets.  Because there is no existing USP mono-

342.70graph for this drug product, a new monograph is proposed. The
Acceptance criteria:  90.0%–110.0% of sertraline free baseproposed liquid chromatographic procedure in the Assay is per-

formed using a Zorbax SB CN, 5-µm column of packing L10
PERFORMANCE TESTSand the liquid chromatographic procedure in the test for Or-
• DISSOLUTION, 〈711〉ganic Impurities is performed using a Chiradex 5-µm column of

Medium:  Acetate buffer (3.0 g/L of sodium acetate trihydratepacking L45. The typical retention time for sertraline is about
and 1.6 mL/L of glacial acetic acid. Adjust with glacial acetic4–6 min under the specified conditions in the Assay.
acid to a pH of 4.5); 900 mL

Apparatus 2:  75 rpm
Time:  30 min

(MD-CV: S. Ramakrishna. BPC: M. Marques.) RTS—C60913 Standard stock solution:  0.56 mg/mL prepared as follows.
Transfer USP Sertraline Hydrochloride RS to a suitable volumet-
ric flask, add methanol (about 5% of the volume of the flask),
and sonicate until dissolved. Dilute with Medium to volume.

Standard solution
For Tablets labeled to contain 50 mg, 100 mg, 150 mg, orAdd the following:
200 mg:  0.056 mg/mL in Medium from the Standard stock
solution.

For Tablets labeled to contain 25 mg:  0.028 mg/mL in▲Sertraline Tablets
Medium from the Standard stock solution.

Sample solution:  Pass a portion of the solution under testDEFINITION
through a suitable 0.45-µm filter. Dilute with Medium, ifSertraline Tablets contain an amount of sertraline hydrochloride
necessary.equivalent to NLT 90.0% and NMT 110.0% of the labeled

Mobile phase:  Acetonitrile and 0.1% v/v phosphoric acidamount of sertraline free base (C17H17Cl2N).
(1:3)

Chromatographic systemIDENTIFICATION
(See Chromatography 〈621〉, System Suitability.)• The retention time of the major peak in the Sample solution
Mode:  LCcorresponds to that in the Standard solution, as obtained in
Detector:  UV 210 nmthe Assay.
Column:  4.6 mm × 25 cm; 5-µm packing L10

ASSAY Column Temperature:  40°
• PROCEDURE Flow rate:  1.5 mL/min

Mobile phase:  Methanol and 0.1% (v/v) phosphoric acid Injection size:  10 µL for Tablets labeled to contain 50 mg,
(1:1) 100 mg, 150 mg, or 200 mg; 20 µL for Tablets labeled to

Standard solution:  0.05 mg/mL of USP Sertraline Hydrochlo- contain 25 mg
ride RS in Mobile phase System suitability

Sample stock solution:  0.5 mg/mL prepared as follows. Sample:  Standard solution
Transfer NLT 10 Tablets to a suitable volumetric flask. Dissolve Suitability requirements
in 0.1% phosphoric acid equivalent to 50% of the volume of Tailing factor:  NMT 2.0
the flask. Sonicate for 15 min with intermittent shaking to Relative standard deviation:  NMT 2.0%
disperse the Tablets. Add an amount of methanol equivalent Analysis
to 40% of the volume of the flask, and continue to sonicate Samples:  Standard solution and Sample solution
for an additional 10 min. Cool the solution, and dilute with Calculate the percentage of C17H17Cl2N dissolved:
methanol to volume.

Result = (rU × rS) × [CS/(D × L)] × (Mr1/Mr2) × V × 100Sample solution:  0.05 mg/mL in Mobile phase from the Sam-
ple stock solution. Pass a portion of this solution through a

rU = peak response from the Sample solutionnylon filter of 0.45-µm or finer porosity, discard the first few
rS = peak response from the Standard solutionmL, and collect the rest of the filtrate.
CS = concentration of USP Sertraline Hydrochloride RSChromatographic system

in the Standard solution (mg/mL)(See Chromatography 〈621〉, System Suitability.)
D = dilution factor for the Sample solutionMode:  LC
L = Tablet label claim (mg)Detector:  UV 210 nm
Mr1 = molecular weight of sertraline, 306.23Column:  4.6-mm × 25-cm; 5-µm packing L10
Mr2 = molecular weight of sertraline hydrochloride,Temperature:  30°

342.69Flow rate:  1.5 mL/min
V = volume of Medium (mL), 900Injection size:  10 µL

Tolerances:  NLT 80% (Q) of the labeled amount of sertralineRun time:  Twice the retention time of sertraline
is dissolved.System suitability

• UNIFORMITY OF DOSAGE UNITS, 〈905〉:  Meet the requirementsSample:  Standard solution
Suitability requirements

IMPURITIESTailing factor:  NMT 2.0
Organic ImpuritiesRelative standard deviation:  NMT 1.0%
• PROCEDUREAnalysis

[NOTE—Use freshly prepared samples.]Samples:  Standard solution and Sample solution
Buffer:  2.72 g/L of monobasic potassium phosphate. AdjustCalculate the percentage of C17H17Cl2N in the portion of Tab-
with triethylamine to a pH of 7.0.lets taken:

Mobile phase:  Methanol, acetonitrile, and Buffer (6:3:11).
Adjust with triethylamine to a pH of 8.0.Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(1) [Jan.–Feb. 2010] IN-PROCESS REVISION 139

Standard solution:  2.5 µg/mL of USP Sertraline Hydrochlo- 1.  Delete the Limit of Peroxide procedure because stability
ride RS in Mobile phase. data indicate that peroxide formation is not a likely degra-

System suitability solution:  5 µg/mL of USP Sertraline Hy- dation pathway.
drochloride Racemic Mixture RS and 0.5 mg/mL of USP Ser- 2.  In Organic Impurities, Procedure 2, to clarify peak identifica-
traline Hydrochloride RS in Mobile phase. tion for the Related compounds identification solution, which

Sample solution:  Prepare a solution of 0.5 mg/mL of ser- does not contain the internal standard, the relative reten-
traline in Mobile phase from NLT 20 powdered tablets. Pass a tion times in Impurity Table 1 are revised so that com-
portion of this solution through a nylon filter having a 0.45- pounds are identified by reference to the sevoflurane peak
µm or finer porosity, discard the first few mL, and use the instead of the internal standard peak.
filtrate.
[NOTE—Sonicate for about 10 min with shaking to disperse
the Tablets.] (MD-PS: M. Waddell.) RTS—C74505Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 210 nm SevofluraneColumn:  4.0-mm × 25-cm; 5-µm, packing L45
Flow rate:  0.7 mL/min
Injection size:  20 µL

System suitability
Samples:  Standard solution and System suitability solution
[NOTE—The relative retention times for sertraline and the
1R,4R cis-isomer of sertraline are 1.0 and 0.9,
respectively.]

C4H3F7O 200.05Suitability requirements
Propane, 1,1,1,3,3,3-hexafluoro-2-(fluoromethoxy)-;Resolution:  NLT 1.5 between sertraline and the 1R, 4R
Fluoromethyl 2,2,2-trifluoro-1-(trifluoromethyl)ethyl ethercis-isomer of sertraline hydrochloride, System suitability

[28523-86-6].solution
Relative standard deviation:  NMT 5%, Standard solution

DEFINITIONAnalysis
Sevoflurane contains NLT 99.97% and NMT 100.00% ofSamples:  Standard solution and Sample solution

C4H3F7O.Calculate the percentage of each individual impurity (other
than process related) in the portion of Tablets taken: IDENTIFICATION

• INFRARED ABSORPTION:  The IR absorption spectrum ofResult = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 Sevoflurane, obtained using a gas cell, exhibits maxima only at
the same wavelengths as that of a similar preparation of USPrU = peak response of each individual impurity from
Sevoflurane RS.the Sample solution

rS = peak response of sertraline from the Standard ASSAY
solution • PROCEDURE

CS = concentration of USP Sertraline RS in the Stan- Analysis:  Using the results from Organic Impurities, Procedure
dard solution (mg/mL) 2, calculate the percentage of C4H3F7O in the volume of

CU = nominal concentration of sertraline in the Sam- Sevoflurane taken by subtracting the sum of percentages for
ple solution (mg/mL) all impurities found from 100.00%.

Mr1 = molecular weight of sertraline, 306.23 Acceptance criteria:  99.97%–100.00% of C4H3F7OMr2 = molecular weight of sertraline hydrochloride,
342.69 IMPURITIES

Acceptance criteria
[NOTE—Disregard any peak below 0.1%.]

Change to read:Individual impurities:  NMT 0.2% of any individual
impurity.

Total impurities:  NMT 2.0% Inorganic Impurities
• LIMIT OF FLUORIDEADDITIONAL REQUIREMENTS

[NOTE—Use plastic utensils throughout this test.]• PACKAGING AND STORAGE:   Preserve in well-closed containers,
Solution A:  Transfer 110 g of sodium chloride and 1 g ofand store at controlled room temperature.
sodium citrate to a 2000-mL volumetric flask. Dissolve in 700• USP REFERENCE STANDARDS 〈11〉
mL of water. Carefully add 150 g of sodium hydroxide, andUSP Sertraline Hydrochloride RS
shake to dissolve. Cool to room temperature, and carefully[(1-Naphthalenamine, 4-(3,4-dichlorophenyl)-1,2,3,4-tetra-
add 450 mL of glacial acetic acid while stirring. Cool, addhydro-N-methyl-, hydrochloride, (1S-cis)-]
600 mL of isopropyl alcohol, and dilute with water to vol-(C17H17Cl2N · HCl  342.69)
ume. [NOTE—The pH of this solution is 5.0–5.5. This solutionUSP Sertraline Hydrochloride Racemic Mixture RS
may be used for 6 weeks when stored at room temperature.][(1:1 mixture of (1S,4S) and (1R,4R)-4-(3,4-dichlorophenyl)-

Solution B:  Transfer 221 mg of sodium fluoride, previouslyN-methyl-1,2,3,4-tetrahydro-1-naphthylamine
dried at 150° for 4 h, to a 100-mL volumetric flask. Addhydrochloride]
about 20 mL of water, and mix to dissolve. Add 1.0 mL of(C17H17Cl2N · HCl  342.69)▲USP34
0.01 N sodium hydroxide, and dilute with water to volume.
Each mL of this solution contains 1 mg of fluoride. Store in a
tightly closed, plastic container. [NOTE—This solution may be
used for 2 weeks when stored in a refrigerator.]BRIEFING

System suitability solution 1:  0.2 µg/mL of fluoride from
Solution B in water

System suitability solution 2:  0.5 µg/mL of fluoride fromSevoflurane,  USP 32 page 3552. On the basis of comments
Solution B in waterreceived, it is proposed to make the following changes:

System suitability solution 3:  2 µg/mL of fluoride from So-
lution B in water
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System suitability solution 4:  5 µg/mL of fluoride from So- Change to read:
lution B in water

Standard solution 1:  0.10 µg/mL of fluoride from System
suitability solution 1 in Solution A Organic Impurities

Standard solution 2:  0.25 µg/mL of fluoride from System • PROCEDURE 1: LIMIT OF NONVOLATILE RESIDUE
suitability solution 2 in Solution A Analysis:  Transfer 10.0 mL of Sevoflurane to an evaporating

Standard solution 3:  1.0 µg/mL of fluoride from System dish, evaporate to dryness on a steam bath, and dry the
suitability solution 3 in Solution A residue at 105° for 2 h.

Standard solution 4:  2.5 µg/mL of fluoride from System Acceptance criteria:  The weight of the residue does not ex-
suitability solution 4 in Solution A ceed 1.0 mg.

Sample solution:  Pipet 50.0 mL of Sevoflurane and 50.0 mL • PROCEDURE 2
of water into a separatory funnel, shake vigorously for 3 min, Internal standard solution:  Use dimethoxymethane.
and allow the liquids to separate completely. Transfer 25.0 Ethylene dichloride identification solution:  Transfer 2.0 mL
mL of the aqueous top layer to a 50-mL volumetric flask, and of Sevoflurane to a vial, and seal with a cap and septum.
dilute with Solution A to volume. Using a microsyringe, add 20 µL of ethylene dichloride

Analysis:  Concomitantly measure the potentials, in mV, of through the septum of the vial, and mix thoroughly.
System suitability solutions 1–4, Standard solutions 1–4, and Sevoflurane related compounds stock solution:  Transfer 20
Sample solution with a pH meter (see pH 〈791〉) capable of a mL of Sevoflurane to a 40-mL vial with a septum lid. Add 20
minimum reproducibility of ±0.2 mV and equipped with a µL each of USP Sevoflurane Related Compound A RS, USP
fluoride-specific ion-indicating electrode and a glass-sleeved Sevoflurane Related Compound B RS, and USP Sevoflurane
calomel reference electrode. [NOTE—When taking measure- Related Compound C RS to the vial, and mix thoroughly.
ments, transfer the solution under test to a 100-mL beaker Related compounds identification solution:  Transfer 1.0
containing a polytef-coated stirring bar, and immerse the mL of Ethylene dichloride identification solution to a 10-mL vol-
electrodes. Allow to stir on a magnetic stirrer having an insu- umetric flask, and dilute with Sevoflurane to volume. Transfer
lated top until equilibrium is attained in about 2–3 min, and 2 mL of this solution and 5 mL of Sevoflurane related com-
record the potential. Rinse the electrodes with Solution A, and pounds stock solution to a 50-mL volumetric flask, dilute with
dry, taking care to avoid damaging the crystal of the specific- Sevoflurane to volume, and mix thoroughly.
ion electrode. A satisfactory response is achieved if the differ- Standard solutions:  Prepare in duplicate, proceeding for
ence between the potentials obtained with System suitability each as follows. Transfer 2.0 mL of ethylene dichloride to a
solution 4 and System suitability solution 1 is in the range screw-capped vial, immediately seal with a cap and septum,
between 50 and 60 mV.] Plot the logarithms of the fluoride and place on a balance. Using a microsyringe, transfer about
concentrations, in µg/mL, of Standard solutions 1–4 versus 20 µL of USP Sevoflurane RS to the vial by inserting the
potentials, in mV. From the graph so obtained and the meas- syringe needle through the septum. Record the quantity, in
ured potential of the Sample solution, determine the concen- mg, of USP Sevoflurane RS added. Using the same method,
tration (µg/mL) of fluoride in the Sample solution. transfer about 20 µL of Internal standard solution to the vial,

Acceptance criteria:  NMT 2 µg/mL is found. and record the quantity, in mg, of the solution added.
• LIMIT OF PEROXIDE Control standard solution:  Place a 40-mL vial with a sep-

Solution A:  Separately cool 1.0 mL of 6 N hydrochloric acid tum lid on an analytical balance, and tare out the weight.
and 1.0 mL of titanium tetrachloride in small beakers sur- Add 30 mL of ethylene dichloride to the vial, and seal tightly.
rounded by crushed ice. Add titanium tetrachloride dropwise Record the weight of the ethylene dichloride, and tare. Using
to the chilled acid, and allow to dissolve. After complete dis- a microsyringe, add 20 µL of the USP Sevoflurane RS through
solution, dilute with 6 N hydrochloric acid to 100 mL. the septum of the vial, record the weight, and mix thor-

Standard stock solution:  Dilute 1 mL of 30% hydrogen per- oughly. Transfer 1.0 mL of this solution to a 100-mL volu-
oxide with water to 400 mL. metric flask, and dilute with ethylene dichloride to volume.

Standard solution:  Transfer 15.0 mL of the Standard stock Sample solution:  Transfer 20.0 mL of Sevoflurane to a vial,
solution to a 1000-mL volumetric flask, dilute with water to and insert the stopper. Using a microsyringe, add 5 µL of
volume, and mix. Transfer 1.0 mL of the solution so obtained Internal standard solution to the vial.
and 5.0 mL of Solution A to a 10-mL volumetric flask, and Chromatographic system
dilute with water to volume. (See Chromatography 〈621〉, System Suitability.)

Sample solution:  Transfer 50.0 mL of Sevoflurane and 5.0 Mode:  GC
mL of Solution A to a separatory funnel, shake vigorously, Detector:  Flame ionization
allow the layers to separate, drain, and discard the lower Column:  0.32-mm × 30-m fused-silica capillary column
layer. Carefully collect the top layer in a 10-mL volumetric coated with a 3.0-µm film of liquid phase G43
flask, and dilute with water to volume. Temperature:  [NOTE—Before use, condition the column

Spectrometric conditions overnight at a temperature of 250°.]
Mode:  UV-Vis
Analytical wavelength:  410 nm Hold Time
Cell:  1 cm Initial Temperature Final at Final
Blank:  Solution A and water (1:1) Temperature Ramp Temperature Temperature

Analysis (°) (°/min) (°) (min)
Samples:  Standard solution, Sample solution, and Blank

40 0 40 10Calculate the peroxide concentration, in µg/mL, in the por-
40 10 200 14tion of C4H3F7O taken:

Injector port:  200°Result = (AU/AS) × 0.22
Detector:  225°

Carrier gas:  HeliumAU = absorbance of the Sample solution
Flow rate:  1 mL/min. [NOTE—The make-up gas flow rateAS = absorbance of the Standard solution
is 20 mL/min.]Acceptance criteria:  NMT 0.22 µg/mL is found.

Injection size:  2 µL▲
▲USP34

Injection type:  Split ratio 1:20
System suitability

Samples:  Related compounds identification solution and
Standard solutions
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Suitability requirements Acceptance criteria:  The aqueous layer requires NMT 0.10
Resolution:  NLT 2.0 between sevoflurane related com- mL of 0.010 N sodium hydroxide or NMT 0.60 mL of 0.010 N
pound C and ethylene dichloride, Related compounds iden- hydrochloric acid for neutralization, bromocresol purple TS be-
tification solution ing used as the indicator.

Column efficiency:  NLT 6000 theoretical plates, Standard • WATER DETERMINATION, Method I 〈921〉:  NMT 0.1%
solutions

ADDITIONAL REQUIREMENTSRelative standard deviation:  NMT 3.0% for the peak
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-area ratio of sevoflurane to the internal standard, Standard

tainers. Store at controlled room temperature. Replace the capsolutions
securely after each use.[NOTE—Identify the peaks using the relative retention

• USP REFERENCE STANDARDS 〈11〉times given in Impurity Table 1.]
USP Sevoflurane RSAnalysis
USP Sevoflurane Related Compound A RSSamples:  Ethylene dichloride identification solution, Control
USP Sevoflurane Related Compound B RSstandard solution, Standard solutions, and Sample solution
USP Sevoflurane Related Compound C RSCalculate the response factor for each of the Standard solu-

tions taken:

Result = (WI/WS) × RS
BRIEFING

WI = weight of the internal standard in the Standard
solutions (mg)

WS = weight of USP Sevoflurane RS in the Standard Spironolactone,  USP 32 page 3593. On the basis of com-
solutions (mg) ments received, it is proposed to delete the test for Melting

RS = peak response ratio of the sevoflurane peak to Range or Temperature because it is a nonspecific test and the
that of the internal standard from the Standard extent to which the decomposition/melting process occurs is de-
solutions pendent on the sample and heating profile. Additionally, there

Acceptance criteria:  The response factors for the duplicate are other specific tests in the monograph like the IR and liquid
Standard solutions do not differ by more than 3.0% from chromatography tests to ensure the quality of the drug
their average. substance.
Calculate the quantity, in µg/g, of each impurity in the por-
tion of C4H3F7O taken:

(MD-CV: S. Ramakrishna.) RTS—C73616Result = (S1/S2) × (RI/FR) × (1/F) × 250

S1 = specific gravity of the internal standard, 0.859
S2 = specific gravity of sevoflurane, 1.525

SpironolactoneRI = peak response ratio of the impurity peak to that
of the internal standard from the Sample solu-
tion

FR = average response factor obtained as directed
above

F = respective relative response factor for the impuri-
ties (see Impurity Table 1)

Acceptance criteria
[NOTE—Do not include sevoflurane, the internal standard, or
any peak identified as solvent carryover (ethylene dichlo-
ride). Also, disregard any peak with an area less than 30%
of the average area of the principal peak in the chromato- C24H32O4S 416.57
gram obtained with the Control standard solution.] Pregn-4-ene-21-carboxylic acid, 7-(acetylthio)-17-hydroxy-3-oxo-,

Individual impurities:  NMT 25 µg/g of sevoflurane re- γ-lactone, (7α,17α)-;
lated compound A, and NMT 100 µg/g of any other single 17-Hydroxy-7α-mercapto-3-oxo-17α-pregn-4-ene-21-carboxylic
impurity acid, γ-lactone acetate [52-01-7].

Total impurities:  NMT 300 µg/g
DEFINITION
Spironolactone contains NLT 97.0% and NMT 103.0% of

Impurity Table 1 C24H32O4S, calculated on the dried basis.
Relative Relative

IDENTIFICATION Retention  Response
• A. INFRARED ABSORPTION 〈197S〉Name  Time  Factor

Sample solution:  50 mg/mL in chloroformSevoflurane related compound A 0.57▲0.78▲USP34 1.0
• B. ULTRAVIOLET ABSORPTION 〈197U〉

Sevoflurane related compound B 0.62▲0.83▲USP34 1.0 Sample solution:  10 µg/mL in methanol
Sevoflurane 0.74▲1.0▲USP34 — Analytical wavelength:  238 nm
Internal standard (dimethox- 1.0▲1.35▲USP34 — Acceptance criteria:  Absorptivities, calculated on the dried
ymethane) basis, do not differ by more than 3.0%.

• C. PROCEDUREEthylene dichloride 1.69▲2.28▲USP34 —
Sample solution:  100 mg in 10 mL water and 2 mL of 1 NSevoflurane related compound C 1.71▲2.31▲USP34 0.46
sodium hydroxideUnknown impurities — 1

Analysis:  Boil the mixture for 3 min, cool, and add 1 mL of
glacial acetic acid and 1 mL of lead acetate TS.

SPECIFIC TESTS Acceptance criteria:  A brown-to-black precipitate of lead sul-
• REFRACTIVE INDEX 〈831〉:  1.2745–1.2760 at 20° fide is formed.
• ACIDITY OR ALKALINITY:  Transfer 20.0 mL of Sevoflurane and

20.0 mL of carbon dioxide-free water to a separatory funnel,
shake for 3 min, and allow the layers to separate.
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ASSAY Impurities, Procedure 1 and in the Assay are based on analyses
• PROCEDURE performed with the Waters Symmetry C8 brand of L7 column.

Mobile phase:  Methanol and water (6:4) The retention time of the terbinafine peak is 10.5 min. The pro-
Standard solution:  0.5 mg/mL of USP Spironolactone RS in posed liquid chromatographic procedure in the test for Organic
acetonitrile and water (1:1) Impurities, Procedure 2 is based on analyses performed with the

Sample solution:  0.5 mg/mL of Spironolactone in acetonitrile Waters Xterra RP18 brand of L1 column. The retention time of
and water (1:1) the terbinafine dimer peak is about 28 min.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC (MD-AA: H. Ramanathan, B. Davani. BPC: M. Marques.) RTS—Detector:  UV 230 nm C55784Column:  4.6-mm × 15-cm; packing L1
Flow rate:  1 mL/min
Injection size:  20 µL

System suitability
Sample:  Standard solution

Add the following:Suitability requirements
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 1.5%

▲Terbinafine TabletsAnalysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C24H32O4S taken: DEFINITION

 Terbinafine Tablets contain Terbinafine Hydrochloride equivalent
Result = (rU/rS) × (CS/CU) × 100 to NLT 90.0% and NMT 110.0% of the labeled amount of

terbinafine (C21H25N).
rU = peak response from the Sample solution
rS = peak response from the Standard solution IDENTIFICATION
CS = concentration of USP Spironolactone RS in the • The retention time of the major peak of the Sample solution

Standard solution (mg/mL) corresponds to that of the Standard solution, as obtained in
CU = concentration of Spironolactone in the Sample the Assay.

solution (mg/mL)
ASSAYAcceptance criteria:  97.0%–103.0% on the dried basis
• PROCEDURE

IMPURITIES Buffer:  0.85 g/L of monobasic potassium phosphate in water.
Organic Impurities Add 1 g sodium 1-decanesulfonate, and adjust with dilute
• PROCEDURE 1: LIMIT OF MERCAPTO COMPOUNDS phosphoric acid to a pH of 3.0.

Sample solution:  Shake 2.0 g with 30 mL of water, and Mobile phase:  Acetonitrile and Buffer (2:3)
filter. Standard solution:  0.2 mg/mL of USP Terbinafine Hydrochlo-

Analysis:  To 15 mL of the filtrate add 3 mL of starch TS, and ride RS in Mobile phase (equivalent to 0.19 mg/mL of
titrate with 0.010 N iodine. Perform a blank determination, terbinafine)
and make any necessary correction. Sample stock solution:  0.5 mg/mL of terbinafine in Mobile

Acceptance criteria:  NMT 0.10 mL of 0.010 N iodine is phase, from crushed, finely powdered Tablets. [NOTE—Sonicate
consumed. for 20 min with intermittent shaking.]

• PROCEDURE 2: ORDINARY IMPURITIES 〈466〉 Sample solution:  0.2 mg/mL of terbinafine in Mobile phase,
Standard solution:  Chloroform from Sample stock solution
Sample solution:  Chloroform Chromatographic system
Eluant:  Butyl acetate (See Chromatography 〈621〉, System Suitability.)
Visualization:  5 Mode:  LC

Detector:  UV 220 nm
SPECIFIC TESTS Column:  3.9-mm × 15-cm; 5-µm packing L7

Flow rate:  1.8 mL/min
Injection size:  5 µLDelete the following:
Run time:  1.5 times the retention time of the terbinafine
peak

System suitability▲• MELTING RANGE OR TEMPERATURE 〈741〉:  Between 198° and
Sample:  Standard solution209°, with decomposition. Occasionally, it may show prelimi-
Suitability requirementsnary melting at about 135°, followed by resolidification.▲USP34

Tailing factor:  NMT 2.0• OPTICAL ROTATION, Specific Rotation 〈781S〉:  −33° to −37°
Relative standard deviation:  NMT 2.0%Sample solution:  10 mg/mL, in chloroform

Analysis• LOSS ON DRYING 〈731〉:  Dry a sample at 105° for 2 h: it loses
Samples:  Standard solution and Sample solutionNMT 0.5% of its weight.
Calculate the percentage of C21H25N in the portion of Tablets

ADDITIONAL REQUIREMENTS taken:
• PACKAGING AND STORAGE:  Preserve in well-closed containers.
• USP REFERENCE STANDARDS 〈11〉 Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

USP Spironolactone RS
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Terbinafine Hydrochloride

BRIEFING RS in the Standard solution (µg/mL)
CU = nominal concentration of terbinafine in the Sam-

ple solution (µg/mL)
Mr1 = molecular weight of terbinafine, 291.44Terbinafine Tablets.  Because there is no existing USP mono-
Mr2 = molecular weight of terbinafine hydrochloride,graph for this drug product, a new monograph based on vali-

327.90dated methods of analysis is being proposed. The proposed liq-
uid chromatographic procedures in the test for Organic
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Acceptance criteria:  90.0%–110.0% CU = nominal concentration of terbinafine in the Sam-
ple solution (mg/mL)

PERFORMANCE TESTS F = relative response factor, as given in Impurity Ta-
• DISSOLUTION 〈711〉 ble 1

Buffer:  Dissolve 21.0 g of citric acid in 200 mL of 1 N sodium Mr1 = molecular weight of terbinafine, 291.44
hydroxide, and dilute with water to 1000 mL. Dilute 40.3 mL Mr2 = molecular weight of terbinafine hydrochloride,
of this solution with 0.1 M hydrochloric acid to 100 mL. 327.90

Medium:  Buffer; 500 mL Acceptance criteria
Apparatus 2:  50 rpm Individual impurities:  See Impurity Table 1.
Time:  30 min Total impurities:  NMT 0.7%
Standard solution:  32 µg/mL of USP Terbinafine Hydrochlo-
ride RS in Medium

Impurity Table 1Sample solution:  Pass a portion of the solution under test
through a suitable 0.45-µm filter. Dilute with Medium, if Relative Relative Acceptance
necessary. Retention Response Criteria,

Spectrometric conditions Name Time  Factor  NMT (%)
(See Spectrophotometry and Light-Scattering 〈851〉.) N-Methyl-1-
Mode:  UV (naphthalen-1-yl) 0.14 1.5 0.2
Analytical wavelength:  283 nm methanamine
Blank:  Medium

Terbinafine 1.0 — —Analysis
Any single unspecifiedSamples:   Standard solution and Sample solution — 1.0 0.1
degradation productCalculate the percentage of the labeled amount of C21H25N

dissolved: • PROCEDURE 2: LIMIT OF TERBINAFINE DIMER
Diluent:  Acetonitrile and water (4:1)Result = (AU/AS) × (CS/L) × (Mr1/Mr2) × V × D × 100
Solution A:  1 mL/L of triethyl amine in water
Solution B:  1 mL of triethyl amine in a mixture of acetoni-AU = absorbance of the Sample solution
trile and water (19:1)AS = absorbance of the Standard solution

Mobile phase:  See the gradient table below.CS = concentration of terbinafine hydrochloride in the
Standard solution (mg/mL)

L = Tablet label claim of terbinafine (mg) Time Solution A Solution B
Mr1 = molecular weight of terbinafine, 291.44 (min)  (%) (%)
Mr2 = molecular weight of terbinafine hydrochloride,

0 40 60327.90
8 30 70V = volume of Medium, 500 (mL)

18 30 70D = dilution factor
Tolerances:  NLT 80% (Q) of the labeled amount of C21H25N 24 16 84
is dissolved. 26 5 95

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements 30 0 100
37 40 60IMPURITIES
45 40 60Organic Impurities

• PROCEDURE 1
Standard solution:  1.4 µg/mL of USP Terbinafine Hydro-Buffer and Mobile phase:  Proceed as directed in the Assay.
chloride RS in Diluent (equivalent to 1.2 µg/mL ofStandard solution:  0.7 µg/mL of USP Terbinafine Hydro-
terbinafine)chloride RS in Mobile phase (equivalent to 0.6 µg/mL of

Sample solution:  2.5 mg/mL of terbinafine in Diluent, fromterbinafine)
crushed, finely powdered Tablets. [NOTE—Sonicate for 20Sample solution:  Proceed as directed in the Assay.
min with intermittent shaking.]Chromatographic system

Chromatographic system(See Chromatography 〈621〉, System Suitability.)
(See Chromatography 〈621〉, System Suitability.)Mode:  LC
Mode:  LCDetector:  UV 220 nm
Detector:  UV 280 nmColumn:  3.9-mm × 15-cm; 5-µm packing L7
Column:  4.6-mm × 15-cm; 5-µm packing L1Flow rate:  1.8 mL/min
Flow rate:  1 mL/minInjection size:  50 µL
Temperature:  52°Run time:  4 times the retention time of the terbinafine
Injection size:  100 µLpeak

System suitabilitySystem suitability
Sample:  Standard solutionSample:  Standard solution
Suitability requirementsSuitability requirements
Tailing factor:  NMT 2.0Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 10.0%Relative standard deviation:  NMT 10.0%

AnalysisAnalysis
Samples:  Standard solution and Sample solutionSamples:  Standard solution and Sample solution

Calculate the percentage of the terbinafine dimer in the por-Calculate the percentage of any other unspecified degrada-
tion of Tablets taken:tion product in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100

rU = peak response of the terbinafine dimer in therU = peak response of each individual impurity from
Sample solutionthe Sample solution

rS = peak response of terbinafine from the StandardrS = peak response of terbinafine from the Standard
solutionsolution

CS = concentration of USP Terbinafine HydrochlorideCS = concentration of USP Terbinafine Hydrochloride
RS in the Standard solution (mg/mL)RS in the Standard solution (mg/mL)
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CU = nominal concentration of terbinafine in the Sam- [NOTE—Water for Injection, ▲whether it is available in bulk or
ple solution (mg/mL) packaged forms,▲USP34 is intended for use in the preparation of

F = relative response factor for the terbinafine dimer parenteral solutions. Where used for the preparation of paren-
Mr1 = molecular weight of terbinafine, 291.44 teral solutions subject to final sterilization, use suitable means
Mr2 = molecular weight of terbinafine hydrochloride, to minimize microbial growth, or first render the Water for In-

327.90 jection sterile and, thereafter, protect it from microbial contam-
Acceptance criteria:  See Impurity Table 2. ination. For parenteral solutions that are prepared under aseptic

conditions and are not sterilized by appropriate filtration or in
the final container, first render the Water for Injection sterileImpurity Table 2 
and, thereafter, protect it from microbial contamination. The

Relative Relative Acceptance tests for Total Organic Carbon and Water Conductivity apply to
Retention Response Criteria, Water for Injection produced on site for use in manufacturing.

Name Time  Factor  NMT (%) ■
■1S (USP33)Water for Injection packaged in bulk for commercial

use elsewhere meets the requirement of the test for BacterialTerbinafine 1.0 — —
Endotoxins■additional requirements of the test for Sterility TestsTerbinafine dimera 2.0 2.1 0.05
in Specific Tests, as well as those for Packaging and Storage and

a (2E,4E)-4-(4,4-Dimethylpent-2-ynylidene)- N1,N5-dimethyl- N1,N5- Labeling,■1S (USP33) as indicated below and the requirements of all
bis(naphthalen-1-ylmethyl)pent-2-ene-1,5-diamine. the tests under Sterile Purified Water, except Labeling■ in Addi-

tional Requirements.■1S (USP33)▲In addition to the Specific Tests,ADDITIONAL REQUIREMENTS
Water for Injection that is packaged for commercial use else-• PACKAGING AND STORAGE:   Preserve in well-closed containers,
where meets the additional requirements for Packaging andprotected from light. Store at room temperature.
Storage and Labeling as indicated under Additional•  USP REFERENCE STANDARDS 〈11〉
Requirements.▲USP34]USP Terbinafine Hydrochloride RS▲USP34

SPECIFIC TESTS

BRIEFING Add the following:

[▲Note—Required for bulk and packaged forms of Water forWater for Injection,  USP 32 page 3870 and page 316 of PF
Injection.]▲USP3435(2) [Mar.–Apr. 2009]. The currently official monograph pro-

• BACTERIAL ENDOTOXINS TEST 〈85〉:  Less than 0.25 USP Endo-vides tests for the form of the article that is “packaged in bulk
toxin Unit/mLfor commercial use elsewhere”. The Specific Tests for this form

are cross-referenced to the Sterile Purified Water monograph, and
in the monograph itself there is also a Bacterial Endotoxins Test. Change to read:However, the Sterile Purified Water monograph contains higher
conductivity limits than those for bulk Water for Injection. In
addition, the Sterile Purified Water monograph contains an Oxi- • WATER CONDUCTIVITY 〈645〉, ■Bulk Water■1S (USP33):  Meets the
dizable Substances test, as opposed to the test in Water for Injec- requirements
tion for Total Organic Carbon. These two chemical tests are in- • TOTAL ORGANIC CARBON 〈643〉:  Meets the requirements
consistent with the specifications for Water for Injection, whether
the form of the article is in bulk or packaged form. Lastly, the

Delete the following:cross-reference to the Sterile Purified Water monograph necessi-
tates Sterility Tests for the packaged form of Water for Injection.
This is also inconsistent with the requirements for bulk Water for

▲• ■STERILITY TESTS 〈71〉:  Where packaged, meets theInjection. If a sterile form of Water for Injection is required, a requirements■1S (USP33)▲USP34monograph already exists with these attributes—Sterile Water for
Injection. ADDITIONAL REQUIREMENTS

Add the following:(PW: A. Hernandez-Cardoso.) RTS—C77509; C78097

[▲Note—Required for bulk and packaged forms of Water for
Injection.]▲USP34Water for Injection

Add the following:DEFINITION

■• PACKAGING AND STORAGE:  Where packaged, preserve in un-Change to read:
reactive storage containers that are designed to prevent micro-
bial entry.■1S (USP33)

[NOTE—For microbiological guidance, see the general information
chapter Water for Pharmaceutical Purposes 〈1231〉.] Add the following:Water for Injection is water purified by distillation or a purification

process that is equivalent or superior to distillation in the re-
moval of chemicals and microorganisms. It is prepared from ■• LABELING:  Where packaged, label the article to state that it
water complying with the U.S. Environmental Protection contains no antimicrobial or other subtance, and that it is not
Agency National Primary Drinking Water Regulations or with intended for direct parenteral administration.■1S (USP33)
the drinking water regulations of the European Union or Japan, • USP REFERENCE STANDARDS 〈11〉
or with the World Health Organization’s Guidelines for Drinking USP 1,4-Benzoquinone RS
Water Quality. It contains no added substance. USP Endotoxin RS

USP Sucrose RS
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Mode:  LCDIETARY SUPPLEMENTS— Detector:  UV 220 nm
Column:  3.9-mm × 30-cm; packing L1MONOGRAPHS Flow rate:  1.5 mL/min
Injection size:  20 µL

System suitability
Sample:  Standard solution
Suitability requirements

Column efficiency:  NLT 1300 theoretical plates
BRIEFING Tailing factor:  NMT 1.2 for alpha lipoic acid

Relative standard deviation:  NMT 1.0%
Analysis

Alpha Lipoic Acid Capsules,  USP 32 page 1043—See briefing Samples:  Standard solution and appropriate Sample solution
under Arginine Capsules. Calculate the percentage of alpha lipoic acid in the portion

of hard gel Capsules taken:

Result = (rU/rS) × (CS/CU) × 100(DS-PS: N. Davydova.) RTS—C82092

rU = peak response from Sample solution A
rS = peak response from the Standard solution
CS = concentration of USP Alpha Lipoic Acid RS in theAlpha Lipoic Acid Capsules Standard solution (mg/mL)
CU = nominal concentration of alpha lipoic acid in

DEFINITION Sample solution A (mg/mL)
Alpha Lipoic Acid Capsules contain NLT 90.0% and NMT 115.0% Calculate the percentage of alpha lipoic acid in each soft gel

of the labeled amount of C8H14O2S2. Capsule taken:

IDENTIFICATION Result = (rU/rS) × (CS/CU) × 100
• The retention time of the major peak of the Sample solution

corresponds to that of the Standard solution, as obtained in rU = peak response of alpha lipoic acid from Sample
the test for Content of Alpha Lipoic Acid. solution B

rS = peak response of alpha lipoic acid from the Stan-
STRENGTH dard solution• CONTENT OF ALPHA LIPOIC ACID CS = concentration of USP Alpha Lipoic Acid RS in the

Mobile phase:  Acetonitrile and 0.025 M phosphoric acid Standard solution (mg/mL)
(19:31) CU = nominal concentration of alpha lipoic acid in

Standard solution:  0.05 mg/mL of USP Alpha Lipoic Acid RS Sample solution B (mg/mL)
in acetonitrile and water (1:1) Acceptance criteria:  90.0%–115.0%

Sample solution A (for hard gelatin capsules):  Empty and
mix thoroughly the contents of NLT 20 Capsules. Transfer a PERFORMANCE TESTS
portion of the powder, equivalent to 100 mg of alpha lipoic
acid, to a suitable container. Add 70 mL of a mixture of

Change to read:acetonitrile and water (1:1), and shake for 45 min by mechan-
ical means. Transfer to a 100-mL volumetric flask, dilute with
the mixture of acetonitrile and water (1:1) to volume, and • DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTSfilter a portion of this preparation, discarding the first 5 mL of 〈2040〉:  ▲Meet the requirements for Dissolution▲USP34the filtrate. Transfer 5.0 mL of the remaining filtrate to a 100- Medium:  Water; 900 mLmL volumetric flask, and dilute with acetonitrile and water Apparatus 1 (for hard gelatin capsules):  100 rpm(1:1) to volume. Apparatus 2 (for soft gelatin capsules):  75 rpmSample solution B (for soft gelatin capsules):  Equivalent to Time:  60 min500 mg of alpha lipoic acid from a counted number of Injection size:  50 µLopened Capsules. Transfer the contents and the shells to a Determine the amount of C8H14O2S2 dissolved by using thesuitable container with stopper, add 500.0 mL of a mixture of following method.acetonitrile and water (1:1), and shake for 45 min by mechan- Mobile phase and Chromatographic system:  Proceed as di-ical means. Filter a portion of this preparation, discarding the rected in the test for Content of Alpha Lipoic Acid.first 5 mL of the filtrate. Transfer 5.0 mL of the remaining Standard solution:  1 mg/mL of USP Alpha Lipoic Acid RS infiltrate to a 100-mL volumetric flask, and dilute with acetoni- a mixture of acetonitrile and water (1:1). Resulting solutiontrile and water (1:1) to volume. and water (1:49), to obtain a concentration of 0.02 mg/mLChromatographic system Sample solution:  Withdraw a portion of the solution under(See Chromatography 〈621〉, System Suitability.) test, and filter, discarding the first portion of the filtrate. Trans-

fer an aliquot to a volumetric flask, and dilute with water to
volume to obtain a solution having an expected concentration
of 0.02 mg/mL of alpha lipoic acid.
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Analysis Mode:  LC
Samples:  Standard solution and Sample solution Detector:  UV 220 nm
 Determine the amount of C8H14O2S2 dissolved: Column:  3.9-mm × 30-cm; packing L1

Flow rate:  1.5 mL/min
Result = (rU/rS) × (CS/CU) × 100 Injection size:  20 µL

System suitability
rU = peak area from the Sample solution Sample:  Standard solution
rS = peak area from the Standard solution Suitability requirements
CS = concentration of USP Alpha Lipoic Acid RS in the Column efficiency:  NLT 1300 theoretical plates

Standard solution (mg/mL) Tailing factor:  NMT 1.2 for alpha lipoic acid
CU = nominal concentration of alpha lipoic acid in the Relative standard deviation:  NMT 1.0%

Sample solution (mg/mL) Analysis
Tolerances:  NLT 70% of the labeled amount of C8H14O2S2 is Samples:  Standard solution and Sample solution
dissolved. Calculate the percentage of alpha lipoic acid in the portion

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the of Tablets taken:
requirements

Result = (rU/rS) × (CS/CU) × 100
ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in well-closed containers. rU = peak response from the Sample solution
• USP REFERENCE STANDARDS 〈11〉 rS = peak response from the Standard solution

USP Alpha Lipoic Acid RS CS = concentration of USP Alpha Lipoic Acid RS in the
Standard solution (mg/mL)

CU = nominal concentration of alpha lipoic acid in the
Sample solution (mg/mL)

BRIEFING Acceptance criteria:  90.0%–115.0%

PERFORMANCE TESTS
Alpha Lipoic Acid Tablets,  USP 32 page 1044—See briefing
under Arginine Capsules. Change to read:

• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS(DS-PS: N. Davydova.) RTS—C82092
〈2040〉:  ▲Meet the requirements for Dissolution▲USP34

Medium:  Water; 900 mL
Apparatus 2:  75 rpm
Time:  60 minAlpha Lipoic Acid Tablets
Injection size:  50 µL
Determine the amount of C8H14O2S2 dissolved by using theDEFINITION following method.Alpha Lipoic Acid Tablets contain NLT 90.0% and NMT 115.0% Mobile phase and Chromatographic system:  Proceed as di-of the labeled amount of C8H14O2S2. rected in the test for Content of Alpha Lipoic Acid.

Standard stock solution:  1 mg/mL of USP Alpha Lipoic AcidIDENTIFICATION
RS in a mixture of acetonitrile and water (1:1)• The retention time of the major peak of the Sample solution

Standard solution:  0.02 mg/mL from the Standard stock solu-corresponds to that of the Standard solution, as obtained in
tion in waterthe test for Content of Alpha Lipoic Acid.

Sample solution:  Withdraw a portion of the solution under
test, and filter, discarding the first portion of the filtrate. Trans-STRENGTH
fer an aliquot to a volumetric flask, and dilute with water to• CONTENT OF ALPHA LIPOIC ACID
volume to obtain a solution having an expected concentrationMobile phase:  Acetonitrile and 0.025 M phosphoric acid
of 0.02 mg/mL of alpha lipoic acid.(19:31)

AnalysisStandard solution:  0.05 mg/mL of USP Alpha Lipoic Acid RS
Samples:  Standard solution and the Sample solutionin acetonitrile and water (1:1)
 Determine the amount of C8H14O2S2 dissolved:Sample solution:  Transfer the equivalent to 100 mg of alpha

lipoic acid from finely powdered Tablets (NLT 20 Tablets) to a
Result = (rU/rS) × (CS/CU) × 100suitable container. Add 70 mL of a mixture of acetonitrile and

water (1:1), and shake for 45 min by mechanical means.
rU = peak response from the Sample solutionTransfer to a 100-mL volumetric flask, dilute with the mixture
rS = peak response from the Standard solutionof acetonitrile and water (1:1) to volume, and filter a portion
CS = concentration of USP Alpha Lipoic Acid RS in theof this preparation, discarding the first 5 mL of the filtrate.

Standard solution (mg/mL)Transfer 5.0 mL of the remaining filtrate to a 100-mL volumet-
CU = nominal concentration of alpha lipoic acid in theric flask, and dilute with acetonitrile and water (1:1) to

Sample solution (mg/mL)volume.
Tolerances:  NLT 70% of the labeled amount of C8H14O2S2 isChromatographic system
dissolved.(See Chromatography 〈621〉, System Suitability.)

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the
requirements

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in well-closed containers.
• LABELING:  Tablets that are coated are so labeled.
• USP REFERENCE STANDARDS 〈11〉

USP Alpha Lipoic Acid RS
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BRIEFING Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; packing L7
Flow rate:  0.8 mL/minArginine Capsules,  USP 32 page 962; Arginine Tablets, USP
Injection size:  10 µL32 page 963; Cat’s Claw Capsules, USP 32 page 973; Cat’s

System suitabilityClaw Tablets, USP 32 page 973; Black Cohosh Tablets, USP 32
Sample:  Standard solutionpage 989; Fish Oil Containing Omega-3 Acids Capsules, USP
Suitability requirements32 page 1009; Ginger Capsules, USP 32 page 1016; American

Column efficiency:  NLT 1500 theoretical platesGinseng Capsules, USP 32 page 1024; American Ginseng Tab-
Relative standard deviation:  NMT 2.0%lets, USP 32 page 1025; Asian Ginseng Tablets, USP 32 page

Analysis1028; Alpha Lipoic Acid Capsules, USP 32 page 1043; Alpha
Samples:  Standard solution and Sample solutionLipoic Acid Tablets, USP 32 page 1044; Pygeum Capsules, USP
Calculate the percentage of C6H14N4O2 in the portion of Cap-32 page 1065; Saw Palmetto Capsules, USP 32 page 1072; Soy
sules taken:Isoflavones Capsules, USP 32 page 1076; Soy Isoflavones Tab-

lets, USP 32 page 1076; Valerian Tablets, USP 32 page 1083;
Result = (rU/rS) × (CS/CU) × 100Oil-Soluble Vitamins Capsules, USP 32 page 1084; Oil-Soluble

Vitamins Tablets, USP 32 page 1086. Editorial revisions have rU = peak response from the Sample solutionbeen proposed to the Disintegration and Dissolution of Dietary rS = peak response from the Standard solutionSupplements 〈2040〉 section for the monographs listed above to CS = concentration of the Standard solution (mg/mL)enhance clarity. CU = nominal concentration of arginine in the Sample
solution (mg/mL)

Acceptance criteria:  90.0%–110.0%
(DS-PS: Natalia Davydova.) RTS—C82092

PERFORMANCE TESTS

Change to read:Arginine Capsules

• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTSDEFINITION
〈2040〉:  ▲Meet the requirements for Dissolution▲USP34Arginine Capsules contain NLT 90.0% and NMT 110.0% of the

Medium:  0.1 N hydrochloric acid; 900 mLlabeled amount of arginine or arginine hydrochloride in an
Apparatus 2:  100 rpmamount equivalent to C6H14N4O2.
Time:  60 min

IDENTIFICATION Standard solution:  Proceed as directed in the Assay. Make
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 necessary adjustments.

Standard solution:  1.5 mg/mL of USP L-Arginine RS or USP Sample solution:  Sample per Disintegration and Dissolution of
Arginine Hydrochloride RS in water Dietary Supplements 〈2040〉. Dilute with Medium to a concen-

Sample solution:  Equivalent to 1.5 mg/mL of arginine, from tration that is similar to that of the Standard solution.
Capsule contents (NLT 20) in water. [NOTE—Sonicate for 15 Analysis:  Determine the amounts of C6H14N4O2 dissolved by
min to aid in dissolution. Filter to obtain the final solution.] using the procedure in the Assay, making any necessary

Application volume:  5 µL modifications.
Developing solvent system:  Isopropyl alcohol and ammo- Tolerances:  NLT 75% (Q)▲

▲USP34 of the labeled amount of
nium hydroxide (7:3) C6H14N4O2 is dissolved.

Spray reagent:  2 mg/mL of ninhydrin in butyl alcohol and 2 • WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the
N acetic acid (95:5) requirements

Analysis:  Proceed as directed for Chromatography 〈621〉, Thin-
ADDITIONAL REQUIREMENTSLayer Chromatography. Dry the plate at 100°–105° until the
• PACKAGING AND STORAGE:  Preserve in tight, light-resistantammonia disappears completely. Spray with the Spray reagent,

containersand heat at 100°–105° for about 15 min. Examine the plate
• LABELING:  The label states the form of arginine that is usedunder white light. The principal spot from the Sample solution

and the equivalent amount of C6H14N4O2.corresponds in appearance and RF value to that of the Stan-
• USP REFERENCE STANDARDS 〈11〉dard solution.

USP L-Arginine RS• B.  The retention time of the major peak of the Sample solu-
USP Arginine Hydrochloride RStion corresponds to that of the Standard solution, as obtained

in the Assay.

STRENGTH
• PROCEDURE BRIEFING

Solution A:  6.9 mg/mL of monobasic sodium phosphate in
water. Adjust with phosphoric acid to a pH of 3.5 before final
dilution. Arginine Tablets,  USP 32 page 963—See briefing under Argi-

Solution 1:  0.5 mg/mL of 1-octanesulfonic acid sodium salt nine Capsules.
in Buffer

Mobile phase:  Acetonitrile and Solution 1 (5:95)
Standard solution:  1.5 mg/mL of USP L-Arginine RS or USP

(DS-PS: N. Davydova.) RTS—C82092Arginine Hydrochloride RS in Solution A
Sample solution:  Equivalent to 1.5 mg/mL of arginine, from
Capsule contents (NLT 20 ) in Solution A. [NOTE—Sonicate for
15 min to aid in dissolution. Filter to obtain the final solution.] Arginine TabletsChromatographic system
(See Chromatography 〈621〉, System Suitability.)

DEFINITION
Arginine Tablets contain NLT 90.0% and NMT 110.0% of the

labeled amount of arginine or arginine hydrochloride in an
amount equivalent to C6H14N4O2.
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IDENTIFICATION Sample solution:  Sample per Disintegration and Dissolution of
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 Dietary Supplements 〈2040〉. Dilute with Medium to a concen-

Standard solution:  1.5 mg/mL of USP L-Arginine RS or USP tration that is similar to that of the Standard solution.
Arginine Hydrochloride RS in water Analysis:  Determine the amounts of arginine C6H14N4O2 dis-

Sample solution:  Equivalent to 1.5 mg/mL of arginine, from solved by using the procedure in the Assay, making any nec-
powdered Tablets (NLT 20) in water. [NOTE—Sonicate for 15 essary modifications.
min to aid in dissolution. Filter to obtain the final solution.] Tolerances:  NLT 75% (Q)▲

▲USP34 of the labeled amount of
Application volume:  5 µL C6H14N4O2 is dissolved.
Developing solvent system:  Isopropyl alcohol and ammo- • WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the
nium hydroxide (7:3) requirements

Spray reagent:  2 mg/mL of ninhydrin in butyl alcohol and 2
ADDITIONAL REQUIREMENTSN acetic acid (95:5)
• PACKAGING AND STORAGE:  Preserve in tight, light-resistantAnalysis:  Proceed as directed for Chromatography 〈621〉, Thin-

containersLayer Chromatography. Dry the plate at 100°–105° until the
• LABELING:  The label states the form of arginine that is usedammonia disappears completely. Spray with the Spray reagent,

and the equivalent amount of C6H14N4O2.and heat at 100°–105° for about 15 min. Examine the plate
• USP REFERENCE STANDARDS 〈11〉under white light. The principal spot from the Sample solution

USP L-Arginine RScorresponds in appearance and RF value to that of the Stan-
USP Arginine Hydrochloride RSdard solution.

• B.  The retention time of the major peak of the Sample solu-
tion corresponds to that of the Standard solution, as obtained
in the Assay.

BRIEFING
STRENGTH
• PROCEDURE

Solution A:  6.9 mg/mL of monobasic sodium phosphate in Cat’s Claw Capsules,  USP 32 page 973. See briefing under
water. Adjust with phosphoric acid to a pH of 3.5 before final Arginine Capsules.
dilution.

Solution 1:  0.5 mg/mL of 1-octanesulfonic acid sodium salt
in Solution A (DS-PS: N. Davydova.) RTS—C82092Mobile phase:  Acetonitrile and Solution 1 (5:95)

Standard solution:  1.5 mg/mL of USP L-Arginine RS or USP
Arginine Hydrochloride RS in Solution A

Sample solution:  Equivalent to 1.5 mg/mL of arginine, from Cat’s Claw Capsulespowdered Tablets (NLT 20) in Solution A. [NOTE—Sonicate for
15 min to aid in dissolution. Filter to obtain the final solution.]

DEFINITIONChromatographic system
Cat’s Claw Capsules contain Powdered Cat’s Claw Extract. Cap-(See Chromatography 〈621〉, System Suitability.)

sules contain NLT 90.0% and NMT 110.0% of the labeledMode:  LC
amount of Powdered Extract, calculated as pentacyclic oxindoleDetector:  UV 215 nm
alkaloids.Column:  4.6-mm × 25-cm; packing L7

Flow rate:  0.8 mL/min
IDENTIFICATIONInjection size:  10 µL • The Sample solution exhibits peaks for speciophylline, uncarineSystem suitability

F, mitraphylline, isomitraphylline, pteropodine, and isoptero-Sample:  Standard solution
podine at retention times that correspond to those in Stan-Suitability requirements
dard solution A, as obtained in the test for Content of Penta-Column efficiency:  NLT 1500 theoretical plates
cyclic Oxindole Alkaloids and Limit of Tetracyclic OxindoleRelative standard deviation:  NMT 2.0%
Alkaloids. The content of tetracyclic oxindole alkaloids, calcu-Analysis
lated as the sum of rhynchophylline and isorhynchophylline, isSamples:  Standard solution and Sample solution
NMT 25% of the labeled amount of pentacyclic oxindoleCalculate the percentage of C6H14N4O2 in the portion of Cap-
alkaloids.sules taken:

OTHER COMPONENTSResult = (rU/rS) × (CS/CU) × 100 • CONTENT OF PENTACYCLIC OXINDOLE ALKALOIDS AND LIMIT OF TE-
TRACYCLIC OXINDOLE ALKALOIDSrU = peak response from the Sample solution

Solution A:  Prepare a 10 mM pH 7.0 phosphate buffer.rS = peak response from the Standard solution
[NOTE—Prepare by mixing 1 N sodium hydroxide, 1 M mono-CS = concentration of the Standard solution (mg/mL)
basic potassium phosphate, and water (3:5:492), and adjustCU = nominal concentration of arginine in the Sample
to a pH of 7.0 ± 0.1 by adding more of either solution.]solution (mg/mL)

Solution B:  AcetonitrileAcceptance criteria:  90.0%–110.0%
Solution C:  Methanol and glacial acetic acid (99:1)
Mobile phase:  See the gradient table below.PERFORMANCE TESTS

Time Solution A Solution B Solution CChange to read:
(min) (%) (%) (%)

0 65 35 0
• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS 17 65 35 0

〈2040〉:  ▲Meet the requirements for Dissolution▲USP34 25 50 50 0
Medium:  0.1 N hydrochloric acid; 900 mL 30 50 50 0Apparatus 2:  100 rpm

31 0 0 100Time:  60 min
36 0 0 100Standard solution:  Proceed as directed in the Assay. Make
39 65 35 0necessary adjustments.
49 65 35 0
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Standard solution A:  0.5 mg/mL of the labeled amount of SPECIFIC TESTS
total oxindole alkaloids from USP Powdered Cat’s Claw Extract • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
RS in methanol. Shake for 1 min, then pass through a filter PLEMENTS 〈2021〉:  Meet the requirements of the tests for ab-
having a 0.45-µm or finer porosity. sence of Salmonella species and Escherichia coli. The total aero-

Standard solution B:  0.1 mg/mL of USP Isopteropodine RS in bic microbial count does not exceed 104 cfu/g, and the total
methanol. Pass through a nylon filter having a 0.45-µm or combined molds and yeasts count does not exceed 103 cfu/g.
finer porosity.

PERFORMANCE TESTSSample solution:  Transfer the equivalent of 20 mg of the
labeled amount of pentacyclic oxindole alkaloids from pow-
dered contents of Capsules to a 50-mL centrifuge tube. Soni- Change to read:
cate with 10 mL of methanol for 10 min. Centrifuge, and
transfer this solution to a 50-mL volumetric flask. Repeat the
above extraction three more times combining the extracts in • DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS
the 50-mL volumetric flask, and dilute with methanol to vol- 〈2040〉:  Meet the requirements for disintegration of botanical
ume. Transfer 3 mL of the solution to a test tube containing dosage forms▲Disintegration▲USP34
300 mg of polyamide powder, and shake for 1 min. Pass • WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the
through a nylon filter having a 0.45-µm or finer porosity, and requirements
discard the first part of the filtrate. [NOTE—Weigh the contents

ADDITIONAL REQUIREMENTSof NLT 20 Capsules, and pulverize, using a mortar and pestle.]
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-Chromatographic system

tainers, and store at room temperature.(See Chromatography 〈621〉, System Suitability.)
• LABELING:  The label states the Latin binomial and, followingMode:  LC

the official name, the article from which the Capsules wereDetector:  UV 245 nm
prepared. If prepared with Extract, the label also indicates theColumn:  4.6-mm × 10-cm; endcapped 3-µm packing L1
quantity, in mg, of Extract/Capsule and the content, in mg, ofFlow rate:  0.75 mL/min
pentacyclic oxindole alkaloids/100 mg of Powdered Extract.Injection size:  10 µL

• USP REFERENCE STANDARDS 〈11〉System suitability
USP Isopteropodine RSSamples:  Standard solution A and Standard solution B
USP Powdered Cat’s Claw Extract RSSuitability requirements:  The chromatogram obtained us-

ing Standard solution A is similar to the Reference Chromato-
gram provided with the USP Powdered Cat’s Claw Extract
RS.

BRIEFINGTailing factor:  NMT 2.0 for the isopteropodine peak,
Standard solution B

Relative standard deviation:  NMT 2%, for the isoptero-
podine peak in repeated injections, Standard solution B Cat’s Claw Tablets,  USP 32 page 973—See briefing under

Analysis Arginine Capsules.
Samples:  Standard solution A, Standard solution B, and Sam-
ple solution
Measure the areas of the analyte peaks. Identify the retention (DS-PS: N. Davydova.) RTS—C82092times of the peaks corresponding to speciophylline, un-
carine F, mitraphylline, isomitraphylline, pteropodine, and
isopteropodine by comparison of the chromatogram of
Standard solution A with the Reference Chromatogram pro- Cat’s Claw Tabletsvided with the lot of the USP Powdered Cat’s Claw Extract
RS used.

DEFINITIONCalculate the percentage of each relevant alkaloid in the por-
Cat’s Claw Tablets contain Powdered Cat’s Claw Extract. Tabletstion of Capsules taken:

contain NLT 90.0% and NMT 110.0% of the labeled amount
of Powdered Extract, calculated as pentacyclic oxindoleResult = (rU/rS) × (CS/CU) × 100
alkaloids.

rU = peak response for each relevant alkaloid from
IDENTIFICATIONthe Sample solution
• The Sample solution exhibits peaks for speciophylline, uncarinerS = peak response for isopteropodine from Standard

F, mitraphylline, isomitraphylline, pteropodine, and isoptero-solution B
podine at retention times that correspond to those in Stan-CS = concentration of USP Isopteropodine RS in Stan-
dard solution A, as obtained in the test for Content of Penta-dard solution B (mg/mL)
cyclic Oxindole Alkaloids and Limit of Tetracyclic OxindoleCU = nominal concentration of the Sample solution
Alkaloids. The content of tetracyclic oxindole alkaloids, calcu-(mg/mL)
lated as the sum of rhynchophylline and isorhynchophylline, isCalculate the content of total pentacyclic oxindole alkaloids
NMT 25% of the labeled amount of pentacyclic oxindoleby adding the individual contents of speciophylline, un-
alkaloids.carine F, mitraphylline, isomitraphylline, pteropodine, and

isopteropodine. OTHER COMPONENTSCalculate the content of tetracyclic oxindole alkaloids by add- • CONTENT OF PENTACYCLIC OXINDOLE ALKALOIDS AND LIMIT OF TE-ing the individual contents of rhynchophylline and
TRACYCLIC OXINDOLE ALKALOIDSisorhynchophylline. Solution A:  Prepare a 10 mM pH 7.0 phosphate buffer.Acceptance criteria:  90.0%–110.0% of the labeled amount [NOTE—Prepare by mixing 1 N sodium hydroxide, 1 M mono-of Powdered Extract calculated as pentacyclic oxindole basic potassium phosphate, and water (3:5:492), and adjustalkaloids to a pH of 7.0 ± 0.1 by adding more of either solution.]Tetracyclic oxindole alkaloids:   NMT 0.05%

Pentacyclic oxindole alkaloids:   NLT 0.3%
NMT 25% of the labeled amount of pentacyclic oxindole alka-
loids is found.
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Solution B:  Acetonitrile Calculate the content of total pentacyclic oxindole alkaloids
Solution C:  Methanol and glacial acetic acid (99:1) by adding the individual contents of speciophylline, un-
Mobile phase:  See the gradient table below. carine F, mitraphylline, isomitraphylline, pteropodine, and

isopteropodine.
Calculate the content of tetracyclic oxindole alkaloids by add-Time Solution A Solution B Solution C
ing the individual contents of rhynchophylline and(min) (%) (%) (%)
isorhynchophylline.

0 65 35 0 Acceptance criteria:  90.0%–110.0% of the labeled amount
17 65 35 0 of Powdered Extract calculated as pentacyclic oxindole
25 50 50 0 alkaloids
30 50 50 0 Tetracyclic oxindole alkaloids:  NMT 0.05%

Pentacyclic oxindole alkaloids:  NLT 0.3%. NMT 25% of the31 0 0 100
labeled amount of pentacyclic oxindole alkaloids is found.36 0 0 100

39 65 35 0 PERFORMANCE TESTS
49 65 35 0

Change to read:Standard solution A:  0.5 mg/mL of the labeled amount of
total oxindole alkaloids from USP Powdered Cat’s Claw Extract
RS in methanol. Shake for 1 min, then pass through a filter • DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTShaving a 0.45-µm or finer porosity. 〈2040〉:  Meet the requirements for disintegration of botanicalStandard solution B:  0.1 mg/mL of USP Isopteropodine RS in

dosage forms▲Disintegration▲USP34methanol. Pass through a nylon filter having a 0.45-µm or • WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet thefiner porosity.
requirementsSample solution:  Transfer the equivalent to 20 mg of the

labeled amount of pentacyclic oxindole alkaloids from pow- SPECIFIC TESTS
dered Tablets to a 50-mL centrifuge tube. Sonicate with 10 • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
mL of methanol for 10 min. Centrifuge, and transfer this solu- PLEMENTS 〈2021〉:  Meet the requirements of the tests for ab-
tion to a 50-mL volumetric flask. Repeat the above extraction sence of Salmonella species and Escherichia coli. The total aero-
three more times combining the extracts in the 50-mL volu- bic microbial count does not exceed 104 per g. The total
metric flask, and dilute with methanol to volume. Transfer 3 combined molds and yeasts count does not exceed 103 per g.
mL of the solution to a test tube containing 300 mg of poly-
amide powder, and shake for 1 min. Pass through a nylon ADDITIONAL REQUIREMENTS
filter having a 0.45 µm or finer porosity, and discard the first • PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-
part of the filtrate. [NOTE—Weigh NLT 20 Tablets, and pulver- tainers, and store at room temperature.
ize, using a mortar and pestle.] • LABELING:  The label states the Latin binomial and, following

Chromatographic system the official name, the article from which Tablets were pre-
(See Chromatography 〈621〉, System Suitability.) pared. The label also indicates the quantity of Powdered Ex-
Mode:  LC tract per Tablet, in mg. Label Tablets to indicate the content of
Detector:  UV 245 nm pentacyclic oxindole alkaloids per 100 mg of Powdered Ex-
Column:  4.6-mm × 10-cm; endcapped 3-µm packing L1 tract, in mg.
Flow rate:  0.75 mL/min • USP REFERENCE STANDARDS 〈11〉
Injection size:  10 µL USP Isopteropodine RS

System suitability USP Powdered Cat’s Claw Extract RS
Samples:  Standard solution A and Standard solution B
Suitability requirements
[NOTE—The chromatogram obtained using Standard solution
A is similar to the reference chromatogram provided with BRIEFING
the USP Powdered Cat’s Claw Extract RS.]
Tailing factor:  NMT 2.0 for the isopteropodine peak in
Standard solution B Black Cohosh Tablets,  USP 32 page 989. See the Briefing

Relative standard deviation:  NMT 2.0% under Arginine Capsules.
Analysis
Samples:  Standard solution A, Standard solution B, and Sam-
ple solution

(DS-PS: N. Davydova.) RTS—C82092Measure the areas of the analyte peaks. Identify the retention
times of the peaks corresponding to speciophylline, un-
carine F, mitraphylline, isomitraphylline, pteropodine, and
isopteropodine by comparison of the chromatogram of Black Cohosh TabletsStandard solution A with the reference chromatogram pro-
vided with the lot of the USP Powdered Cat’s Claw Extract

DEFINITIONRS used.
Black Cohosh Tablets contain Powdered Black Cohosh Extract orCalculate the percentage of each relevant alkaloid in the por-

Black Cohosh Fluidextract. Tablets contain NLT 90.0% andtion of Tablets taken:
NMT 110.0% of the labeled amount of Powdered Extract or

Result = (rU/rS) × (CS/CU) × 100 Fluidextract, represented by the content of triterpene glyco-
sides, calculated as 23-epi-26-deoxyactein (C37H56O10).

rU = peak response for each relevant alkaloid from
IDENTIFICATIONthe Sample solution
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉rS = peak response for isopteropodine from Standard

Adsorbent:  Chromatographic silica gel mixture with an aver-solution B
age particle size of 10–15 µm (TLC plates)CS = concentration of USP Isopteropodine RS in Stan-

Sample solution:  10 mL of the Sample solution prepared fordard solution B (mg/mL)
Identification test B. Evaporate to dryness, and redissolve in 1CU = nominal concentration of the Sample solution
mL of ethanol.(mg/mL)
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Standard solution A:  100 mg/mL of USP Powdered Black STRENGTH
Cohosh Extract RS in methanol • CONTENT OF TRITERPENE GLYCOSIDES

Standard solution B:  1 mg/mL each of USP Actein RS, USP Solution A:  Filtered and degassed 0.05% trifluoroacetic acid
23-epi-26-Deoxyactein RS, and isoferulic acid in methanol in water

Application volume:  10 µL Solution B:  Filtered and degassed acetonitrile
Developing solvent system:  Use the upper phase of a mix- Mobile phase:  See gradient table below.
ture of butyl alcohol, glacial acetic acid, and water (5:1:4)

Spray reagent:  Methanol, glacial acetic acid, sulfuric acid, Time Water Solution A Solution B
and p-anisaldehyde (85:10:5:0.5) (min) (%) (%) (%)
[NOTE—Store in a refrigerator. The reagent is colorless; dis-

0 0 80 20card if color appears.]
8 0 80 20Analytical wavelength:  365 nm

15 68 0 32Analysis
Samples:  Standard solution A, Standard solution B, and Sam- 55 36 0 64
ple solution 65 5 0 95
Develop the chromatograms until the solvent front has 70 5 0 95
moved 15 cm, and dry the plate with the aid of a current

85 0 80 20of air. Examine the plate under UV light.
Acceptance criteria:  The Sample solution exhibits main zones System suitability solution:  0.1 mg/mL each of USP Actein
similar in position and color to the main zones of Standard RS and USP 23-epi-26-Deoxyactein RS in methanol.
solution A. In the upper third of the plate, the Sample solution Standard solution:  Dissolve a quantity of USP Powdered
exhibits a blue fluorescent zone at the level of the zone due to Black Cohosh Extract RS in methanol with shaking for 1 min,
isoferulic acid in Standard solution B. Spray the plate with and dilute with methanol to obtain a solution having a known
Spray reagent, heat at 100° for 5 min, and examine in concentration of 30 mg/mL. Pass through a membrane filter
daylight. The Sample solution exhibits main zones similar in having a 0.45-µm or finer porosity.
position and color to the main zones in Standard solution A. 23-epi-26-Deoxyactein standard solutions:  Dissolve USP 23-
Standard solution B exhibits red-violet zones due to actein and epi-26-Deoxyactein RS in methanol with shaking for 1 min.
23-epi-26-deoxyactein. The Sample solution exhibits several Dilute quantitatively, and stepwise if necessary, to obtain solu-
greenish-brown spots in the lower third of the plate and sev- tions having known concentrations of 500, 100, 50, 25, and
eral violet zones above; two of these violet zones occur at RF 12.5 µg/mL. Pass through a membrane filter having a 0.45-
values similar to those due to actein and 23-epi-26-deoxy- µm or finer porosity.
actein in Standard solution B. Sample solution:  Weigh NLT 20 Tablets, and finely powder.

• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 Transfer a quantity of the powder, equivalent to 8 mg of
Adsorbent:  Chromatographic silica gel mixture with an aver- triterpene glycosides, to a suitable polytef-capped centrifuge
age particle size of 5 µm (HPTLC plates) tube. Add 3 mL of water, shake to disperse, and sonicate for

Sample solution:  Transfer the equivalent of the labeled 10 min at 60°. Add 3 mL of methanol, and sonicate for 10
amount of Powdered Extract or Fluidextract containing 25 mg min. Centrifuge, and transfer the clear supernatant to a 10-mL
of triterpene glycosides from a portion of powdered Tablets, volumetric flask. Wash the residue twice with 1.5 mL of a
to 25 mL of water, shake to disperse, and sonicate for 10 min. mixture of methanol and water (1:1), and transfer the wash-
Add 75 mL of methanol, and sonicate for 10 min. Allow to ings to the volumetric flask. Dilute with a mixture of methanol
stand for 15 min, and use the clear supernatant. and water (1:1) to volume, and pass through a membrane

Standard solution A:  Methanol and Standard solution A that filter having a 0.45-µm or finer porosity.
was prepared in Identification test A (1.5:0.5) Chromatographic system

Standard solution B:  Methanol and Standard solution B that (See Chromatography 〈621〉, System Suitability.)
was prepared in Identification test A (4:1) Mode:  LC

Application volume:  2 µL as an 8-mm band Detector:  Evaporative light-scattering detector
Developing solvent system:  Toluene, ethyl formate, and for- Column:  4.6-mm × 25-cm; 5-µm packing L1
mic acid (5:3:2) Column temperature:  35°

Spray reagent:  Methanol, glacial acetic acid, sulfuric acid, [NOTE—Detector is set up according to the manufacturer’s
and p-anisaldehyde (85:10:5:0.5) instruction in order to achieve a signal-to-noise ratio of NLT
[NOTE—Store in a refrigerator. The reagent is colorless; dis- 10 for the 12.5 µg/mL 23-epi-26-Deoxyactein standard
card if color appears.] solution.]

Analysis Flow rate:  1.6 mL/min
Samples:  Standard solution A, Standard solution B, and Sam- Injection size:  20 µL
ple solution System suitability
Develop the chromatograms until the solvent front has Samples:  System suitability solution and 100 µg/mL 23-epi-
moved two-thirds of the length of the plate, and dry the 26-Deoxyactein standard solution
plate with the aid of a current of air. Spray the plate with Suitability requirements
Spray reagent, heat at 100° for 5 min, and examine in Chromatographic profile:  Chromatogram of the Standard
daylight. solution is similar to the Reference Chromatogram provided

Acceptance criteria:  The Sample solution exhibits main zones with the lot of USP Powdered Black Cohosh Extract RS.
similar in position and color to the main zones in Standard Resolution:  NLT 1.0 between the (26S)-actein and the 23-
solution A. Standard solution B exhibits red-violet zones due to epi-26-deoxyactein peaks, System suitability solution
actein and 23-epi-26-deoxyactein at RF values of 0.5 and 0.4, Tailing factor:  NMT 2.0 for the 23-epi-26-deoxyactein
respectively. The Sample solution exhibits zones similar in color peak, 100 µg/mL 23-epi-26-Deoxyactein standard solution
and RF values to those due to actein and 23-epi-26-deoxy- Relative standard deviation:  NMT 2.0% for the loga-
actein in Standard solution B. rithm of the area responses for replicate injections, 100

• C.  The Sample solution exhibits peaks for cimiracemoside A, µg/mL 23-epi-26-Deoxyactein standard solution
26-deoxycimicifugoside, (26S) actein, 23-epi-26-deoxyactein, Analysis
cimigenol–arabinoside, and cimigenol–xyloside at retention Samples:  System suitability solution, Standard solution, 23-epi-
times corresponding to those compounds in the Standard solu- 26-Deoxyactein standard solutions, and Sample solution
tion, as obtained in the test for Content of triterpene glycosides. Using the chromatogram of the Standard solution and the
The ratio of the peak areas of cimigenol–arabinoside to Reference Chromatogram provided with the lot of USP Pow-
cimigenol–xyloside is NLT 0.4 (distinction from Cimicifuga dered Black Cohosh Extract RS, identify the retention times
foetida). of the peaks corresponding to the triterpene glycosides. The
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approximate relative retention times of the triterpene glyco- Powdered Extract or Fluidextract; the solvents used to prepare
sides are provided in the following table. the Powdered Extract or Fluidextract; and the ratio of starting

crude plant material to Powdered Extract or Fluidextract. Label
it to indicate the content, in percentage, of triterpene glyco-Relative

Compound sides as 23-epi-26-deoxyactein in the Powdered Extract orRetention Time
Fluidextract used to prepare the Tablets.

Cimicifugoside H-1 0.61 The label bears the following statement: Discontinue use and
Cimiracemoside A 0.78 consult a healthcare practitioner if you have a liver disorder
(26R)-Actein 0.94 or develop symptoms of liver trouble, such as abdominal
26-Deoxycimicifugoside 0.96 pain, dark urine, or jaundice.

• USP REFERENCE STANDARDS 〈11〉(26S)-Actein 0.98
USP Actein RS23-epi-26-Deoxyactein 1.00
USP Powdered Black Cohosh Extract RS

Acetyl-shengmanol–xyloside 1.03 USP 23-epi-26-Deoxyactein RS
Cimigenol–arabinoside 1.08
Cimigenol–xyloside (cimicifugoside) 1.13
26-Deoxyactein 1.22

BRIEFING25-Acetyl-cimigenol–arabinoside 1.60
(24S)-25-Acetyl-cimigenol–xyloside 1.64
25-O-Methyl-cimigenol–arabinoside 1.90

Fish Oil Containing Omega-3 Acids Capsules,  USP 32 page
25-O-Methyl-cimigenol–xyloside 1.93 1009—See briefing under Arginine Capsules.

Plot the logarithms of the peak area responses versus the
logarithms of the concentrations, in µg/mL, of the 23-epi-
26-Deoxyactein standard solutions, and determine the regres- (DS-PS: N. Davydova.) RTS—C82092
sion line using a least-squares analysis. The correlation coef-
ficient for the regression line is NLT 0.995. From the graphs
so obtained, determine the concentration, C, in µg/mL, of
the relevant analyte in the Sample solution. Fish Oil Containing Omega-3 Acids

Calculate the quantity, in mg, of triterpene glycosides in the Capsules
portion of Tablets taken:

DEFINITIONResult = CT/100
Fish Oil Containing Omega-3 Acids Capsules contain NLT 95.0%

and NMT 105.0% of the labeled amount of Fish Oil ContainingCT = sum of the concentrations C, in µg/mL, of all
Omega-3 Acids. The oil contained in Fish Oil Containingthe relevant triterpene glycosides, calculated as
Omega-3 Acids Capsules conforms to the definition for Fish Oil23-epi-26-deoxyactein.
Containing Omega-3 Acids.Calculate the percentage of label claim:

IDENTIFICATIONResult = (AWT/W) × (100/LE) × (100/L) × CTT • The oil contained in the Capsules meets the requirements for
the following test: The retention times of the peaks forAWT = average weight of the Tablets
eicosapentaenoic acid methyl ester and docosahexaenoic acidW = weight of sample
methyl ester obtained in the chromatogram of Sample solutionLE = labeled content, as percentage, of triterpenes in
B in the test for Content of EPA and DHA correspond to thosethe Extract used to prepare the Tablets
for the respective compounds in the chromatogram of Stan-L = labeled amount of Extract per Tablet
dard solution A. The sum of the area for EPA and DHA methylCTT = content, in mg, of triterpenes in the sample
esters is NLT 22% of the total detected area for the methylAcceptance criteria:  90.0%–110.0% of the labeled amount
esters, and no other peak in the chromatogram has an areaof Powdered Extract or Fluidextract, represented by the con-
higher than 20% of the total detected area for the methyltent of triterpene glycosides.
esters. The chromatogram of Sample solution B exhibits at least
15 additional peaks at the retention times of the methyl estersPERFORMANCE TESTS
of unsaturated fatty acids exhibited in the chromatogram of
Standard solution B.

Change to read:
OTHER COMPONENTS
• CONTENT OF FISH OIL:  Weigh NLT 10 Capsules in a tared• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS weighing bottle, carefully open the Capsules, without loss of〈2040〉:  Meet the requirements under Botanical Dosage shell material, and transfer the combined Capsule contents to

Forms.  ▲for Disintegration▲USP34 a 100-mL beaker. Remove any adhering substance from the• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the emptied Capsules by washing with several small portions of
requirements 2,2,4-trimethylpentane. Discard the washings, and allow the

empty Capsules to dry in a current of dry air until the 2,2,4-SPECIFIC TESTS
trimethylpentane is completely evaporated. Weigh the empty• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
Capsules in the original tared weighing bottle, and calculatePLEMENTS 〈2021〉:  Tablets meet the requirements of the tests
the average net weight/Capsule.for absence of Salmonella species and Escherichia coli. The total

• CONTENT OF EPA AND DHAbacterial count does not exceed 104 cfu/g, and the total com-
Solution A:  0.05 mg/mL of butylated hydroxytoluene, inbined molds and yeasts count does not exceed 103 cfu/g.
hexanes

Internal standard solution:  7.0 mg/mL of USP MethylADDITIONAL REQUIREMENTS
Tricosanoate RS, in Solution A. [NOTE—Guard the solution• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-
against evaporation during usage.]tainers, and store at room temperature.

Standard stock solution A:  10 mg/mL each of USP• LABELING:  The label states the Latin binomial and, following
Docosahexaenoic Acid Ethyl Ester RS and USP Eicosapentae-the official name, the article from which the Tablets were pre-
noic Acid Ethyl Ester RS, in Internal standard solutionpared. The label also indicates the amount, in mg/Tablet, of
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Standard stock solution B:  30 mg/mL of USP Fish Oil RS, in Analysis
Internal standard solution Samples:  Standard solution A, Standard solution B, Sample so-

Standard solution A:  Transfer 2.0 mL of Standard stock solu- lution A, and Sample solution B
tion A to a glass tube, and evaporate the solvent with a gentle Identify the retention times of the relevant fatty acid methyl
stream of nitrogen. Add 1.5 mL of a 2% (w/v) solution of esters by comparison of the chromatogram of Standard solu-
sodium hydroxide in methanol, cap tightly with a polytetraflu- tion B with the reference chromatogram supplied with the
oroethylene-lined cap, and heat in a boiling water bath for 7 USP Fish Oil RS. Identify the retention time for the internal
min. Cool, add 2 mL of boron trichloride–methanol solution standard peak by comparing the chromatograms for Sample
(0.12 mg/mL in methanol), cover with nitrogen, cap tightly, solution A and Sample solution B.
and heat in a boiling water bath for 30 min. Cool to 40°–50°, Calculate the percentage of EPA or DHA in the Capsules
add 1 mL of 2,2,4-trimethylpentane, cap, and mix on a vortex taken:
mixer or shake vigorously for at least 30 s. Immediately add 5

Result = F × (C/W) × (rU/RS) × 100mL of saturated sodium chloride solution containing 1 volume
of sodium chloride and 2 volumes of water. [NOTE—Shake

F = factor to express the content of DHA (F = 0.921)from time to time. Before use, decant the solution from any
and EPA (F = 0.915) as free fatty acidsundissolved substance, and filter if necessary.] Cover with ni-

C = concentration of either DHA or EPA in Standardtrogen, cap, and mix on a vortex mixer or shake thoroughly
solution A (mg/mL)for at least 15 s. Allow the upper layer to become clear, and

W = weight of the fish oil containing omega-3 acidstransfer to a separate tube. Shake the methanol layer once
taken to prepare the Sample stock solution (mg)more with 1 mL of 2,2,4-trimethylpentane, and combine the

RS = ratio of peak responses of either EPA or DHA2,2,4-trimethylpentane extracts. Wash the combined extracts
relative to the internal standard in the chro-with two quantities, each of 1 mL of water, and dry over
matogram of Standard solution Aanhydrous sodium sulfate.

rU = corrected peak response of either EPA or DHAStandard solution B:  Proceed as directed for Standard solu-
relative to the internal standard in the chro-tion A, except to use Standard stock solution B.
matogram of Sample solution B calculated asSample stock solution:  30 mg/mL of fish oil containing
follows:omega-3 acids from Capsules, in Solution A

Sample solution A:  Proceed as directed for Standard solution
Result = [(rU2/rT2) − (rU1/rT1)] × rT2A, except to use the Sample stock solution.

Sample solution B:  Transfer 2.0 mL of the Internal standard rU2 = peak response of any peak at the locus of thesolution into a glass tube. Then proceed as directed for Sample internal standard in the chromatogram of Sam-solution A. ple solution BChromatographic system rT2 = peak response of EPA or DHA in the chromato-(See Chromatography 〈621〉, System Suitability.) gram of Sample solution BMode:  GC rU1 = peak response of any peak at the locus of theDetector:  Flame ionization internal standard in the chromatogram of Sam-Column:  0.25-mm × 25-m fused silica capillary column; ple solution Acoated with a 0.2-µm film of G16 rT1 = peak response of EPA or DHA in the chromato-Temperature gram of Sample solution ADetector:  270° Acceptance criteria:  NLT 13.0% of EPA and NLT 9.0% ofInjector:  250° DHAColumn:  See the temperature program table below. • CONTENT OF TOTAL OMEGA-3 ACIDS
Solution A, Internal standard solution, Standard stock solu-

Hold Time at tion A, Standard stock solution B, Standard solution A,
Initial Temperature Final Final Standard solution B, Sample stock solution, Sample solu-

Temperature Ramp Temperature Temperature tion A, Sample solution B, and Chromatographic system:
(°) (°/min) (°) (min) Proceed as directed in the test for Content of EPA and DHA.
170 0 170 2 Analysis:  Proceed as directed in the test for Content of EPA

and DHA, except to calculate the content of the total omega-3170 3 240 2.5
acids:

Carrier gas:  Helium
Result = EPA + DHA + [An−3(EPA + DHA)]/(AEPA + ADHA)Split flow ratio:  1:200

[NOTE—If splitless injection mode is used, solutions should be
EPA = content of EPA from the test for Content of EPAfurther diluted 1 in 200.]

and DHA (mg/g)Flow rate:  1 mL/min
DHA = content of DHA from test for Content of EPA andInjection size:  1 µL (duplicate equal volumes)

DHA (mg/g)System suitability
An-3 = sum of the areas of the peaks corresponding toSamples:  Standard stock solution A, Standard solution A, and

C18:3 n-3, C18:4 n-3, C20:4 n-3, C21:5 n-3,Standard solution B
and C22:5 n-3 methyl esters in the chromato-Suitability requirements
gram of Sample solution BResolution:  NLT 1.3 between the peaks due to methyl

AEPA = area of the peak corresponding to the EPA meth-oleate and methyl cis-vaccinate, Standard solution B
yl ester in the chromatogram of Sample solution[NOTE—The number of fatty acid methyl ester peaks exceed-
Bing 0.05% of the total area in the chromatogram of Stan-

ADHA = area of the peak corresponding to the DHAdard solution B is at least 24, and the 24 largest peaks of the
methyl ester in the chromatogram of Samplemethyl esters account for more than 90% of the total area.
solution B(These correspond, in common elution order, to: 14:0,

Acceptance criteria:  95.0%–105.0% of the labeled amount15:0, 16:0, 16:1 n-7, 16:4 n-1, 18:0, 18:1 n-9, 18:1 n-7,
of fish oil containing omega-3 acids18:2 n-6, 18:3 n-3, 18:4 n-3, 20:1 n-11, 20:1 n-9, 20:1 n-7,

20:2 n-6, 20:4 n-6, 20:3 n-3, 20:4 n-3, 20:5 n-3, 22:1 n-11,
PERFORMANCE TESTS22:1 n-9, 21:5 n-3, 22:5 n-3, 22:6 n-3.)] • WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet theDerivatization efficiency:  NLT 90.0% for each (DHA and

requirementsEPA) for the conversion of fatty acid ethyl ester to the fatty
acid methyl ester, Standard stock solution A and Standard
solution A

2010 The United States Pharmacopeial Convention All Rights Reserved.

In-Process Revision



Pharmacopeial Forum
154 IN-PROCESS REVISION Vol. 36(1) [Jan.–Feb. 2010]

Analysis:  Program the graphite furnace as follows. Dry atChange to read:
115°, using a 1-s ramp, a 65-s hold, and an argon flow of
300 mL/min. Char the sample at 1000°, using a 1-s ramp, a

• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS 20-s hold, and an airflow of 300 mL/min. Cool down, and
〈2040〉:  Proceed as directed in the chapter under Rupture Test purge the air from the furnace for 10 s, using a 20° set
for Soft Shell Capsules: meet the requirements▲Meet the re- temperature and an argon flow of 300 mL/min. Atomize at
quirements for Rupture Test for Soft Shell Capsules▲USP34 2400°, using a 0-s ramp and a 5-s hold with the argon flow

stopped. Clean out at 2600° with a 1-s ramp and a 5-s hold.
IMPURITIES Separately inject equal volumes (20 µL) of the Standard solu-
Inorganic Impurities tions, the Sample solution, and the Blank, followed by an in-
• LIMIT OF ARSENIC jection of 5 µL of Solution C for each of the samples, into the

[NOTE—For the preparation of all aqueous solutions and for graphite tube of a suitable graphite furnace atomic absorp-
the rinsing of glass, polytef, and plastic vessels before use, tion spectrometer equipped with a hollow-cathode lamp for
employ water that has been passed through a strong-acid, arsenic. Determine the peak area at the arsenic emission line
strong-base, mixed-bed ion-exchange resin before use. Select at 193.7 nm, corrected for background absorption. Plot the
all reagents to have as low a content of arsenic as practica- corrected peak areas of the Standard solutions versus their
ble, and store all reagent solutions in containers of borosili- contents of arsenic, in µg/mL, and calculate the regression
cate glass. Cleanse glass, polytef, and plastic vessels before line best fitting the points. Determine the concentration, C,
use by soaking in warm 8 N nitric acid for 30 min and by in µg/mL, of arsenic in each mL of the Sample solution by
rinsing with deionized water.] interpolation from the regression line.

Solution A:  Transfer 1 g of ultrapure palladium metal into a Calculate the content of arsenic in the portion of fish oil
Teflon beaker. Add 20 mL of water and 10 mL of nitric acid, containing omega-3 acids taken:
and warm on a hot plate to dissolve. Allow the solution to
cool to room temperature, transfer it into a 100-mL volumet- Result = 25 × (C/W)
ric flask, and dilute with deionized water to volume.

Solution B:  Transfer 1 g of ultrapure magnesium nitrate into C = concentration, as obtained above
a Teflon beaker. Add 40 mL of water and 1 mL of nitric acid, W = weight of fish oil containing omega-3 acids tak-
and warm on a hot plate to dissolve the solids. Allow the en to prepare the Sample solution (g)
solution to cool to room temperature, transfer it into a 100- Acceptance criteria:  NMT 0.1 µg/g
mL volumetric flask, and dilute with deionized water to • LIMIT OF LEAD
volume. [NOTE—For the preparation of all aqueous solutions and for

Solution C:  Solution A, Solution B, and 2% nitric acid (3:2:5). the rinsing of glass, polytef, and plastic vessels before use,
A volume of 5 µL provides 0.015 mg of palladium and 0.01 employ water that has been passed through a strong-acid,
mg of magnesium nitrate. strong-base, mixed-bed ion-exchange resin before use. Select

Blank:  Nitric acid and water (1:19) all reagents to have as low a content of lead as practicable,
Standard stock solution:  Transfer 10.0 mL of Standard Arse- and store all reagent solutions in containers of borosilicate
nic Solution, prepared as directed in Arsenic 〈211〉, to a 100- glass. Cleanse glass, polytef, and plastic vessels before use by
mL volumetric flask, add 40 mL of water and 5 mL of nitric soaking in warm 8 N nitric acid for 30 min and by rinsing
acid, and dilute with water to volume. This solution contains with deionized water.]
0.10 µg/mL of arsenic. Solution A:  10 g of ultrapure monobasic ammonium phos-

Standard solutions:  Dilute the Standard stock solution with phate in 1 mL of nitric acid and 40 mL of water to dissolve
the Blank to obtain concentrations of 0.002, 0.005, 0.010, the phosphate. Dilute with deionized water to 100 mL.
0.025, and 0.050 µg/mL of arsenic. Solution B:  Transfer 1 g of ultrapure magnesium nitrate to a

Sample solution:  For preparation of the Sample solution, use Teflon beaker. Add 40 mL of water and 1 mL of nitric acid,
a microwave oven with a magnetron frequency of 2455 MHz and warm on a hot plate to dissolve the solids. Allow the
and a selectable output power of 0–950 watts in 1% incre- solution to cool to room temperature, transfer it to a 100-mL
ments, equipped with advanced composite vessels with 100- volumetric flask, and dilute with deionized water to volume.
mL polytef liners. Use rupture membranes to vent vessels Solution C:  Solution A, Solution B, and 2% nitric acid (2:1:2).
should the pressure exceed 125 psi. The vessels fit into a A volume of 5 µL provides 0.2 mg of phosphate plus 0.01
turntable, and each vessel can be vented into an overflow mg of magnesium nitrate.
container. Equip the microwave oven with an exhaust tube Blank:  Nitric acid and water (1:19)
to ventilate fumes. [CAUTION—Wear proper eye protection Standard stock solution:  Transfer 10.0 mL of Lead Nitrate
and protective clothing and gloves.] Transfer approximately Stock Solution, prepared as directed in Heavy Metals 〈231〉, to
500 mg of fish oil containing omega-3 acids, weighed to the a 100-mL volumetric flask, add 40 mL of water and 5 mL of
nearest 0.1 mg, into a Teflon digestion vessel liner. Prepare nitric acid, and dilute with water to volume. Transfer 1.0 mL
samples in duplicate. Add 15 mL of nitric acid, and swirl of this solution to a second 100-mL volumetric flask, add 50
gently. Cover the vessels with lids, leaving the vent fitting mL of water and 1 mL of nitric acid, and dilute with water to
off. Predigest overnight under a hood. Place the rupture volume. This solution contains 0.10 µg/mL of lead.
membrane in the vent fitting, and tighten the lid. Place all Standard solutions:  Dilute the Standard stock solution with
vessels on the microwave oven turntable. Connect the vent the Blank to obtain concentrations of 0.002, 0.005, 0.010,
tubes to the vent trap, and connect the pressure-sensing line 0.025, and 0.050 µg/mL of lead.
to the appropriate vessel. Initiate a two-stage digestion pro- Sample solution:  Prepare as directed for Sample solution in
cedure by heating the microwave at 15% power for 15 min, the test for Limit of Arsenic.
followed by 25% power for 45 min. Remove the turntable of Analysis:  Program the graphite furnace as follows. Dry at
vessels from the oven, and allow the vessels to cool to room 120°, using a 1-s ramp, a 55-s hold, and an argon flow of
temperature. [NOTE—A cool water bath may be used to 300 mL/min. Char the sample at 850°, using a 1-s ramp, a
speed the cooling process.] Vent the vessels when they reach 30-s hold, and an airflow of 300 mL/min. Cool down, and
room temperature. Remove the lids, and slowly add 2 mL of purge the air from the furnace for 10 s, using a 20° set
30% hydrogen peroxide to each. Allow the reactions to sub- temperature and an argon flow of 300 mL/min. Atomize at
side, and seal the vessels. Return the vessels on the turntable 2100°, using a 0-s ramp and a 5-s hold with the argon flow
to the microwave oven, and heat for an additional 15 min at stopped. Clean out at 2600° with a 1-s ramp and a 5-s hold.
30% power. Remove the vessels from the oven, and allow Separately inject equal volumes (20 µL) of the Standard solu-
them to cool to room temperature. Transfer the cooled di- tions, the Sample solution, and the Blank, followed by an in-
gests into 25-mL volumetric flasks, and dilute with water to jection of 5 µL of Solution C for each of the samples, into the
volume.
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graphite tube of a suitable graphite furnace atomic absorp- C = concentration, as obtained above
tion spectrometer equipped with a hollow-cathode lamp for W = weight of fish oil containing omega-3 acids tak-
lead. Determine the peak area at the lead emission line at en to prepare the Sample solution (g)
283.3 nm, corrected for background absorption. Plot the cor- Acceptance criteria:  NMT 0.1 µg/g
rected peak areas of the Standard solutions versus their con- • LIMIT OF MERCURY:  Proceed as directed for Mercury 〈261〉,
tents of lead, in µg/mL, and calculate the regression line best Method IIa, except to use a Standard Mercury Solution having
fitting the points. Determine the concentration, C, in µg/mL, the equivalent of 0.1 µg/mL of mercury.
of lead in each mL of the Sample solution by interpolation Sample solution:  Prepare as directed for the Sample solution
from the regression line. in the test for Limit of Arsenic combining the 2 duplicate
Calculate the content of lead in the portion of fish oil con- cooled digests into 1.0 mL of Potassium Permanganate
taining omega-3 acids taken: Solution.

Acceptance criteria:  NMT 0.1 µg/g
Result = 25 × (C/W) Organic Impurities

• PROCEDURE: LIMIT OF DIOXINS, FURANS, AND POLYCHLORINATED BI-
C = concentration, as obtained above PHENYLS (PCBS):  Determine the content of polychlorinated
W = weight of fish oil containing omega-3 acids tak- dibenzo-para-dioxins (PCDDs) and polychlorinated

en to prepare the Sample solution (g) dibenzofurans (PCDFs) by method No. 1613 revision B of the
Acceptance criteria:  NMT 0.1 µg/g Environmental Protection Agency. Determine the content of

• LIMIT OF CADMIUM polychlorinated biphenyls (PCBs) by method No. 1668 revi-
[NOTE—For the preparation of all aqueous solutions and for sion A of the Environmental Protection Agency. The sum of
the rinsing of glass, polytef, and plastic vessels before use, PCDDs and PCDFs is NMT 2.0 pg/g of WHO toxic
employ water that has been passed through a strong-acid, equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs
strong-base, mixed-bed ion-exchange resin before use. Select (polychlorinated biphenyls, non-ortho IUPAC congeners PCB-
all reagents to have as low a content of cadmium as practica- 77, PCB-81, PCB-126, and PCB-169, and mono-ortho IUPAC
ble, and store all reagent solutions in containers of borosili- congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB-156,
cate glass. Cleanse glass, polytef, and plastic vessels before PCB-157, PCB-167, and PCB-189) is NMT 10.0 pg/g of WHO
use by soaking in warm 8 N nitric acid for 30 min and by toxic equivalents.
rinsing with deionized water.]

Solution A:  10 g of ultrapure monobasic ammonium phos- SPECIFIC TESTS
phate in 40 mL of water and 1 mL of nitric acid to dissolve • FATS AND FIXED OILS, Acid Value 〈401〉:  NMT 3
the phosphate. Dilute with deionized water to 100 mL. • FATS AND FIXED OILS, Anisidine Value 〈401〉:  NMT 20.0

Solution B:  Transfer 1 g of ultrapure magnesium nitrate to a • FATS AND FIXED OILS, Peroxide Value 〈401〉:  NMT 5.0
Teflon beaker. Add 40 mL of water and 1 mL of nitric acid, • FATS AND FIXED OILS, Total Oxidation Value (TOTOX) 〈401〉:
and warm on a hot plate to dissolve the solids. Allow the NMT 26, calculated:
solution to cool to room temperature, transfer it to a 100-mL

(2 × PV) + AVvolumetric flask, and dilute with deionized water to volume.
Solution C:  Solution A, Solution B, and 2% nitric acid to vol-

PV = the peroxide valueume (2:1:2). A volume of 5 µL provides 0.2 mg of phosphate
AV = the anisidine valueand 0.01 mg of magnesium nitrate.

• FATS AND FIXED OILS, Unsaponifiable Matter 〈〈 401〉:  NMTBlank:  Nitric acid and water (1:19)
1.5%Standard stock solution A:  0.1372 mg/mL of cadmium

• STEARIN:  10 mL remains clear after cooling at 0° for 3 h.nitrate
• ABSORBANCEStandard stock solution B:  Standard stock solution A, nitric

Sample solution:  0.24 mg/mL in isooctaneacid, and water (2:1:97). This solution contains 0.10 µg/mL
Acceptance criteria:  The absorbance is NMT 0.70, deter-of cadmium. [NOTE—Before make up to final volume dissolve
mined at 233 nm.in a portion of water and nitric acid.]

• OTHER REQUIREMENTS:  The contents of the Capsules meet theStandard solutions:  Dilute Standard stock solution B with the
requirements of the following tests.Blank to obtain concentrations of 0.002, 0.005, 0.010, 0.025,

and 0.050 µg/mL of cadmium. ADDITIONAL REQUIREMENTSSample solution:  Prepare as directed for Sample solution in • PACKAGING AND STORAGE:  Preserve in tight containers, andthe test for Limit of Arsenic. store at room temperature. Protect from light.Analysis:  Program the graphite furnace as follows. Dry at • LABELING:  The label states the amount of docosahexaenoic120°, using a 1-s ramp, a 55-s hold, and an argon flow of acid (DHA) and eicosapentaenoic acid (EPA) in mg/Capsule.300 mL/min. Char the sample at 850°, using a 1-s ramp, a • USP REFERENCE STANDARDS 〈11〉30-s hold, and an airflow of 300 mL/min. Cool down, and USP Docosahexaenoic Acid Ethyl Ester RSpurge the air from the furnace for 10 s, using a 20° set USP Eicosapentaenoic Acid Ethyl Ester RStemperature and an argon flow of 300 mL/min. Atomize at USP Fish Oil RS2400°, using a 0-s ramp and a 5-s hold with the argon flow USP Methyl Tricosanoate RSstopped. Clean out at 2600° with a 1-s ramp and a 5-s hold.
Separately inject equal volumes (20 µL) of the Standard solu-
tions, the Sample solution, and the Blank, followed by an in-
jection of 5 µL of Solution C for each of the samples, into the BRIEFINGgraphite tube of a suitable graphite furnace atomic absorp-
tion spectrometer equipped with a hollow-cathode lamp for
cadmium. Determine the peak area at the cadmium emission

Ginger Capsules,  USP 32 page 1016—See briefing under Argi-line at 228.8 nm, corrected for background absorption. Plot
nine Capsules.the corrected peak areas of the Standard solutions versus their

contents of cadmium, in µg/mL, and calculate the regression
line best fitting the points. Determine the concentration, C,
in µg/mL, of cadmium in each mL of the Sample solution by (DS-PS: N. Davydova.) RTS—C82092
interpolation from the regression line. Calculate the content
of cadmium in the fish oil containing omega-3 acids taken:

Result = 25 × (C/W)
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Time Solution A Solution BGinger Capsules
(min)  (%) (%)

10 0 100DEFINITION
2 100 0Ginger Capsules are prepared from Powdered Ginger and contain

NLT 90.0% and NMT 110.0% of the labeled amount of ginger- 15 100 0
ols, gingerdiones, and shogaols, and NLT 90.0% of the labeled

Standard solution:  0.1 mg/mL of USP Capsaicin RS inamount of volatile oil.
methanol

IDENTIFICATION Sample solution:  Mix and finely powder the contents of NLT
• A. PROCEDURE 20 Capsules, and transfer an amount equivalent to 2.0 g of

Analysis:  To 1 g of the content of Capsules add 5 mL of powdered ginger to a glass-stoppered conical flask. Add 50
dilute acetic acid, prepared by diluting 1 part of glacial acetic mL of alcohol, insert a stopper into the flask, and macerate for
acid with 1 part of water, and shake for 15 min. Filter, and 24 h, shaking frequently during the first 8 h, and then al-
add a few drops of ammonium oxalate TS to the filtrate. lowing to stand for 18 h. Filter, and use the filtrate.

Acceptance criteria:  NMT a slight turbidity is produced. System suitability solution:  Reconstitute the content of 1 vial
• B. PROCEDURE of USP Ginger Constituent Mixture RS in 1 mL of the Standard

Analysis:  Transfer about 4 g of content of Capsules, weighed, solution.
to a glass-stoppered conical flask. Add 100 mL of alcohol, in- Chromatographic system
sert a stopper into the flask, and macerate for 24 h, shaking (See Chromatography 〈621〉, System Suitability.)
frequently during the first 8 h and then allowing to stand for Mode:  LC
18 h. Filter rapidly, taking precautions against loss of alcohol. Detector:  UV 282 nm
Evaporate 50 mL of the filtrate at a temperature not exceed- Column:  4.6-mm × 25-cm; packing L1
ing 90°. Dissolve about 50 mg of the residue obtained in 25 Flow rate:  1 mL/min
mL of water, and extract this solution with two 15-mL por- Injection size:  25 µL
tions of ether. Combine the ether extracts, and evaporate in a System suitability
porcelain dish. To the residue so obtained add 5 mL of sulfuric Samples:  Standard solution and System suitability solution
acid solution (7.5 in 10.0) and about 5 mg of vanillin. Allow [NOTE—The relative retention times for 6-gingerol, capsaicin,
to stand for 15 min, and add an equal volume of water. and 6-shogaol are about 0.8, 1.0, and 1.9, respectively, Sys-

Acceptance criteria:  The solution turns azure blue. tem suitability solution.]
• C. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 Suitability requirements

Adsorbent:  0.50-mm layer of chromatographic silica gel Resolution:  NLT 3.0 between the 6-gingerol and the cap-
mixture saicin peaks; and NLT 10.0 between the capsaicin and 6-

Sample solution:  Pulverize 5 g of ginger from a quantity of shogaol peaks, System suitability solution
Capsules. Transfer 0.2 g of the pulverized ginger to a test Tailing factors:  NMT 2.0 for the 6-gingerol, the capsaicin,
tube, add 5 mL of methanol, shake for 30 min, and centri- and the 6-shogaol peaks, System suitability solution
fuge. Apply the supernatant to the plate. Relative standard deviation:  NMT 2.5%, Standard

Standard solution A:  Proceed as directed for the Sample solu- solution
tion, except to use 0.2 g of USP Powdered Ginger RS. Analysis

Standard solution B:  Use the System suitability solution, pre- Samples:  Standard solution, Sample solution, and System suit-
pared as directed in the test for Content of Gingerols, Ginger- ability solution
diones, and Shogaols. Calculate the sum of the peak responses due to gingerols

Application volume:  20 µL for the Sample solution and Stan- and gingerdiones, occurring at about the following reten-
dard solution A; 40 µL for Standard solution B tion times, relative to 1.0 for capsaicin: 0.8 for 6-gingerol,

Developing solvent system:  Ether and hexanes (7:3) 1.5 for 8-gingerol A, 2.2 for 8-gingerol B, 2.5 for 6-
Spray reagent:  10% sulfuric acid in alcohol gingerdiol, 2.6 for 6-gingerdione, 3.4 for 10-gingerol, and
Analysis 5.2 for 8-gingerdione. Calculate the percentages of ginger-
Samples:  Sample solution, Standard solution A, and Standard ols, gingerdiones, and shogaols in the portion of the Cap-
solution B sules taken:
Proceed as directed in the chapter. Examine the plate under
UV light at 254 nm. Spray the plate with Spray reagent, Result = (rT/rS) × (CS/CU) × 100
heat between 100° and 105° for 10 min, and examine

rT = sum of the peak responses for gingerols, ginger-under daylight.
diones, and shogaols from the Sample solutionAcceptance criteria:  The chromatogram of the Sample solu-

rS = capsaicin peak response from the Standard solu-tion exhibits a spot due to gingerols that occurs at an RF value
tionof 0.2. A spot of shogaols may occur at an RF value of 0.4,

CS = concentration of USP Capsaicin RS in the Stan-corresponding to those shown in the chromatogram from
dard solution (mg/mL)Standard solution B.

CU = nominal concentration of the Sample solution[NOTE—The chromatograms of the Sample solution and Stan-
Calculate the amount (G0), in mg, of 6-gingerol in each Cap-dard solution A may exhibit other spots in the upper region
sule taken:and at the origin of the plate.]

STRENGTH G0= 50 × CS/W × (rU/rS) × A
• CONTENT OF GINGEROLS, GINGERDIONES, AND SHOGAOLS

W = weight of powdered ginger used in the prepara-Solution A:  Acetonitrile, dilute phosphoric acid (1 in 1000),
tion of the Sample solution (g)and methanol (55:44:1)

A = average Capsule fill weight (g)Solution B:  Acetonitrile
Acceptance criteria:  90.0%–110.0%Mobile phase:  See the gradient table below.

PERFORMANCE TESTS
Time Solution A Solution B
(min)  (%) (%)

Change to read:NLT seven times
the retention of capsaicin 100 0

2 0 100 • DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS
〈2040〉:  ▲Meet the requirements for Dissolution▲USP34
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Medium:  0.1 N hydrochloric acid; 500 mL G0 = content of 6-gingerol in each Capsule, as deter-
Apparatus 2:  75 rpm mined in the test for Content of Gingerols,
Time:  60 min Gingerdiones, and Shogaols (mg)

[NOTE—In each dissolution vessel, place a number of Cap- Tolerances:  NLT 60% of the content of 6-gingerol (C17H26O4)
sules equivalent to 20 mg of the labeled amounts of ginger- is dissolved.
ols, gingerdiones, and shogaols.] • WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the

Solution A:  Acetonitrile, dilute phosphoric acid (1 in 1000), requirements
and methanol (55:44:1)

SPECIFIC TESTSSolution B:  Acetonitrile
• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination 〈561〉Mobile phase:  See the gradient table below.

Sample:  Finely powder a quantity of Capsules equivalent to
100 g of powdered ginger.

Time Solution A Solution B Acceptance criteria:  NLT 1.4 mL/100 g is found (NLT 90.0%
(min) (%)  (%) of the labeled amount of volatile oil).

NLT seven times
the retention of capsaicin 100 0 ADDITIONAL REQUIREMENTS

• PACKAGING AND STORAGE:  Preserve in well-closed containers,2 0 100
and store at controlled room temperature.10 0 100

• LABELING:  The label states the Latin binomial and, following2 100 0 the official name, the part of the plant from which the article
15 100 0 was prepared. The label also indicates the content of ginger-

ols, gingerdiones, and shogaols, in mg/Capsule, and the con-Standard stock solution:  Use the Standard solution prepared tent of volatile oil, in µL/Capsule.in the test for Content of Gingerols, Gingerdiones, and Shogaols. • USP REFERENCE STANDARDS 〈11〉Standard solution:  0.025 mg/mL of USP Capsaicin RS from USP Capsaicin RSStandard stock solution in Medium USP Ginger Constituent Mixture RSSystem suitability solution:  Use the System suitability solution USP Powdered Ginger RSprepared as directed in the test for Content of Gingerols,
Gingerdiones, and Shogaols.

Sample solution:  Transfer an aliquot of solution from each
dissolution vial to a suitable vial. Allow to stand for 5 min so BRIEFINGthe powder settles into the suspension, or centrifuge to obtain
a clear supernatant. Pass through a membrane filter having a
0.45-µm or finer porosity.

American Ginseng Capsules,  USP 32 page 1024. See briefingChromatographic system
under Arginine Capsules.(See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Detector:  UV 282 nm
Column:  4.6-mm × 25-cm; packing L1 (DS-PS: N. Davydova.) RTS—C82092
Flow rate:  1 mL/min
Injection size:  20 µL

System suitability
Samples:  Standard stock solution and System suitability American Ginseng Capsules
solution
[NOTE—The relative retention times for 6-gingerol, capsaicin, DEFINITION
and 6-shogaol are about 0.8, 1.0, and 1.9, respectively, Sys- American Ginseng Capsules contain Powdered American Ginseng
tem suitability solution.] Extract. Capsules contain NLT 90.0% and NMT 110.0% of the

Suitability requirements labeled amount of Extract, calculated as the sum of ginseno-
Resolution:  NLT 3.0 between the 6-gingerol and the cap- sides Rg1, Re, Rb1, Rc, Rb2, and Rd.
saicin peaks; and NLT 10.0 between the capsaicin and 6-
shogaol peaks, System suitability solution IDENTIFICATION

Tailing factors:  NMT 2.0 for the 6-gingerol, the capsaicin, • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
and the 6-shogaol peaks, System suitability solution Sample solution

Relative standard deviation:  NMT 2.5%, Standard stock Soft-shell gelatin capsules:  Transfer an equivalent to 100
solution mg of Extract, from a portion of the contents of the Cap-

Analysis sules, to a separatory funnel containing 30 mL of a solution
Samples:  Standard solution and Sample solution consisting of a mixture of hexanes, methanol, and water
[NOTE—Allow the Sample solution to elute for NLT three times (20:15:10). Dissolve in this mixture, and collect the lower
the retention time of capsaicin.] layer. Wash the upper layer with three 15-mL portions of a

Calculate the quantity, G, in mg, of 6-gingerol dissolved mixture of methanol and water (15:10), and combine the
from each Capsule taken: washings with the lower layer. Evaporate to dryness under

vacuum at 45°–50°. Dissolve the residue in 5 mL of
G = F × (C/N) × (rU/rS) methanol.

Hard-shell gelatin capsules:  Transfer an equivalent to 100
F = volume of Medium used, 500 mL mg of Extract, from a portion of the contents of the Cap-
C = concentration of USP Capsaicin RS in the Stan- sules, to a conical flask. Extract at 55° with three 20-mL por-

dard solution (mg/mL) tions of a mixture of methanol and water (2:8). Evaporate
N = number of Capsules in each vessel the combined extracts to dryness under vacuum at 45°–50°.
rU = peak response for 6-gingerol from the Sample Dissolve the residue in 5 mL of methanol.

solution Standard solution A:  20 mg/mL of USP Powdered American
rS = peak response for capsaicin from the Standard Ginseng Extract RS in methanol

solution Standard solution B:  20 mg/mL of USP Powdered Asian Gin-
Calculate the percentage of the relative amount of 6-gingerol seng Extract RS in methanol
dissolved:

Result = (G/G0) × 100
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Application volume:  20 µL shaker. Transfer 15.0 mL of the obtained emulsion to a cen-
Developing solvent system A:  Chloroform, methanol, and trifuge tube with a stopper, add 800 mg of sodium chloride,
water (13:7:2). [NOTE—Use the lower phase.] shake for 30 s, and centrifuge to obtain a clear upper phase.

Developing solvent system B:  Butyl alcohol, ethyl acetate, Dilute 1.0 mL of the upper phase with 4 mL of water in a
and water (4:1:5). [NOTE—Use the upper phase.] suitable tube, and transfer the solution to a column contain-

Spray reagent:  Dissolve 0.5 mL of anisaldehyde in 10 mL of ing 360 mg of packing L2 that has been previously treated
glacial acetic acid, add 85 mL of methanol, mix, and carefully with 3.0 mL of methanol followed by 8.0 mL of water.
add 5 mL of sulfuric acid. [NOTE—Elute slowly, not faster than 1 drop/s, in all elution

Analysis steps. Do not use vacuum.] Rinse the tube with 5 mL of
Samples:  Standard solution A, Standard solution B, and Sam- water, transfer to the column taking the precaution of slow
ple solution elution, and discard the eluate. Repeat the elution with 5 mL
Proceed as directed in the chapter. Develop the chro- of a mixture of methanol and water (4:6), and discard the
matograms in a chamber containing Developing solvent sys- eluate. Elute the ginsenosides with 5.0 mL of methanol.
tem A until the solvent front has moved 10.5 cm from the Evaporate the solution under a stream of nitrogen at 40° (50
origin. Remove the plates from the chromatographic cham- min), and dissolve the residue with 1.0 mL of a solution of
ber, and allow to dry. Turn the plates 90°, and develop in a acetonitrile and water (1:4).
chamber containing Developing solvent system B until the System suitability solution:  0.2 mg/mL of ginsenoside Rg1

solvent front has moved 10.5 cm from the origin. Remove in a mixture of alcohol and water (4:6), from an appropri-
the plates from the chromatographic chamber, and allow to ately diluted quantity of USP Powdered Asian Ginseng Extract
dry. Spray with Spray reagent. Heat the plates at 105°–110° RS
for 10 min, and examine. The order, from top to bottom, of Chromatographic system
ginsenosides on the chromatographic plates is: Rg2 (on left) (See Chromatography 〈621〉, System Suitability.)
and Rg1 (on right), Rf, Re, Rd, Rc, Rb2 (on left) and Rb1 (on Mode:  LC
right), and Ro. Detector:  UV 203 nm

Ginsenosides Rg2, Rg1, Rf, Re, and Rd are found on the upper Column
half of the plates; the remaining ginsenosides are found on Guard column:  4.6-mm × 2.0-cm; packing L1
the lower half after chromatographing with Developing sol- Analytical column:  4.6-mm × 15-cm; 3-µm packing L1
vent system B. Column temperature:  25°

Acceptance criteria:  The chromatogram from Standard solu- Flow rate:  1.5 mL/min
tion A does not exhibit a spot for ginsenoside Rf. The chro- Injection size:  10 µL
matogram from Standard solution B exhibits a spot for ginse- System suitability
noside Rf. The spots on the chromatogram from the Sample Sample:  System suitability solution (20 µL)
solution correspond to those on the chromatogram from Stan- Suitability requirements:  The chromatogram is similar to
dard solution A. the Reference Chromatogram provided with the lot of USP

• B.  The retention times of the peaks for ginsenosides Rg1, Re, Powdered Asian Ginseng Extract RS being used.
Rb1, Rb2, Rc2, and Rd in the chromatogram of the Sample solu- Relative standard deviation:  NMT 2.0%, determined for
tion correspond to those in the chromatogram of Standard so- the sum of the peak areas for the six major ginsenosides
lution, as obtained in the test for Content of Ginsenosides. The Analysis
ratio of the peak response for Rb2 to the peak response for Rb1 Samples:  Standard solution A, Standard solution B, and
is less than 0.4; and the ratio of the peak response for Rg1 to Sample solution
the peak response for Rb1 is less than 0.3. The chromatogram Identify ginsenosides Rg1, Re, Rb1, Rc, Rb2, and Rd in the
shows no significant peak at the retention time corresponding Standard solution and the Sample solution by comparing
to that of the RF for ginsenoside in the chromatogram of the the chromatograms with the Reference Chromatogram
System suitability solution, as obtained in the test for Content of provided with USP Powdered American Ginseng Extract RS,
Ginsenosides. and measure the peak responses.

Calculate the percentages of individual relevant ginsenosides
STRENGTH (Rg1, Re, Rb1, Rc, Rb2, and Rd) in the portion of the Cap-
• CONTENT OF GINSENOSIDES sules taken:

Method 1
Solution A:  Water Result = (rU/rS) × (CS/CU) × P × 100
Solution B:  Acetonitrile and water (4:1)
Mobile phase:  See the gradient table below. rU = peak response of ginsenoside Rg1, Re, Rb1, Rc,

Rb2, or Rd of the Sample solution
rS = peak response of ginsenoside Rg1, Re, Rb1, Rc,Time Solution A Solution B

Rb2, or Rd of the appropriate Standard solution(min) (%) (%)
CS = concentration of USP Powdered American Gin-

0 76 24 seng Extract RS in the Standard solution
12 76 24 (mg/mL)
28 65 35 CU = nominal concentration of American Ginseng in

51.5 56.5 43.5 the Sample solution (mg/mL)
P = labeled percentage of the corresponding ginse-52.5 0 100

noside in the USP Powdered American Gin-64.5 76 24
seng Extract RS

77 76 24 Calculate the percentage of total ginsenosides in the portion
of Capsules taken by adding the individual percentages.Standard solution:  0.2 mg/mL of ginsenoside Rb1 from USP

Acceptance criteria:  90.0%–110.0% of Extract, calculatedPowdered American Ginseng Extract RS in a mixture of alco-
as the sum of ginsenosides Rg1, Re, Rb1, Rc, Rb2, and Rdhol and water (4:6)

Method 2Sample solution (soft-gelatin capsules):  Open NLT 20 Cap-
Solution A, Solution B, Mobile phase, and Chromato-sules, transfer the contents to a suitable container and mix to
graphic system:  Proceed as directed under Content of Gin-homogenize. Transfer a portion, expected to contain an
senosides, Method 1.amount of Extract equivalent to 12 mg of ginsenosides, to a

Solvent A:  Upper phase of a mixture consisting of hexane,suitable flask with a stopper. Add 5.0 mL of tetrahydrofuran,
methanol, and water (4:3:2)and sonicate for 5 min. Add 25.0 mL of a mixture of metha-

Solvent B:  Lower phase of a mixture consisting of hexane,nol and water (4:6), and shake for 50 min in an automatic
methanol, and water (4:3:2)
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Standard solution:  1 mg/mL of Rb1 from USP Powdered SPECIFIC TESTS
American Ginseng Extract RS in a mixture of alcohol and • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
water (2:3) PLEMENTS 〈2021〉:  The total aerobic microbial count does not

Sample solution A (for soft-gelatin capsules):  Open NLT 20 exceed 104 cfu/g. The total combined molds and yeasts count
Capsules and transfer the contents to a suitable container. does not exceed 103 cfu/g. It meets the requirements of the
Mix to homogenize and transfer a portion, expected to con- tests for absence of Salmonella species and Escherichia coli.
tain an amount of Extract equivalent to 15 mg of total ginse-

ADDITIONAL REQUIREMENTSnosides, to a 50-mL flask. Add 10.0 mL of Solvent A, and
• PACKAGING AND STORAGE:  Preserve in tight containers, pro-sonicate for 3–5 min at 25°–30°. Transfer the solution to a

tected from light. Store at controlled room temperature.125-mL separator funnel. To the residue, add 10 mL of Sol-
• LABELING:  The label states the Latin binomial and, followingvent B, and sonicate for 3–5 min at 25°–30°. Transfer the

the official name, the article from which the Capsules weresolution to the same separator funnel. Repeat the above pro-
prepared. The label also indicates the amount of Extract, incedure twice (the total volume will be 60 mL). Shake, and
mg/Capsule. Label the Capsules to indicate the percentage ofthen allow the phases to separate. Collect the combined
ginsenosides in the Extract contained in the Capsules. For soft-lower phase in a round-bottom flask, and wash the com-
gelatin Capsules, state the method for Content of Ginsenosidesbined upper phase twice with 10 mL of Solvent B. Evaporate
with which the product complies only if Method 1 is not used.the combined lower phase to dryness under vacuum at

• USP REFERENCE STANDARDS 〈11〉45°–50°. Transfer the residue to a 10-mL volumetric flask us-
USP Powdered American Ginseng Extract RSing small volumes of methanol, and dilute with methanol to
USP Powdered Asian Ginseng Extract RSvolume.

Sample solution B (for hard-gelatin capsules):  Weigh the
contents of NLT 20 Capsules, and composite the contents.
Transfer a portion of the composite, expected to contain an

BRIEFINGamount of Extract equivalent to 15 mg of total ginsenosides,
to a conical flask. Add 15 mL of methanol, and shake to mix.
Sonicate the mixture at 25°–30° for 30 min. Cool, pass

American Ginseng Tablets,  USP 32 page 1025. See briefingthrough filter paper, and return the residue to the conical
under Arginine Capsules.flask. Add another 15 mL of methanol, sonicate the mixture

at 25°–30° for 30 min, and filter. Wash the residue with
three 15-mL portions of methanol. Evaporate the combined
extracts and washing to dryness under vacuum at 45°–50°. (DS-PS: N. Davydova.) RTS—C82092
Transfer the residue to a 10-mL volumetric flask using small
volumes of methanol, and dilute with methanol to volume.

Analysis
Samples:  Standard solution and Sample solution American Ginseng Tablets
Identify ginsenosides Rg1, Re, Rb1, Rc, Rb2, and Rd in the
Standard solution and the Sample solution by comparing

DEFINITIONthe chromatograms with the Reference Chromatogram
American Ginseng Tablets contain Powdered American Ginsengprovided with USP Powdered American Ginseng Extract RS,

Extract. Tablets contain NLT 90.0% and NMT 110.0% of Ex-and measure the peak responses.
tract, calculated as the sum of ginsenosides Rg1, Re, Rb1, Rc,Calculate the percentages of individual relevant ginsenosides
Rb2, and Rd.(Rg1, Re, Rb1, Rc, Rb2, and Rd) in the portion of the Cap-

sules taken by the formula: IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉Result = (rU/rS) × (CS/CU) × P × 100 Standard solution A:  20 mg/mL of USP Powdered American

Ginseng Extract RS in methanolrU = peak response of ginsenoside Rg1, Re, Rb1, Rc,
Standard solution B:  20 mg/mL of USP Powdered Asian Gin-Rb2, or Rd from the Sample solution
seng Extract RS in methanolrS = peak response of ginsenoside Rg1, Re, Rb1, Rc,

Sample solution:  Transfer a quantity of finely powdered Tab-Rb2, or Rd from the appropriate Standard solu-
lets equivalent to 100 mg of Extract to a conical flask. Extracttion
at 55° with three 20-mL portions of a mixture of methanolCS = concentration of USP Powdered American Gin-
and water (2:8). Evaporate the combined extracts to drynessseng Extract RS in the Standard solution
under a vacuum at 45°–50°. Dissolve the residue in 5 mL of(mg/mL)
methanol.CU = nominal concentration of American Ginseng in

Application volume:  20 µLthe Sample solution (mg/mL)
Developing solvent system A:  Chloroform, methanol, andP = labeled percentage of the corresponding ginse-
water (13:7:2). [NOTE—Use the lower phase.]noside in the USP Powdered American Gin-

Developing solvent system B:  Butyl alcohol, ethyl acetate,seng Extract RS
and water (4:1:5). [NOTE—Use the upper phase.]Calculate the percentage of total ginsenosides in the portion

Spray reagent:  Dissolve 0.5 mL of anisaldehyde in 10 mL ofof Capsules taken by adding the individual percentages.
glacial acetic acid, add 85 mL of methanol, mix, and carefullyAcceptance criteria:  90.0%–110.0% of Extract, calculated
add 5 mL of sulfuric acid.as the sum of ginsenosides Rg1, Re, Rb1, Rc, Rb2, and Rd

Analysis
Samples:  Standard solution A, Standard solution B, and Sam-PERFORMANCE TESTS
ple solution
Proceed as directed in the chapter. Develop the chro-

Change to read: matograms in a chamber containing Developing solvent sys-
tem A until the solvent front has moved 10.5 cm from the
origin. Remove the plates from the chromatographic cham-• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS ber, and allow to dry. Turn the plates 90°, and develop in a〈2040〉:  Meet the requirements ▲for Disintegration▲USP34 chamber containing Developing solvent system B until the• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the solvent front has moved 10.5 cm from the origin. Removerequirements the plates from the chromatographic chamber, and allow to
dry. Spray with Spray reagent. Heat the plates at 105°–110°
for 10 min, and examine. The order, from top to bottom, of

2010 The United States Pharmacopeial Convention All Rights Reserved.

In-Process Revision



Pharmacopeial Forum
160 IN-PROCESS REVISION Vol. 36(1) [Jan.–Feb. 2010]

ginsenosides on the chromatographic plates is: Rg2 (on left) Relative standard deviation:  NMT 2.0%, determined for
and Rg1 (on right), Rf, Re, Rd, Rc, Rb2 (on left) and Rb1 (on the sum of the peak areas for the six major ginsenosides
right), and Ro. Analysis

Ginsenosides Rg2, Rg1, Rf, Re, and Rd are found on the upper Samples:  Standard solution, Sample solution, and System suit-
half of the plates; the remaining ginsenosides are found on ability solution
the lower half after chromatographing with Developing sol- Identify ginsenosides Rg1, Re, Rb1, Rc, Rb2, and Rd in the
vent system B. Standard solution, Sample solution, and the System suitability

Acceptance criteria:  The chromatogram of Standard solution solution by comparing the chromatograms with the Refer-
A does not exhibit a spot for ginsenoside Rf. The chromato- ence Chromatogram provided with USP Powdered American
gram of Standard solution B exhibits a spot for ginsenoside Rf. Ginseng Extract RS, and measure the peak responses.
The spots on the chromatogram from the Sample solution cor- Calculate the percentages of individual ginsenosides in the
respond to those on the chromatogram from Standard solution portion of the Tablets taken:
A.

Result = (rU/rS) × (CS/CU) × P × 100• B.  The retention times of the peaks for ginsenosides Rg1, Re,
Rb1, Rb2, Rc2, and Rd of the Sample solution correspond to

rU = peak response of ginsenoside Rg1, Re, Rb1, Rc,those of the Standard solution, as obtained in the test for Con-
Rb2, or Rd from the Sample solutiontent of Ginsenosides. The ratio of the peak response for Rb2 to

rS = peak response of ginsenoside Rg1, Re, Rb1, Rc,the peak response for Rb1 is less than 0.4; and the ratio of the
Rb2, or Rd from the Standard solution or Systempeak response for Rg1 to the peak response for Rb1 is less than
suitability solution0.3. The chromatogram shows no significant peak at the re-

CS = concentration of USP Powdered American Gin-tention time corresponding to that of the RF for ginsenoside of
seng Extract RS in the Standard solutionthe System suitability solution, as obtained in the test for Con-
(mg/mL)tent of Ginsenosides.

CU = nominal concentration of the Sample solution
STRENGTH (mg/mL)
• CONTENT OF GINSENOSIDES P = labeled percentage of the corresponding ginse-

Solution A:  Water, filtered and degassed noside in the USP Powdered American Ginseng
Solution B:  Acetonitrile and water (4:1), filtered and Extract RS
degassed Calculate the percentage of total ginsenosides in the portion

Mobile phase:  See the gradient table below. of Tablets taken by adding the individual percentages.
Acceptance criteria:  90.0%–110.0%

Time Solution A Solution B PERFORMANCE TESTS
 (min)  (%)  (%)

0 76 24
Change to read:12 76 24

28 65 35
51.5 56.5 43.5 • DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS

〈2040〉:  Meet the requirements for disintegration only52.5 0 100
▲Disintegration▲USP3464.5 76 24

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the77 76 24
requirements

Standard solution:  A solution of USP Powdered American SPECIFIC TESTSGinseng Extract RS in a mixture of alcohol and water (4:6) • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-containing the equivalent to 1 mg/mL of Rb1
PLEMENTS 〈2021〉:  The total aerobic microbial count does notSample solution:  Transfer an equivalent to 15 mg of total exceed 104 cfu/g. The total combined molds and yeasts countginsenosides, from very finely powdered Tablets (NLT 20), to a does not exceed 1000 cfu/g. It meets the requirements of theconical flask, add 15 mL of methanol, and shake to mix. Soni- tests for absence of Salmonella species and Escherichia coli.cate the mixture at 25°–30° for 30 min. Cool, pass through

filter paper, and return the residue to the conical flask. Add ADDITIONAL REQUIREMENTS
another 15 mL of methanol, sonicate the mixture at 25°–30° • PACKAGING AND STORAGE:  Preserve in tight containers, pro-
for 30 min, and filter. Wash the residue with three 15-mL tected from light. Store at controlled room temperature.
portions of methanol. Evaporate the combined extracts and • LABELING:  The label states the Latin binomial and, following
washings to dryness under a vacuum at 45°–50°. Transfer the the official name, the article from which the Tablets were pre-
residue to a 10.0-mL volumetric flask, using small volumes of pared. The label also indicates the amount of Extract, in
methanol, and dilute with methanol to volume. mg/Tablet. Label the Tablets to indicate the percentage of to-

System suitability solution:  0.2 mg/mL of ginsenoside Rg1 in tal ginsenosides in the Extract contained in the Tablets.
a mixture of alcohol and water (4:6), from an appropriately • USP REFERENCE STANDARDS 〈11〉
diluted quantity of USP Powdered Asian Ginseng Extract RS USP Powdered American Ginseng Extract RS

Chromatographic system USP Powdered Asian Ginseng Extract RS
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 203 nm
Column BRIEFING

Guard column:  4.6-mm × 2.0-cm; packing L1
Analytical column:  4.6-mm × 15-cm; 3-µm packing L1

Column temperature:  25° Asian Ginseng Tablets,  USP 32 page 1028—See briefingFlow rate:  1.5 mL/min under Arginine Capsules.Injection size:  10 µL
System suitability
Sample:  System suitability solution (10 µL)

(DS-PS: N. Davydova.) RTS—C82092Suitability requirements:  The chromatogram is similar to
the Reference Chromatogram provided with the lot of USP
Powdered Asian Ginseng Extract RS being used.
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with a magnetic stirrer. Evaporate the combined extracts toAsian Ginseng Tablets
dryness in a vacuum between 45° and 50°. Dissolve the resi-
due in 5.0 mL of a mixture of alcohol and water (2:3), andDEFINITION
filter.Asian Ginseng Tablets are prepared from Powdered Asian Ginseng

Chromatographic systemExtract. They contain NLT 90.0% and NMT 110.0% of Pow-
(See Chromatography 〈621〉, System Suitability.)dered Extract, calculated as the sum of ginsenosides Rg1, Re,
Mode:  LCRb1, Rc, Rb2, and Rd.
Detector:  UV 203 nm
ColumnIDENTIFICATION

Guard:  4.6-mm × 2.0-cm; packing L1• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
Analytical:  4.6-mm × 15-cm; 3-µm packing L1Standard solution:  5 mg/mL each of arbutin and escin, in

Column temperature:  25°methanol
Flow rate:  1.5 mL/minSample solution:  Transfer the equivalent to 100 mg of Pow-
Injection size:  20 µLdered Extract from powdered Tablets to a conical flask, and

System suitabilityextract three times, each with a 20-mL portion of a mixture of
Sample:  Standard solutionmethanol and water (4:1), in a 55° bath for 30 min, stirring
[NOTE—Record the peak areas.]with a magnetic stirrer. Evaporate the combined extracts to

Suitability requirementsdryness in a vacuum between 45° and 50°, and dissolve the
[NOTE—The chromatogram is similar to the Reference Chro-residue in 10 mL of a mixture of methanol and water (3:2).
matogram provided with the lot of USP Powdered AsianApplication volume:  20 µL, as bands
Ginseng Extract RS being used.]Developing solvent system:  The upper layer of a mixture of
Relative standard deviation:  NMT 2.0%, determined forbutyl alcohol, ethyl acetate, and water (4:1:2) in an unsatu-
the sum of the peak areas for the six major ginsenosidesrated chamber

AnalysisSpray reagent:  0.5 mL of anisaldehyde in 10 mL of glacial
Samples:  Solution A, Solution B, and Sample solutionacetic acid. Add 85 mL of methanol. Carefully add 5 mL of
Record the chromatograms, identify the peaks for the ginse-sulfuric acid to this mixture.
nosides by comparison with the Reference ChromatogramAnalysis
provided with the lot of USP Powdered Asian Ginseng Ex-Samples:  Standard solution and Sample solution
tract RS being used, and measure the peak areas for the sixProceed as directed in the chapter. Remove the plate from
major ginsenosides.the developing chamber, and allow it to dry. Spray with

Calculate the percentage of each relevant ginsenoside (Rg1,Spray reagent. Heat the plate at 105°–110° for 10 min, and
Re, Rb1, Rc, Rb2, and Rd) in the portion of Tablets taken:examine the plate.

Acceptance criteria:  The chromatogram of the Standard solu-
Result = (rU/rS) × (CS/CU) × 100tion shows, in the upper third, a brown zone corresponding to

arbutin and, in the lower third, a gray zone corresponding to
rU = peak areas for each relevant ginsenoside fromescin. Between these two zones, the chromatogram of the

the Sample solutionSample solution exhibits violet-gray zones corresponding to
rS = peak areas for each relevant ginsenoside fromginsenoside Rg1 in the upper portion and to ginsenoside Re in

the Standard solutionthe middle. A violet-gray zone corresponding to ginsenoside
CS = concentration of USP Powdered Asian GinsengRb1 is located at the same RF value as the gray zone corre-

Extract RS in the Standard solution (mg/mL)sponding to escin in the chromatogram of the Standard solu-
CU = nominal concentration of Powdered Asian Gin-tion. Other less intense bands may be observed between the

seng Extract in the Sample solution (mg/mL)zones due to ginsenosides Rb1 and Re, and the zone closest to
Calculate the content of ginsenosides, in percentage, by add-the origin corresponds to ginsenoside Rc. Other spots may be
ing the percentages of each relevant ginsenoside.visible in the lower third of the chromatogram.

Acceptance criteria:  90.0%–110.0%• B.  The retention times of the relevant analytes of the Sample
solution correspond to those of the Standard solution, as ob- PERFORMANCE TESTS
tained in the test for Content of Ginsenosides. The retention
time of the peak for ginsenoside Rf of the Sample solution cor-

Change to read:responds to that of the Standard solution, as obtained in the
test for Content of Ginsenosides.

• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTSSTRENGTH
〈2040〉:  Meet the requirements for Disintegration only; 20• CONTENT OF GINSENOSIDES
min, the use of disks being omitted▲

▲USP34Solution A:  Water
• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet theSolution B:  Acetonitrile and water (4:1)

requirementsMobile phase:  See the gradient table below.

SPECIFIC TESTS
Time Solution A Solution B • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
(min) (%) (%) PLEMENTS 〈2021〉:  The total aerobic microbial count does not

0 76 24 exceed 104 cfu/g, and the total combined molds and yeasts
12 76 24 count does not exceed 1000 cfu/g. Tablets meet the require-

ments of the tests for absence of Salmonella species and Es-28 65 35
cherichia coli.51.5 56.5 43.5

52.5 0 100 ADDITIONAL REQUIREMENTS
64.5 76 24 • PACKAGING AND STORAGE:  Preserve in tight containers, pro-
77 76 24 tected from light.

• LABELING:  The label states the Latin binomial and, following
Standard solution:  40 mg/mL of USP Powdered Asian Gin- the official name, the article from which the Tablets were pre-
seng Extract RS in a mixture of water and alcohol (3:2). Filter. pared. The label also indicates the amount of Powdered Ex-

Sample solution:  Transfer the equivalent to 200 mg of Pow- tract, in mg/Tablet, and the content, in mg, of ginseno-
dered Extract (powder NLT 20 Tablets) to a conical flask, and sides/100 mg of Powdered Extract.
extract three times, each with a 20-mL portion of a mixture of • USP REFERENCE STANDARDS 〈11〉
methanol and water (4:1), in a 55° bath for 30 min, stirring USP Powdered Asian Ginseng Extract RS
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Mode:  GCBRIEFING
Detector:  Flame ionization
Column:  0.32-mm × 30-m capillary column coated with a
G27 phase of 0.25-µm thicknessPygeum Capsules,  USP 32 page 1065—See briefing under Ar- Temperature:  See the temperature program table below.ginine Capsules.

Time Temperature
(min) (°)(DS-PS: N. Davydova.) RTS—C82092

Column 0 250
5 250
19 320

Pygeum Capsules Injection port — 285
Detector — 285

DEFINITION
Carrier gas:  HeliumPygeum Capsules contain Pygeum Extract. Capsules contain NLT
[NOTE—The carrier gas flow rate should be adjusted to obtain90.0% and NMT 110.0% of the labeled amount of Extract,
a retention time of 19 min for β-sitosterol.]calculated as sterols and docosyl ferulate.

Makeup gas:  Helium
IDENTIFICATION Injection size:  2 µL
• A.  The retention times of the peaks for campesterol, stigmas- Injection type:  Split injection system

terol, and β-sitosterol, of the Sample solution, correspond to Split ratio:  1:50
those of the Standard solution, as obtained in the Content of System suitability
Sterols test. Sample:  System suitability solution

• B.  The retention time of the peak for docosyl ferulate in the [NOTE—The relative retention times for 5α-cholestane,
Sample solution corresponds to that in the Standard solution, as campesterol, stigmasterol, and β-sitosterol are about 0.66,
obtained in the Content of Docosyl Ferulate test. 0.94, 0.96, and 1.00, respectively.]

Suitability requirements
STRENGTH Resolution:  NLT 2 between campesterol and stigmasterol
• CONTENT OF STEROLS Column efficiency:  NLT 150,000 theoretical plates for the

Derivatizing solution:  Bis(trimethylsilyl)acetamide and 5α-cholestane peak
trimethylchlorosilane (9:1) Tailing factor:  NMT 2.0 for each relevant peak

Internal standard solution:  2 mg/mL of 5α-cholestane in Analysis
chloroform Samples:  Standard solution and Sample solution

System suitability stock solution:  2 mg/mL each of campes- Identify the signals corresponding to the relevant analytes by
terol, stigmasterol, and USP β-Sitosterol RS comparison with the chromatograms obtained with the Sys-

System suitability solution:  Mix 2.0 mL of the System suita- tem suitability solution.
bility stock solution and 2.0 mL of the Internal standard solu- Separately calculate the percentages of campesterol, stigmas-
tion, and dilute with chloroform to 10 mL. Evaporate 500 µL terol, and β-sitosterol respectively in the portion of the
of this solution to dryness using a stream of nitrogen. Dissolve Capsules:
the residue in 80 µL of Derivatizing solution and 20 µL of pyri-
dine. Allow to stand for NLT 10 min at room temperature. Result = (RU/RS) × (CS/CU) × 100

Standard stock solution:  2.0 mg/mL of USP β-Sitosterol RS
in chloroform RU = ratio of the appropriate sterol peak to the inter-

Standard solution:  Mix 2.0 mL of the Standard stock solution nal standard from the Sample solution
and 2.0 mL of the Internal standard solution, and dilute with RS = ratio of the β-sitosterol peak to the 5α-choles-
chloroform to 10 mL. Evaporate 500 µL of this solution to tane internal standard from the Standard solu-
dryness using a stream of nitrogen. Dissolve the residue in 80 tion
µL of Derivatizing solution and 20 µL of pyridine. Allow to CS = concentration of β-sitosterol in the Standard solu-
stand for NLT 10 min at room temperature. tion (mg/mL)

Sample solution:  Transfer a quantity of Capsules equivalent CU = nominal concentration of the Sample solution
to 100 mg of the labeled amount of Extract into a 100-mL (mg/mL)
round-bottomed flask. Add 2.0 mL of Internal standard solution Calculate the total content of sterols in percentage by adding
and 20 mL of diluted hydrochloric acid. Attach a condenser, the individual percentages.
and reflux in a bath at 100° for 30 min. Cool the solution to Acceptance criteria:  90%–110% of the labeled amount of
room temperature, and adjust by the addition of about 5 mL Extract, calculated as sterols and docosyl ferulate (from Con-
of 10 N sodium hydroxide to a pH of 8. Extract twice using tent of Docosyl Ferulate)
50 mL of ether each time, wash the collected organic phases • CONTENT OF DOCOSYL FERULATE
with 50 mL of water, and evaporate the organic phase to Solution A:  Methanol and water (95:5)
dryness under vacuum. Dissolve the residue with 4 mL of Solution B:  Acetonitrile
chloroform, and transfer to a cartridge containing 500 mg of Mobile phase:  Solution A and Solution B (17:3)
packing L8 that has been conditioned with a 2-column vol- Standard solution:  Dissolve a quantity of USP Docosyl Feru-
ume of n-hexane. [NOTE—A suitable cartridge is Chromabond late RS in chloroform, and dilute stepwise if necessary, with
NH2, manufactured by Macheray Nagel, or equivalent.] Col- acetonitrile to obtain a concentration of 0.01 mg/mL. Pass
lect the eluate. Elute twice with a 1-column volume of a mix- through a 0.45-µm membrane or finer porosity filter.
ture of chloroform and isopropanol (2:1). Combine the elu- Sample solution:  Weigh the contents of NLT 20 Capsules
ates, and evaporate to dryness. Dissolve the residue in 10 mL and transfer a quantity of the material equivalent to 0.2 mg of
of chloroform. Evaporate 500 µL of this solution to dryness the labeled amount of docosyl ferulate to a 50-mL beaker.
under a stream of nitrogen. Dissolve the residue with 80 µL of Add 5 mL of chloroform and dissolve in an ultrasonic bath.
Derivatizing solution and 20 µL of pyridine. Allow to stand for Transfer to a 20-mL volumetric flask with the aid of NMT 2
NLT 10 min at room temperature. mL of chloroform. Dilute with acetonitrile to volume and mix.

Chromatographic system Pass through a 0.45-µm membrane or finer porosity filter.
(See Chromatography 〈621〉, System Suitability.) Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
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Mode:  LC USP Pygeum Extract RS
Detector:  UV 323 nm USP β-Sitosterol RS
Column:  4-mm × 25-cm; packing L7
Column temperature:  25°
Flow rate:  1 mL/min

BRIEFINGInjection size:  320 µL
System suitability
Sample:  Standard solution
Suitability requirements Saw Palmetto Capsules,  USP 32 page 1072—See briefing

Column efficiency:  NLT 1700 theoretical plates for the under Arginine Capsules.
docosyl ferulate peak

Tailing factor:  NMT 2.0 for docosyl ferulate
Analysis (DS-PS: N. Davydova.) RTS—C82092Samples:  Standard solution and Sample solution

Measure the areas of the analyte peaks.
Calculate the percentage of docosyl ferulate in the portion of
the Capsules taken: Saw Palmetto Capsules

Result = (rU/rS) × (CS/CU) × 100
DEFINITION

rU = peak response for docosyl ferulate from the Sam- Saw Palmetto Capsules contain Saw Palmetto Extract. Capsules
ple solution contain NLT 22.0% of lauric acid and NMT 34.0% of the la-

rS = peak response for docosyl ferulate from the Stan- beled amount of Saw Palmetto Extract. The ratio of the con-
dard solution centrations of lauric acid to caprylic acid is NLT 8.5 and NMT

CS = concentration of USP Docosyl Ferulate RS in the 17.5. The ratio of the concentrations of lauric acid to myristic
Standard solution (mg/mL) acid is NLT 2.2 and NMT 2.8.

CU = nominal concentration of the Sample solution
IDENTIFICATION(mg/mL)
• A.  The retention times of the peaks for methyl caprate,Acceptance criteria:  90%–110% of the labeled amount of

methyl caproate, methyl caprylate, methyl laurate, methyl li-Extract, calculated as docosyl ferulate and sterols (from Con-
noleate, methyl linolenate, methyl myristate, methyl oleate,tent of Sterols)
methyl palmitate, methyl palmitoleate, and methyl stearate of

PERFORMANCE TESTS the Sample solution correspond to those of the Standard solu-
tion, as obtained in the test for Content of Lauric Acid and the
Ratios of the Concentrations of Lauric Acid to Caprylic Acid andChange to read: Lauric Acid to Myristic Acid.

• B. PRESENCE OF STEROLS
Derivatizing stock solution:  N,O-bis(trimethylsilyl)-acetam-• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS
ide, trimethylsilylimidazole, and trimethylchlorosilane (3:3:2)〈2040〉:  Meet the requirements for disintegration of botanical

Derivatizing solution:  Derivatizing stock solution,dosage forms
bis(trimethylsilyl)-trifluoroacetamide, and pyridine (1:1:1)• RUPTURE TEST:  [NOTE—See Dissolution 〈711〉 for Apparatus.]

Internal standard solution:  10 mg/mL of eicosanol and 5Medium:  Simulated gastric fluid TS; 500 mL
mg/mL of cholesterol in chloroformApparatus 2:  50 rpm

Standard stock solution:  0.75 mg/mL of USP HexacosanolTime:  15 min
RS and 1.4 mg/mL of USP β-Sitosterol RS in chloroformAnalysis:  Place 1 Capsule in each vessel, and allow the Cap-

Standard solution:  Mix 5.0 mL of Standard stock solutionsule to sink to the bottom of the vessel before starting rota-
with 1.0 mL of the Internal standard solution. Evaporate 0.75tion of the blade. Observe the Capsules, and record the time
mL of this solution to dryness using a stream of nitrogen.taken for each capsule shell to rupture.
Dissolve the residue in 1.0 mL of Derivatizing solution, andTolerances:  The requirements are met if all of the Capsules
allow to stand for NLT 15 min at room temperature.tested rupture in NMT 15 min. If 1 or 2 of the Capsules rup-

System suitability stock solution A:  2 mg/mL each of tetra-ture in more than 15 but NMT 30 min, repeat the test on 12
cosanol, octacosanol, USP Hexacosanol RS, and triacontanol inadditional Capsules. NMT 2 of the total of 18 Capsules tested
chloroformrupture in more than 15 but NMT 30 min.

System suitability solution A:  Mix 5.0 mL of System suitabil- ▲Meet the requirements for Rupture Test for Soft Shell
ity stock solution A with 1.0 mL of Internal standard solution.Capsules▲USP34
Evaporate 0.75 mL of this solution to dryness using a stream• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the
of nitrogen. Dissolve the residue in 1.0 mL of Derivatizing solu-requirements
tion, and allow to stand for NLT 15 min at room temperature.

System suitability stock solution B:  2 mg/mL each ofSPECIFIC TESTS
campesterol, stigmasterol, and USP β-Sitosterol RS, and 0.37• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
mg/mL of stigmastanolPLEMENTS 〈2021〉:  The total bacterial count does not exceed

System suitability solution B:  Mix 5.0 mL of System suitabil-1000 cfu/g. The total combined molds and yeasts count does
ity stock solution B with 1.0 mL of the Internal standard solu-not exceed 1000 cfu/g. They meet the requirements of the
tion. Evaporate 0.75 mL of this solution to dryness using atests for absence of Salmonella species and Escherichia coli.
stream of nitrogen. Dissolve the residue in 1.0 mL of Derivati-

ADDITIONAL REQUIREMENTS zing solution, and allow to stand for NLT 15 min at room
• PACKAGING AND STORAGE:  Preserve in tight containers, and temperature.

store at controlled room temperature. β-Cholestanol solution:  β-cholestanol in chloroform (1 in
• LABELING:  The label states the Latin binomial and, following 100)

the official name, the article from which the Capsules were Sample solution  Open a number of Capsules, equivalent to
prepared. The label also indicates the quantity of Extract, in 10 g of Saw Palmetto Extract, and transfer the shells and con-
mg/Capsule. Label the Capsules to indicate the quantity of tents to a suitable container. Transfer 5 g to a 250-mL round-
sterols and docosyl ferulate in percentage of the Extract con- bottom flask, and evaporate in vacuum at a temperature of
tained in the Capsules. NMT 50°. Add 50 mL of a solution prepared by dissolving

• USP REFERENCE STANDARDS 〈11〉 130 mg/mL of potassium hydroxide in methanol and water
USP Docosyl Ferulate RS (4:1). Attach a condenser, and reflux in a bath at 100° until a
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clear solution is obtained. Reflux for an additional 10 min, and 1.15, and 1.36, respectively, System suitability solution A;
cool by adding 50 mL of water through the condenser. Trans- and the relative retention times for cholesterol, campesterol,
fer to a separation funnel, rinsing the flask with a total of 50 stigmasterol, β-sitosterol, and stigmastanol are 0.85, 0.92,
mL of water in small portions. Extract with 80 mL of ether, 0.95, 1.00, and 1.01, respectively, System suitability solution
shaking for 30 s, and repeat twice. [NOTE—If an emulsion B.]
forms, it can be eliminated by adding small quantities of Suitability requirements
methanol. Transfer the combined ether layers to a separation Resolution:  NLT 2 between β-sistosterol and stigmastanol,
funnel, and wash with successive portions of 50 mL of water System suitability solution B
until a neutral washing is obtained.] [NOTE—If an emulsion Column efficiency:  NLT 200,000 theoretical plates for the
forms, it can be eliminated by adding small quantities of eicosanol peak, System suitability solution A; and NLT
methanol.] Pass the ether extract through filter paper contain- 150,000 theoretical plates for the cholesterol peak, System
ing anhydrous sodium sulfate, wash the filter with 30 mL of suitability solution B
ether, and evaporate to dryness in vacuum. Dissolve the resi- Tailing factor:  NMT 2.0 for each relevant peak, System
due in 2.0 mL of chloroform. Extract the sterols using the suitability solution A; and NMT 2.0 for each relevant peak,
following chromatographic system. System suitability solution B
Chromatographic extraction system Analysis

Mode:  TLC Samples:  Standard solution and Sample solution
Absorbent:  Chromatographic plate coated with 0.25-mm Identify the signals corresponding to the relevant analytes by
silica gel having an application zone that was previously comparison with the chromatograms obtained with System
dipped under 3 cm of a solution prepared by dissolving 13 suitability solutions A and B.
mg/mL of potassium hydroxide in methanol and water Acceptance criteria:  The Sample solution exhibits peaks for
(49:1) campesterol, β-sitosterol, and stigmasterol, identified by their

Developing solvent system:  Hexanes and ether (7:3) retention times relative to the β-sitosterol peak in the Standard
Application volumes:  200 µL of chloroform solution con- solution.
taining Capsule residue and 20 µL of β-Cholestanol solution.

STRENGTHAfter the spots have been applied, allow the plate to dry,
• CONTENT OF LAURIC ACID AND THE RATIOS OF THE CONCENTRA-and heat it to 100° for 1 h before use. The plate can be

TIONS OF LAURIC ACID TO CAPRYLIC ACID AND LAURIC ACID TOstored in a desiccator containing calcium chloride until the
MYRISTIC ACIDtime of use. Develop the plates until the solvent front has

Internal standard solution:  12 mg/mL of nonadecane inmoved 17–19 cm. Keep the chamber temperature be-
hexanestween 15° and 20°. Dry the plate in a current of warm air,

Standard solution:  Dissolve quantities of USP Methyl Lauratethen spray with an alkaline solution of 2,7-dichlorofluores-
RS, USP Methyl Oleate RS, USP Methyl Myristate RS, USPcein in alcohol (0.2 in 100). Observe the plate under 366-
Methyl Palmitate RS, USP Methyl Linoleate RS, USP Methylnm wavelength light, and identify the bands correspond-
Caproate RS, USP Methyl Caprylate RS, USP Methyl Caprateing to the sterols by referring to the β-cholestanol spot.
RS, USP Methyl Palmitoleate RS, USP Methyl Stearate RS, andScrape off these bands and transfer them to a test tube.
USP Methyl Linolenate RS in hexanes to obtain concentrationAdd 10 mL of warm chloroform, and shake for 2 min with
of each methyl ester as given in the table below. Transfer 1.0the aid of several glass beads. Filter the chloroform solu-
mL of Internal standard solution to 5.0 mL of this solution.tion, wash the filter with chloroform, and evaporate the

combined filtrate and washings to dryness in a vacuum.
Dissolve the residue with some drops of anhydrous ace- Methyl Ester Concentration (mg/mL)
tone and evaporate in a vacuum. Dry the residue in an Methyl laurate 5
oven at 105° for 15 min. Dissolve the residue in 0.2 mL of Methyl oleate 5Derivatizing solution. Use this resulting solution as the Sam-

Methyl myristate 2ple solution for GC analysis.
Methyl palmitate 2Chromatographic system
Methyl linoleate 1(See Chromatography 〈621〉, System Suitability.)

Mode:  GC Methyl caproate 0.4
Detector:  Flame ionization Methyl caprylate 0.4
Column:  0.2-mm × 25-m capillary column coated with a Methyl caprate 0.40.33-µm thickness of phase G1

Methyl palmitoleate 0.4Temperature:  See the temperature program table below.
Methyl stearate 0.4
Methyl linolenate 0.4Time Temperature

 (min) (°) Sample solution:  Open a number of Capsules, equivalent to
Column 0 200 10 g of extract, and transfer the shells and contents to a suita-

3 200 ble container. Transfer 100 mg, to a pressure-proof screw-
capped vial, and add 3.0 mL of a solution of sulfuric acid in13 300
methanol (5 in 100). Heat in an oil bath at 100° for 2 h,48 300
shaking from time to time. Allow to cool, and add 1.0 mL ofInjection port — 325
Internal standard solution, 10.0 mL of water, 1 g of sodium

Detector — 325 chloride, and 5 mL of hexanes. Shake well, and allow the
layers to separate completely. Use the hexanes layer. [NOTE—Carrier gas:  Helium
Store this solution in a refrigerator until use.]Flow rate:  0.5 mL/min

Chromatographic systemMake up gas flow:  25 mL/min
(See Chromatography 〈621〉, System Suitabiity.)Split ratio:  1:40
Mode:  GCInjection size:  1 µL
Detector:  Flame ionizationInjection type:  Split injection system
Column:  0.25-mm × 30-m fused silica capillary columnSystem suitability
coated with a 0.25-µm film of phase G16Samples:  System suitability solution A and System suitability

solution B
[NOTE—The relative retention times for tetracosanol,
octacosanol, hexacosanol, and triacontanol are 0.89, 1.00,
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Temperature:  See the temperature program table below. Time:  15 min
Analysis:  Place 1 Capsule in each vessel, and allow the Cap-
sule to sink to the bottom of the vessel before starting rota-Time Temperature
tion of the blade. Record the time it takes for each Capsule(min)  (°)
shell to rupture.

Detector — 300 Tolerances:  The requirements are met if all of the Capsules
Injection port — 250 rupture in NMT 15 min. If 1 or 2 of the Capsules rupture in
Column 0 120 more than 15 min but NMT 30 min, repeat the test on 12

3 120 additional Capsules. NMT 2 of the 18 Capsules tested rupture
in more than 15 min but NMT 30 min.▲USP345 220

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the17 220
requirements

Carrier gas:  Helium
SPECIFIC TESTSFlow rate:  1 mL/min • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-Injection size:  1 µL

PLEMENTS 〈2021〉:  Capsules meet the requirements of theSystem suitability
tests for absence of Salmonella species, Escherichia coli, andSample:  Standard solution
Staphylococcus aureus. The total bacterial count does not ex-[NOTE—The relative retention times for methyl caproate,
ceed 104 cfu/g, the total combined molds and yeasts countmethyl caprylate, methyl caprate, methyl laurate,
does not exceed 103 cfu/g, the coliform count does not ex-nonadecane (internal standard), methyl myristate, methyl
ceed 102 cfu/g, and the count for enterobacteria does notpalmitate, methyl palmitoleate, methyl stearate, methyl ole-
exceed 102 cfu/g.ate, methyl linoleate, and methyl linolenate are about 0.39,

0.56, 0.76, 0.94, 1.0, 1.1, 1.3, 1.35, 1.65, 1.7, 1.8, and ADDITIONAL REQUIREMENTS
2.0, respectively.] • PACKAGING AND STORAGE:  Preserve in tight, light-resistant

Suitability requirements containers.
Resolution:  NLT 1.5 between the methyl stearate and • LABELING:  The label states the Latin binomial and, following
methyl oleate peaks the official name, the name of article from which the Capsules

Tailing factor:  NMT 2.0 for each of the methyl ester were prepared. Label it to indicate the amount of Extract in
peaks mg/Capsule.

Relative standard deviation:  NMT 5.0% for each of the • USP REFERENCE STANDARDS 〈11〉
methyl ester peaks USP Hexacosanol RS

Analysis USP Methyl Caprate RS
Samples:  Standard solution and Sample solution USP Methyl Caproate RS
Calculate the quantity, in mg, of lauric acid, myristic acid, USP Methyl Caprylate RS
and caprylic acid in the portion of Capsules taken: USP Methyl Laurate RS

USP Methyl Linoleate RSResult = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100 USP Methyl Linolenate RS
USP Methyl Myristate RSRU = ratio of the response of the relevant methyl ester
USP Methyl Oleate RSpeak and the internal standard peak from the
USP Methyl Palmitate RSSample solution
USP Methyl Palmitoleate RSRS = ratio of the response of the relevant methyl ester
USP Methyl Stearate RSpeak and the internal standard peak from the
USP β-Sitosterol RSStandard solution

CS = concentration of the respective methyl ester in
the Standard solution (mg/mL)

CU = nominal concentration of the extract in the Sam- BRIEFINGple solution (mg/mL)
Mr1 = molecular weight of the relevant fatty acid
Mr2 = molecular weight of the relevant fatty acid meth-

Soy Isoflavones Capsules,  USP 32 page 1076—See briefingyl ester
under Arginine Capsules.Calculate the individual ratios of the concentration of lauric

acid to caprylic acid and of lauric acid to myristic acid in
the portion of Capsules taken.

Acceptance criteria:  NLT 22.0% of lauric acid is found. The (DS-PS: N. Davydova.) RTS—C82092
ratio of the lauric acid to myristic acid is 2.2–2.8.

PERFORMANCE TESTS
Soy Isoflavones Capsules

Add the following:
DEFINITION
Soy Isoflavones Capsules contain Powdered Soy Isoflavones Ex-

▲• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS tract. Capsules contain NLT 90.0% and NMT 110.0% of the
〈2040〉:  Meet the requirements for Rupture Test for Soft Shell labeled amount of the Extract, represented by the sum of the
Capsules▲USP34 content of the isoflavones daidzin, glycitin, genistin, and one or

more of the following isoflavones: malonyl daidzin, malonyl
glycitin, malonyl genistin, acetyl daidzin, acetyl glycitin, acetylDelete the following:
genistin, daidzein, glycitein, and genistein.

IDENTIFICATION▲• RUPTURE
• The retention times of the daidzin, glycitin, and genistin peaksMedium:  Simulated gastric fluid TS; 500 mL

from the Sample solution correspond to those of Standard solu-Apparatus 2:  50 rpm (See Disintegration and Dissolution of
tions A–E, as obtained in the Assay.Dietary Supplements 〈2040〉, Apparatus).
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STRENGTH Time Solution A Solution B
• CONTENT OF ISOFLAVONES  (min) (%) (%)

Diluent:  Acetonitrile and water (2:3) 60.5 10 90
Internal standard solution:  2.0 mg/mL of USP Apigenin RS 63.5 10 90
in dimethyl sulfoxide. [NOTE—This solution is stable for 6

64 90 10months when stored in a tightly closed, light-resistant glass
74 90 10container at room temperature.]

System suitability solution 1:  Heat 1 g of USP Defatted Pow- Chromatographic systemdered Soy RS in a shallow porcelain dish at 120° for 120 min, (See Chromatography 〈621〉, System Suitability.)and transfer to a centrifuge tube, fitted with a PTFE or poly- Mode:  LCethylene-lined screw cap. Add the following in exact volumes: Detector:  UV 260 nm0.5 mL of Internal standard solution, 10 mL of acetonitrile Column:  3.0-mm × 25-cm; 5-µm packing L1(swirl to disperse), and 6.0 mL of water. Cap, shake on an Temperature:  40°orbital or wrist-action shaker for 60 min, add 8.5 mL of water, Flow rate:  0.65 mL/minand centrifuge. Pass a portion of the supernatant through a Injection size:  5 µLhydrophilic propylene or PVDF membrane having a 0.45-µm [NOTE—System suitability 1 and System suitability 2 must bothor finer porosity, discarding the first 5 mL of filtrate. be met.]System suitability solution 2:  Transfer 1 g of USP Defatted System suitability 1Powdered Soy RS to a centrifuge tube, fitted with a PTFE or Sample:  Standard solution Cpolyethylene-lined screw cap. Add the following in exact Suitability requirementsvolumes: 0.5 mL of Internal standard solution, 10 mL of Reference chromatogram:  The chromatogram from Stan-acetonitrile (swirl to disperse), and 6.0 mL of water. Cap, dard solution C is similar to that provided with the USP Soyshake on an orbital or wrist-action shaker for 60 min, add 8.5 Isoflavone RS.mL of water, and centrifuge. Pass a portion of the supernatant Tailing factor:  NLT 0.8 and NMT 1.2 for daidzin, Standardthrough a hydrophilic propylene or PVDF membrane having a solution C0.45-µm or finer porosity, discarding the first 5 mL of filtrate. Relative standard deviation:  NMT 2.0% for genistin,[NOTE—All Standard solutions and Standard stock solutions are Standard solution Cstable for 2 months when stored in a tightly closed, light- System suitability 2resistant glass container at room temperature.] Samples:  System suitability solution 1 and System suitabilityStandard stock solution:  Contains the following in dimethyl solution 2sulfoxide: 2.0 mg/mL of USP Daidzin RS, 0.5 mg/mL of USP Suitability requirementsGlycitin RS, and 2.0 mg/mL of USP Genistin RS, 0.2 mg/mL of Resolution:  NLT 1.0 between acetyl glycitin and malonylUSP Daidzein RS, 0.2 mg/mL of USP Glycitein RS, and 0.2 genistin, and NLT 2.0 between any other consecutive pairmg/mL of USP Genistein RS of isoflavone peaksStandard solution A:  Add 0.5 mL of Standard stock solution Reference chromatogram:  The chromatograms from Sys-and 0.5 mL of Internal standard solution to a 25-mL volumetric tem suitability solution 1 and System suitability solution 2 areflask, and dilute with Diluent to volume. similar to those provided with the USP Defatted PowderedStandard solution B:  Add 1.0 mL of Standard stock solution Soy RS.and 0.5 mL of Internal standard solution to a 25-mL volumetric Analysisflask, and dilute with Diluent to volume. Samples:  Standard solution A, Standard solution B, StandardStandard solution C:  Add 1.5 mL of Standard stock solution solution C, Standard solution D, Standard solution E, and Sam-and 0.5 mL of Internal standard solution to a 25-mL volumetric ple solutionflask, and dilute with Diluent to volume. Measure the peak areas of the analytes and the internal stan-Standard solution D:  Add 2.0 mL of Standard stock solution dard. Determine the ratio of the peak areas of each analyteand 0.5 mL of Internal standard solution to a 25-mL volumetric to the internal standard peak area. Plot the ratios of theflask, and dilute with Diluent to volume. relevant peak responses versus the concentrations, in mg/Standard solution E:  Add 2.5 mL of Standard stock solution mL, of each analyte from Standard solutions A–E, and deter-and 0.5 mL of Internal standard solution to a 25-mL volumetric mine the regression line by least squares analysis. The corre-flask, and dilute with Diluent to volume. lation coefficient for each of the regression lines is NLTSample solution:  Transfer an equivalent to NMT 5 mg of 0.999. From the graphs, determine the concentration, C, inisoflavones, from powdered or homogenized Capsules, to a mg/mL, of the relevant analyte in the Sample solution.30-mL glass centrifuge tube, fitted with a PTFE or polyethyl- Step 1:  Separately calculate the percentages of daidzin,ene-lined screw cap. [NOTE—Hard-gelatin Capsules should be glycitin, and genistin, and of daidzein, glycitein, and genis-powdered and soft-gelatin Capsules homogenized before use tein, if present, in the portion of Capsules taken:in this solution. Add the following in exact volumes: 0.5 mL of
Internal standard solution, 10 mL of acetonitrile (swirl to dis- Result = (C/W) × V × 100
perse), and 6.0 mL of water. Cap, shake on an orbital or
wrist-action shaker for 60 min, add 8.5 mL of water, and cen- C = concentration of each isoflavone as determined
trifuge. Pass a portion of the supernatant through a hydro- above, for the Sample solution (mg/mL)
philic propylene or PVDF membrane having a 0.45-µm or W = weight of Capsules taken to prepare the Sample
finer porosity, discarding the first 5 mL of filtrate.][NOTE—Do solution (mg)
not use nylon filters. Analyze samples containing significant V = final solution volume of the Sample solution (mL)
amounts of acetyl and/or malonyl isoflavones within 4 h of Identify the peaks of malonyl daidzin, malonyl glycitin, acetyl
preparation.] daidzin, acetyl glycitin, malonyl genistin, and acetyl genistin

Solution A:  0.05% phosphoric acid in water in the chromatograms of System suitability solution 1 and
Solution B:  Acetonitrile System suitability solution 2 by comparison with the refer-
Mobile phase:  See the gradient table below. ence chromatograms provided with USP Defatted Powdered

Soy RS. From the graphs for daidzin, glycitin, and genistin,
determine the corresponding concentration, C, in mg/mL,Time Solution A Solution B
of the malonyl and acetyl derivatives, if present, in the Sam- (min) (%) (%)
ple solution.0 90 10

Step 2:  Separately calculate the percentages of malonyl60 70 30
daidzin, acetyl daidzin, malonyl glycitin, acetyl glycitin,
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malonyl genistin, and acetyl genistin in the portion of Cap- Soy Isoflavones Tablets
sules taken:

DEFINITIONResult = (C/W) × V × F × 100 Soy Isoflavones Tablets contain Powdered Soy Isoflavones Extract.
Tablets contain NLT 90.0% and NMT 110.0% of the labeledC = concentration of each isoflavone as determined
amount of the Extract, represented by the sum of the contentabove, for the Sample solution (mg/mL)
of the isoflavones daidzin, glycitin, genistin, and one or moreW = weight of powdered Capsules taken to prepare
of the following isoflavones: malonyl daidzin, malonyl glycitin,the Sample solution (mg)
malonyl genistin, acetyl daidzin, acetyl glycitin, acetyl genistin,V = final solution volume of the Sample solution (mL)
daidzein, glycitein, and genistein.F = conversion factor (1.207 for malonyl daidzin,

1.101 for acetyl daidzin, 1.193 for malonyl IDENTIFICATION
glycitin, 1.094 for acetyl glycitin, 1.199 for • The retention times of the daidzin, glycitin, and genistin peaks
malonyl genistin, and 1.097 for acetyl genistin) from the Sample solution correspond to those of the Standard

Calculate the content, in percentage, of isoflavones in the solutions (A–E), as obtained in the test for Content of
portion of the Capsules taken by adding the percentages Isoflavones.
calculated for all analytes present in Step 1 and Step 2.

Acceptance criteria:  90.0%–110.0% STRENGTH
• CONTENT OF ISOFLAVONES

PERFORMANCE TESTS Diluent:  Acetonitrile and water (2:3)
Internal standard solution:  2.0 mg/mL of USP Apigenin RS
in dimethyl sulfoxide. [NOTE—This solution is stable for 6Change to read:
months when stored in a tightly closed, light-resistant glass
container at room temperature.]

• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS System suitability solution 1:  Heat 1 g of USP Defatted Pow-
〈2040〉:  Meets the requirements under Botanical Dosage dered Soy RS in a shallow porcelain dish at 120° for 120 min,
Forms  ▲for Disintegration▲USP34 and transfer to a centrifuge tube, fitted with PTFE or polyeth-

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meets the ylene-lined screw caps. Add the following in exact volumes:
requirements 0.5 mL of Internal standard solution, 10 mL of acetonitrile

(swirl to disperse), and 6.0 mL of water. Cap, shake on an
SPECIFIC TESTS orbital or wrist-action shaker for 60 min, add 8.5 mL of water,
• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP- and centrifuge. Pass a portion of the supernatant through a

PLEMENTS 〈2021〉 hydrophilic propylene or PVDF membrane having a 0.45-µm
Total aerobic microbial count:  NMT 104 cfu/g or finer porosity, discarding the first 5 mL of filtrate.
Total combined molds and yeasts count:  NMT 103 cfu/g System suitability solution 2:  Transfer 1 g of USP Defatted

• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO- Powdered Soy RS to a centrifuge tube, fitted with PTFE or
ORGANISMS—NUTRITIONAL AND DIETARY SUPPLEMENTS, Absence of polyethylene-lined screw caps. Add the following in exact
Specified Microorganisms 〈2022〉:  It meets the requirements of volumes: 0.5 mL of Internal standard solution, 10 mL of
the tests for absence of Salmonella species and Escherichia coli. acetonitrile (swirl to disperse), and 6.0 mL of water. Cap,

shake on an orbital or wrist-action shaker for 60 min, add 8.5ADDITIONAL REQUIREMENTS mL of water, and centrifuge. Pass a portion of the supernatant• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con- through a hydrophilic propylene or PVDF membrane having atainers, and store at room temperature. 0.45-µm or finer porosity, discarding the first 5 mL of filtrate.• LABELING:  The label states the Latin binomial and, following [NOTE—All Standard solutions (stock and A–E) are stable for 2the official name, the article from which the Capsules were months when stored in a tightly closed, light-resistant glassprepared. Label it to indicate the amount of Extract, in mg, container at room temperature.]per Capsule. Label it to indicate the percentage of isoflavones Standard stock solution:  Contains the following in dimethylin the Extract used to prepare the Capsules. sulfoxide: 2.0 mg/mL of USP Daidzin RS, 0.5 mg/mL of USP• USP REFERENCE STANDARDS 〈11〉 Glycitin RS, 2.0 mg/mL of USP Genistin RS, 0.2 mg/mL of USPUSP Apigenin RS Daidzein RS, 0.2 mg/mL of USP Glycitein RS, and 0.2 mg/mLUSP Daidzein RS of USP Genistein RSUSP Daidzin RS Standard solution A:  Add 0.5 mL of Standard stock solutionUSP Defatted Powdered Soy RS and 0.5 mL of Internal standard solution to a 25-mL volumetricUSP Genistein RS flask, and dilute with Diluent to volume.USP Genistin RS Standard solution B:  Add 1.0 mL of Standard stock solutionUSP Glycitein RS and 0.5 mL of Internal standard solution to a 25-mL volumetricUSP Glycitin RS flask, and dilute with Diluent to volume.
Standard solution C:  Add 1.5 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL volumetric
flask, and dilute with Diluent to volume.BRIEFING

Standard solution D:  Add 2.0 mL of Standard stock solution
and 0.5 mL of Internal standard solution to a 25-mL volumetric
flask, and dilute with Diluent to volume.

Soy Isoflavones Tablets,  USP 32 page 1076. See briefing Standard solution E:  Add 2.5 mL of Standard stock solution
under Arginine Capsules. and 0.5 mL of Internal standard solution to a 25-mL volumetric

flask, and dilute with Diluent to volume.
Sample solution:  Transfer an equivalent to NMT 5 mg of
isoflavones, from powdered Tablets, to a 30-mL glass centri-(DS-PS: N. Davydova.) RTS—C82092
fuge tube, fitted with a PTFE or polyethylene-lined screw cap.
Add the following in exact volumes: 0.5 mL of Internal stan-
dard solution, 10 mL of acetonitrile (swirl to disperse), and 6.0
mL of water. Cap, shake on an orbital or wrist-action shaker
for 60 min, add 8.5 mL of water, and centrifuge. Pass a por-
tion of the supernatant through a hydrophilic propylene or
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PVDF membrane having a 0.45-µm or finer porosity, discard- Step 2:  Identify the peaks of malonyl daidzin, malonyl glyci-
ing the first 5 mL of filtrate. [NOTE—Do not use nylon filters. tin, acetyl daidzin, acetyl glycitin, malonyl genistin, and ace-
Analyze samples containing significant amounts of acetyl tyl genistin in the chromatograms of System suitability solu-
and/or malonyl isoflavones within 4 h of preparation.] tion 1 and System suitability solution 2 by comparison with

Solution A:  0.05% phosphoric acid in water the Reference Chromatograms provided with the USP Defat-
Solution B:  Acetonitrile ted Powdered Soy RS. From the graphs obtained for daidzin,
Mobile phase:  See the gradient table below. glycitin, and genistin, determine the corresponding concen-

tration, C, in mg/mL, of the malonyl and acetyl derivatives, if
present, in the Sample solution.Time Solution A Solution B
Separately calculate the percentages of malonyl daidzin, ace-(min) (%)  (%)
tyl daidzin, malonyl glycitin, acetyl glycitin, malonyl genis-

0 90 10 tin, and acetyl genistin in the portion of Tablets taken:
60 70 30

60.5 10 90 Result = (C/W) × V × F × 100
63.5 10 90

C = concentration of each isoflavone as determined64 90 10
above, for the Sample solution (mg/mL)

74 90 10 W = weight of Tablets taken to prepare the Sample
solution (mg)Chromatographic system

V = final solution volume of the Sample solution (mL)(See Chromatography 〈621〉, System Suitability.)
F = conversion factor (1.207 for malonyl daidzin,Mode:  LC

1.101 for acetyl daidzin, 1.193 for malonylDetector:  UV 260 nm
glycitin, 1.094 for acetyl glycitin, 1.199 forColumn:  3.0-mm × 25-cm; 5-µm packing L1
malonyl genistin, and 1.097 for acetyl genistin)Temperature:  40°

 Calculate the percentage of isoflavones in the portion ofFlow rate:  0.65 mL/min
Tablets taken by adding the percentages calculated for allInjection size:  5 µL
analytes present in Step 1 and Step 2.[NOTE—System suitability 1 and System suitability 2 must both

Acceptance criteria:  90.0%–110.0% of the labeled amountbe met.]
of ExtractSystem suitability 1

Sample:  Standard solution C PERFORMANCE TESTS
Suitability requirements

Reference chromatogram:  The chromatogram obtained
Change to read:from Standard solution C is similar to that provided with

the USP Soy Isoflavone RS.
Tailing factor:  NLT 0.8 and NMT 1.2 for daidzin

• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTSRelative standard deviation:  NMT 2.0% for genistin
〈2040〉:  Meet the requirements  ▲Meet the requirements forSystem suitability 2
Disintegration▲USP34Samples:  System suitability solution 1 and System suitability

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet thesolution 2
requirementsSuitability requirements

Resolution:  NLT 1.0 between acetyl glycitin and malonyl SPECIFIC TESTSgenistin, and NLT 2.0 between any other consecutive pair • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-of isoflavone peaks
PLEMENTS 〈2021〉Reference chromatogram:  The chromatograms obtained Total aerobic microbial count:  NMT 104 cfu/gfrom System suitability solution 1 and System suitability solu- Total combined molds and yeasts count:  NMT 103 cfu/gtion 2 are similar to those provided with the USP Defatted • MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-Powdered Soy RS.
ORGANISMS—NUTRITIONAL AND DIETARY SUPPLEMENTS 〈2022〉:  ItAnalysis meets the requirements of the tests for absence of SalmonellaSamples:  Standard solution A, Standard solution B, Standard species and Escherichia coli.solution C, Standard solution D, Standard solution E, and Sam-

ple solution ADDITIONAL REQUIREMENTS
Measure the peak areas of the analytes and the internal stan- • PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-
dard. Determine the ratio of the peak areas of each analyte tainers, and store at room temperature.
to the internal standard peak area. Plot the ratios of the • LABELING:  The label states the Latin binomial and, following
relevant peak responses versus the concentrations, in mg/ the official name, the article from which the Tablets were pre-
mL, of each analyte obtained from Standard solutions A–E, pared. Label it to indicate the amount of Extract/Tablet (in
and determine the regression line by least squares analysis. mg). Label it to indicate the content, in percentage, of
The correlation coefficient for each of the regression lines is isoflavones in the Extract used to prepare the Tablets.
NLT 0.999. From the graphs so obtained, determine the • USP REFERENCE STANDARDS 〈11〉
concentration, C, in mg/mL, of the relevant analyte in the USP Apigenin RS
Sample solution. USP Daidzein RS

Step 1:  Separately calculate the percentages of daidzin, USP Daidzin RS
glycitin, and genistin, and of daidzein, glycitein, and genis- USP Defatted Powdered Soy RS
tein, if present, in the portion of Tablets taken: USP Genistein RS

USP Genistin RS
Result = (C/W) × V × 100 USP Glycitein RS

USP Glycitin RSC = concentration of each isoflavone as determined
above, for the Sample solution (mg/mL)

W = weight of Tablets taken to prepare the Sample
solution (mg)

V = final solution volume of the Sample solution (mL)
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BRIEFING Add 25.0 mL of methanol, shake to disperse the powder, soni-
cate for 10 min, and centrifuge. Use the clear supernatant.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)Valerian Tablets,  USP 32 page 1083—See briefing under Argi-
Mode:  LCnine Capsules.
Detector:  UV 225 nm
Column:  4.6-mm × 25-cm; packing L1
Temperature:  30°

(DS-PS: N. Davydova.) RTS—C82092 Flow rate:  1.5 mL/min
Injection size:  20 µL

System suitability
Sample:  System suitability solutionValerian Tablets Suitability requirements

Capacity factor, k′:  NLT 5, determined from valerenic acid
DEFINITION Tailing factor:  NMT 2.0 for valerenic acid
Valerian Tablets contain Powdered Valerian Extract and contain Relative standard deviation:  NMT 2.0% for valerenic acid

NLT 90.0% and NMT 120.0% of the labeled amount of Pow- Analysis
dered Valerian Extract, calculated as valerenic acid (C15H22O2). Samples:  Standard solution and Sample solution

Calculate the percentage of label claim of C15H22O2 in the
IDENTIFICATION portion of Tablets taken:
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

Standard solution:  0.5 mg/mL each of USP Fluorescein RS Result = (rU/rS) × (CS/CU) × 100
and USP Valerenic Acid RS, in methanol

Sample solution:  Transfer an equivalent to 100 mg of Pow- rU = peak response from the Sample solution
dered Valerian Extract, from finely powdered Tablets (NLT 10), rS = peak response from the Standard solution
to a suitable flask. Add 5 mL of water and 3 mL of a 10% CS = concentration of USP Valerenic Acid RS in the
aqueous solution of potassium hydroxide, extract this mixture Standard solution (µg/mL)
with two 5-mL portions of methylene chloride, and discard CU = nominal concentration of valerenic acid in the
the organic phase. Heat the aqueous phase on a water bath at Sample solution (µg/mL)
40° for 10 min, cool, acidify with 7% hydrochloric acid, and Acceptance criteria:  90.0%–120.0%
extract this solution with two 5-mL portions of methylene

PERFORMANCE TESTSchloride. Dry the organic phase over anhydrous sodium sul-
fate, filter, evaporate the filtrate to dryness, and dissolve the
residue in 1.0 mL of methylene chloride. Change to read:

Adsorbent:  0.5-mm layer of chromatographic silica gel
mixture

Application volume • DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS
Standard solution:  10 µL 〈2040〉:  Meet the requirements for Disintegration with respect
Sample solution:  20 µL, in a 2-cm band to botanical dosage forms▲

▲USP34
Developing solvent system:  Solvent hexane, ethyl acetate, • WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the
and glacial acetic acid (65:35:0.5) requirements

Spray reagent:  Mix 0.5 mL of anisaldehyde with 10 mL of
SPECIFIC TESTSglacial acetic acid, 85 mL of methanol, and 5 mL of sulfuric
• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-acid, added in the sequence specified.

PLEMENTS 〈2021〉:  Meet the requirements of the tests for ab-Analysis
sence of Salmonella species and Escherichia coli. The total aero-Samples:  Standard solution and Sample solution
bic microbial count does not exceed 10,000 cfu/g, and theSpray the plate with Spray reagent. Heat the plate in an oven
total combined molds and yeasts count does not exceed 1000at 105° for 10 min, and examine the plate under white
cfu/g.light.

Acceptance criteria:  The Standard solution chromatogram
ADDITIONAL REQUIREMENTSshows a violet zone due to valerenic acid at an RF value of 0.4,
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-and a yellow zone due to fluorescein at an RF value of 0.1.

tainers, and store at room temperature.The Sample solution chromatogram shows a violet zone due to
• LABELING:  The label states the Latin binomial and, followingvalerenic acid at an RF value of 0.4, and a blue-violet zone due

the official name, the article from which the Tablets were pre-to hydroxyvalerenic acid at an RF value of 0.12, just above the
pared. The label also indicates the quantity, in mg, of Pow-yellow zone in the Standard solution. The Sample solution chro-
dered Valerian Extract per Tablet and the content, in mg, ofmatogram may show other colored zones at RF values lower
valerenic acid per 100 mg of Powdered Valerian Extract.than those of valerenic acid.

• USP REFERENCE STANDARDS 〈11〉• B.  The retention time for valerenic acid from the Sample solu-
USP Fluorescein RStion corresponds to that from the Standard solution, as ob-
USP Valerenic Acid RStained in the test for Content of Valerenic Acid.

STRENGTH
• CONTENT OF VALERENIC ACID

BRIEFINGMobile phase:  Methanol and water (77:27). Add 0.5 mL of
phosphoric acid to each 100 mL of the mixture.

System suitability solution:  24 µg/mL of USP Valerenic Acid
RS in methanol Oil-Soluble Vitamins Capsules,  USP 32 page 1084—See

Standard solution:  3.5 µg/mL of USP Valerenic Acid RS in briefing under Arginine Capsules.
methanol

Sample solution:  Weigh NLT 20 Tablets, and pulverize with a
mortar and pestle. Transfer a portion of the powder, nominally (DS-PS: N. Davydova.) RTS—C82092equivalent to 0.09 mg of valerenic acid, to a suitable flask.
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Mode:  LCOil-Soluble Vitamins Capsules
Detector:  UV 325 nm
Column:  4.6-mm × 15-cm; 3-µm packing L8DEFINITION
Flow rate:  1 mL/minOil-Soluble Vitamins Capsules contain two or more of the follow-
Injection size:  40 µLing oil-soluble vitamins: Vitamin A, Vitamin D as Ergocalciferol

System suitability(Vitamin D2) or Cholecalciferol (Vitamin D3), Vitamin E,
Sample:  System suitability solutionPhytonadione (Vitamin K1), and Beta Carotene. Capsules con-
Suitability requirementstain NLT 90.0% and NMT 165.0% of the labeled amounts of

Resolution:   NLT 10 between retinyl acetate and retinylvitamin A (C20H30O) as retinol or esters of retinol in the form of
palmitateretinyl acetate (C22H32O2) or retinyl palmitate (C36H60O2); vita-

Relative standard deviation:  NMT 3.0%min D as cholecalciferol (C27H44O) or ergocalciferol (C28H44O);
Analysisvitamin E as alpha tocopherol (C29H50O2), alpha tocopheryl ace-
Samples:  Standard solution and Sample solutiontate (C31H52O3), or alpha tocopheryl acid succinate (C33H54O5); Measure the peak area for retinyl acetate obtained from thephytonadione (C31H46O2); and beta carotene (C40H56). Standard solution and the peak area for retinyl acetate orOil-Soluble Vitamins Capsules contain no other vitamins or any

retinyl palmitate in the Sample solution. For products con-minerals. They may contain other labeled added substances
taining vitamin A acetate or vitamin A palmitate, calculatethat are generally recognized as safe, in amounts that are
the percentage of vitamin A as the retinol equivalentunobjectionable.
(C20H30O) in the portion of Capsules taken:

STRENGTH
Result = (rU/rS) × (CS/CU) × F × 100[NOTE—In the following assays, where more than one assay

method is given for an individual ingredient, the requirements
rU = peak area of the all-trans retinyl ester from themay be met by following any one of the specified methods, the

Sample solutionmethod used being stated in the labeling only if Method 1 is not
rS = peak area of the all-trans retinyl ester from theused.]

Standard solution• VITAMIN A, Method 1
CS = concentration of USP Vitamin A RS in the Stan-[NOTE—Where the use of a vitamin A ester (retinyl acetate or

dard solution (mg/mL)retinyl palmitate) is specified in the following procedure, use
CU = concentration of the Sample solution (mg/mL)the chemical form present in the formulation. USP Vitamin A
F = factor used to convert retinyl acetate, from USPRS is all-trans retinyl acetate. It is to be used where USP

Vitamin A RS, to its retinol equivalent, 0.872Vitamin A RS is specified. Use low-actinic glassware through-
[NOTE—The molar responses of retinyl acetate and retinyl pal-out this procedure.]
mitate are equivalent.]Mobile phase:  n-Hexane

Acceptance criteria:  90.0%–165.0% of the labeled amountStandard solution:  15 µg/mL of retinyl acetate from USP Vi-
of vitamin A (C20H30O) as retinol or esters of retinol in thetamin A RS in n-hexane
form of retinyl acetate (C22H32O2) or retinyl palmitateSystem suitability stock solution:  15 µg/mL of retinyl palmi-
(C36H60O2)tate in n-hexane

• VITAMIN A, Method 2System suitability solution:  Mix equal volumes of the System
[NOTE—Where a vitamin A ester (retinyl acetate or retinyl pal-suitability stock solution and the Standard solution to obtain
mitate) is indicated in the following procedure, use theconcentrations of 7.5 µg/mL each of retinyl acetate and retinyl
chemical form present in the formulation. USP Vitamin A RSpalmitate.
is all-trans retinyl acetate. It is to be used where USP VitaminSample solution:  Transfer the contents of NLT 20 Capsules to
A RS is specified. Use low-actinic glassware throughout thisa suitable container, mix, and weigh. Transfer a portion of the
procedure.]mixture, equivalent to 5 Capsules, to a container having a

3 N methanolic sulfuric acid solution:  Cautiously add 9 mLpolytef-lined screw cap. [NOTE—For hard gelatin Capsules, re-
of sulfuric acid to 80 mL of methanol in a 100-mL volumetricmove, as completely as possible, the contents of NLT 20 Cap-
flask. Cool, and dilute with methanol to volume.sules by cutting open the Capsule shells, transferring the shells

Sodium ascorbate–pyrogallol solution:  Transfer 10 g of so-and their contents to a suitable container, and triturating to a
dium ascorbate and 5 g of pyrogallol to a 100-mL volumetrichomogeneous mass. Transfer a portion of the mass, equivalent
flask, and add sufficient water to dissolve. Add 1.7 mL of sul-to 5 Capsules, to a container having a polytef-lined screw
furic acid, and dilute with water to volume.cap.] Add 10 mL of dimethyl sulfoxide and 15 mL of n-hex-

Lecithin solution:  5 mg/mL of lecithin in 2,2,4-ane, and shake for 45 min on a wrist-action shaker in a water
trimethylpentanebath maintained at 60°. [NOTE—Set up the wrist-action shaker

Mobile phase:  n-Hexane and ethyl acetate (99.7:0.3)to ensure that the contents of the container are mixed vigor-
Standard solution:  15 µg/mL of retinyl acetate from USP Vi-ously and thoroughly.] Centrifuge at 3000 rpm for 10 min,
tamin A RS in 2,2,4-trimethylpentaneand transfer the hexane layer by means of a pipet to a 100-

System suitability stock solution:  15 µg/mL of retinyl palmi-mL volumetric flask. Add 15 mL of n-hexane to the dimethyl
tate in 2,2,4-trimethylpentanesulfoxide layer, shake thoroughly for 5 min, and transfer the

System suitability solution:  Mix equal volumes of the Systemhexane layer by means of a pipet to the 100-mL volumetric
suitability stock solution and the Standard solution to obtainflask. Repeat this extraction with three additional 15-mL por-
concentrations of 7.5 µg/mL each of retinyl acetate and retinyltions of n-hexane. Dilute the extracts in the volumetric flask
palmitate.with n-hexane to volume. Dilute a 10-mL volume of this solu-

Sample solution:  [NOTE—This preparation is suitable for thetion with n-hexane to obtain a final concentration equivalent
determination of vitamin A, vitamin D, and vitamin E, whento 15 µg/mL of retinyl acetate. Retain the remaining solution
present in the formulation.] Weigh NLT 20 Capsules in a taredfor use in the assays for vitamin D, vitamin E, and
weighing bottle. Open the Capsules, without loss of shell ma-phytonadione.
terial, and transfer the contents to a 100-mL beaker. RemoveChromatographic system
any contents adhering to the empty shells by washing with(See Chromatography 〈621〉, System Suitability.)
several portions of ether. Discard the washings, and dry the
Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calcu-
late the net weight of the Capsule contents. Transfer a
weighed portion of the Capsule contents, equivalent to 30 µg
of the cholecalciferol or ergocalciferol (vitamin D), to a
container having a polytef-lined screw cap. If vitamin D is not
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present in the formulation, use a portion equivalent to 90 mg Diluent:  Transfer 1.0 g of pyrogallol to a 100-mL volumetric
of vitamin E. If vitamin E is not present in the formulation, use flask, and add alcohol to dissolve. Dilute with alcohol to
a portion equivalent to 2.5 mg of retinyl acetate. Add 0.5 g of volume.
sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL Mobile phase:  n-Hexane and isopropyl alcohol (23:2)
of 2,2,4-trimethylpentane, and disperse on a vortex mixer. Standard stock solution:  30 µg/mL of USP Vitamin A RS in
Add 6 mL of Sodium ascorbate–pyrogallol solution, shake Diluent. [NOTE—This solution may be stored in a refrigerator
slowly, and allow the solution to degas. Continue shaking un- for 1 week.]
til the evolution of gas has ceased, and then shake for an Standard solution:  Dilute a volume of Standard stock solution
additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a with Diluent to obtain a concentration of 1 µg/mL of USP
vortex mixer to form a suspension, and shake for 12 min. Add Vitamin A RS. Transfer 10.0 mL of this solution to a stoppered
6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3
mixer to form a suspension, and shake for 12 min. Add 12.5 mL of Potassium hydroxide solution. Insert the stopper tightly,
mL of 2,2,4-trimethylpentane, mix on a vortex mixer to form shake for 15 min over a water bath maintained at 60 ± 5°,
a suspension, and shake for 10 min. Centrifuge for 10 min to and cool to room temperature. Add 7 mL of water and 25.0
break up the emulsion and to clarify the supernatant. [NOTE— mL of Extraction solvent. Insert the stopper tightly, and shake
The supernatant is used for the determination of vitamin A, vigorously for 60 s. Rinse the sides of the flask with 60 mL of
and also vitamin D and vitamin E, if present in the formula- water, and allow to stand for 10 min until the layers separate.
tion.] If necessary, quantitatively dilute a volume of the super- Withdraw a portion of the organic layer for injection into the
natant with 2,2,4-trimethylpentane to obtain a concentration chromatograph. This Standard solution contains 0.34 µg/mL of
close to that of the Standard solution. retinol.

Chromatographic system Sample solution:  Weigh NLT 20 Capsules in a tared weighing
(See Chromatography 〈621〉, System Suitability.) bottle. Open the Capsules, without loss of shell material, and
Mode:  LC transfer the contents to a 100-mL beaker. Remove any con-
Detector:  UV 325 nm tents adhering to the empty shells by washing with several
Column:  4.6-mm × 25-cm; 5-µm packing L24 portions of ether. Discard the washings, and dry the Capsule
Flow rate:  1.5 mL/min shells with the aid of a current of dry air. Weigh the empty
Injection size:  40 µL Capsule shells in the tared weighing bottle, and calculate the

System suitability net weight of the Capsule contents. Transfer a portion of the
Sample:  System suitability solution Capsule contents, equivalent to 1.5 mg of retinyl acetate, to a
Suitability requirements stoppered 125-mL flask. Add 5 mL of water, 15 mL of Diluent,

Resolution:  NLT 8.0 between retinyl acetate and retinyl and 3 mL of Potassium hydroxide solution. Insert the stopper
palmitate tightly, shake for 15 min over a water bath maintained at 60 ±

Relative standard deviation:  NMT 3.0% 5°, and cool to room temperature. Add 7 mL of water and
Analysis 25.0 mL of Extraction solvent. Insert the stopper tightly, and
Samples:  Standard solution and Sample solution shake vigorously for 60 s or longer, if necessary, for complete
Measure the peak area of retinyl acetate from the Standard extraction. Rinse the sides of the flask with 60 mL of water,
solution and the peak area of retinyl acetate or retinyl palmi- and allow to stand for 10 min until the layers separate.
tate from the Sample solution. [NOTE—Do not shake, as an emulsion may form.] Withdraw a

Calculate the percentage of vitamin A, as the retinol portion of the organic layer, and dilute quantitatively, and
(C20H30O) equivalent, in the portion of Capsules taken: stepwise if necessary, with Extraction solvent to obtain a con-

centration of 0.34 µg/mL of retinol.
Result = (rU/rS) × (CS/CU) × F × 100 Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
rU = peak response of the all-trans retinyl ester from Mode:  LC

the Sample solution Detector:  UV 335 nm
rS = peak response of the all-trans retinyl ester from Column:  6.2-mm × 8-cm; packing L3

the Standard solution Temperature:  40°
CS = concentration of USP Vitamin A RS in the Stan- Flow rate:  4 mL/min

dard solution (mg/mL) Injection size:  50 µL
CU = nominal concentration of the Sample solution System suitability

(mg/mL) Sample:  Standard solution
F = factor used to convert retinyl acetate, obtained [NOTE—The relative retention times for 13-cis retinol and all-

from USP Vitamin A RS, to its retinol trans retinol are about 0.92 and 1.0, respectively.]
equivalent, 0.872 Suitability requirements

[NOTE—The initial extraction into 26.5 mL of 2,2,4-trimethyl- Relative standard deviation:  NMT 5.0%
pentane is already accounted for in this equation. The molar Analysis
responses of retinyl acetate and retinyl palmitate are Samples:  Standard solution and Sample solution
equivalent.] Measure the peak areas for all-trans retinol and 13-cis retinol.

Acceptance criteria:  90.0%–165.0% of the labeled amount Calculate the percentage of vitamin A, as the retinol
of vitamin A (C20H30O) as retinol or esters of retinol in the (C20H30O) equivalent, in the portion of Capsules taken:
form of retinyl acetate (C22H32O2) or retinyl palmitate
(C36H60O2) Result = (rT/rS) × (CS/CU) × F × 100

• VITAMIN A, Method 3
[NOTE—Where a vitamin A ester (retinyl acetate or retinyl pal- rT = sum of the areas of the all-trans retinol and 13-
mitate) is indicated in the following procedure, use the cis retinol peaks from the Sample solution
chemical form present in the formulation. USP Vitamin A RS rS = peak area of all-trans retinyl acetate from the
is all-trans retinyl acetate. It is to be used where USP Vitamin Standard solution
A RS is specified. Use low-actinic glassware throughout this CS = concentration of USP Vitamin A RS in the Stan-
procedure.] dard solution (mg/mL)

Extraction solvent:  n-Hexane and methylene chloride (3:1) CU = nominal concentration of the Sample solution
Potassium hydroxide solution:  800 mg/mL of potassium hy- (mg/mL)
droxide in water. [NOTE—Cautiously add the potassium hy- F = factor used to convert retinyl acetate, from USP
droxide to the water, mix, and cool.] Vitamin A RS, to its retinol equivalent, 0.872

Acceptance criteria:  90.0%–165.0% of the labeled amount
of vitamin A (C20H30O) as retinol or esters of retinol in the
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form of retinyl acetate (C22H32O2) or retinyl palmitate Mode:  LC
(C36H60O2) Detector:  UV 265 nm

• CHOLECALCIFEROL OR ERGOCALCIFEROL (VITAMIN D), Method 1 Column:  4.6-mm × 25-cm; 5-µm packing L24
[NOTE—Where vitamin D (cholecalciferol or ergocalciferol) is Flow rate:  1 mL/min
specified in the following procedure, use the chemical form Injection size:  40 µL
present in the formulation and the relevant USP Reference System suitability
Standard. Use low-actinic glassware throughout this Samples:  Standard solution and System suitability solution
procedure.] Suitability requirements

Mobile phase:  n-Hexane and isopropyl alcohol (99:1) Resolution:  NLT 4.0 between the vitamin D form present
Standard solution:  2 µg/mL of USP Cholecalciferol RS or USP and its corresponding precursor, System suitability solution
Ergocalciferol RS in n-hexane Relative standard deviation:  NMT 3.0%, Standard

System suitability solution:  Heat a volume of the Standard solution
solution at 60° for 1 h to partially isomerize vitamin D (chole- Analysis
calciferol or ergocalciferol) to its corresponding precursor. Samples:  Standard solution and Sample solution

Sample solution:  Transfer a measured volume of the solution Calculate the percentage of C27H44O or C28H44O in the por-
retained as specified in the directions for Sample solution in tion of Capsules taken:
the assay for Vitamin A, Method 1 to a suitable container, and

Result = (rU/rS) × (CS/CU) × 100evaporate, if necessary, in a vacuum at room temperature to
obtain a solution having a concentration of about 2 µg/mL of

rU = peak response of cholecalciferol or ergocalciferolcholecalciferol or ergocalciferol.
from the Sample solutionChromatographic system

rS = peak response of cholecalciferol or ergocalciferol(See Chromatography 〈621〉, System Suitability.)
from the Standard solutionMode:  LC

CS = concentration of USP Cholecalciferol RS or USPDetector:  UV 265 nm
Ergocalciferol RS in the Standard solutionColumn:  4.6-mm × 15-cm; 3-µm packing L8
(mg/mL)Flow rate:  1 mL/min

CU = nominal concentration of the Sample solutionInjection size:  100 µL
(mg/mL)System suitability

Acceptance criteria:  90.0%–165.0% of the labeled amountSamples:  Standard solution and System suitability solution
of vitamin D as C27H44O or C28H44OSuitability requirements

• CHOLECALCIFEROL OR ERGOCALCIFEROL (VITAMIN D), Method 3Resolution:  NLT 10 between the vitamin D form present
[NOTE—Where vitamin D (cholecalciferol or ergocalciferol) isand its corresponding precursor, System suitability solution
specified in the following procedure, use the chemical formRelative standard deviation:  NMT 3.0%, Standard
present in the formulation and the relevant USP Referencesolution
Standard. Use low-actinic glassware throughout thisAnalysis
procedure.]Samples:  Standard solution and Sample solution

Dilute acetic acid:  Transfer 10 mL of glacial acetic acid to aCalculate the percentage of C27H44O or C28H44O in the por-
100-mL volumetric flask, and dilute with water to volume.tion of Capsules taken:

Phenolphthalein solution:  10 mg/mL of phenolphthalein in
alcoholResult = (rU/rS) × (CS/CU) × F × 100

Potassium hydroxide solution:  Slowly dissolve 14 g of potas-
rU = peak height for cholecalciferol or ergocalciferol sium hydroxide in a mixture of 31 mL of dehydrated alcohol

from the Sample solution and 5 mL of water. Prepare fresh daily.
rS = peak height for cholecalciferol or ergocalciferol Extraction solvent:  Methylene chloride and isopropyl alcohol

from the Standard solution (99.8:0.2)
CS = concentration of USP Cholecalciferol RS or USP Mobile phase:  Acetonitrile and methanol (91:9)

Ergocalciferol RS in the Standard solution Standard stock solution:   0.2 mg/mL of USP Cholecalciferol
(mg/mL) RS or USP Ergocalciferol RS in dehydrated alcohol. [NOTE—

CU = nominal concentration of the Sample solution Prepare fresh every 4 weeks. Store in a freezer.]
(mg/mL) Standard solution

F = correction factor to account for the average [NOTE—Condition the solid-phase extraction column specified
amount of previtamin D present in the formu- for use in the Standard solution and the Sample solution by
lation, 1.09 initially washing the column with 4.0 mL of a mixture of

Acceptance criteria:  90.0%–165.0% of the labeled amount methylene chloride and isopropyl alcohol (4:1), followed by
of vitamin D as C27H44O or C28H44O 5.0 mL of Extraction solvent. Do not allow the column to

• CHOLECALCIFEROL OR ERGOCALCIFEROL (VITAMIN D), Method 2 dry.]
[NOTE—Where vitamin D (cholecalciferol or ergocalciferol) is Dilute a volume of Standard stock solution with dehydrated
specified in the following procedure, use the chemical form alcohol to obtain a concentration of 5 µg/mL of USP Chole-
present in the formulation and the relevant USP Reference calciferol RS or USP Ergocalciferol RS. [NOTE—Prepare this so-
Standard. Use low-actinic glassware throughout this lution fresh daily.] Transfer 2.0 mL of this solution to a stop-
procedure.] pered 125-mL flask. Add 15.0 mL of water and 15.0 mL of

3 N methanolic sulfuric acid solution, Sodium as- Potassium hydroxide solution, insert the stopper, and shake for
corbate–pyrogallol solution, Lecithin solution, and Sample 30 min in a water bath maintained at 60°. Allow to cool to
solution:  Proceed as directed in the assay for Vitamin A, room temperature and transfer the contents of the flask to a
Method 2. 250-mL separatory funnel. Add 15.0 mL of water to the flask,

Mobile phase:  n-Hexane and tertiary butyl alcohol insert the stopper, shake vigorously, and transfer this solution
(98.75:1.25) to the separatory funnel. Rinse the flask with 60 mL of n-

Standard solution:  1 µg/mL of USP Cholecalciferol RS or USP hexane and transfer the rinsing to the separatory funnel. In-
Ergocalciferol RS in 2,2,4-trimethylpentane sert the stopper, shake vigorously for 90 s, and allow to

System suitability solution:  Heat a volume of the Standard stand for 15 min until the layers separate. Drain and discard
solution at 60° for 1 h to partially isomerize vitamin D (chole- the aqueous layer. Add 15.0 mL of water to the hexane layer
calciferol or ergocalciferol) to its corresponding precursor. in the separatory funnel, insert the stopper, and shake vigor-

Chromatographic system ously. Allow to stand for 10 min until the layers separate,
(See Chromatography 〈621〉, System Suitability.) and discard the aqueous layer. Add 1 drop of Phenolphthalein

solution and 15.0 mL of water to the separatory funnel. Add
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Dilute acetic acid dropwise, with shaking, until the washing is Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with
neutral. Allow to stand for 10 min until the layers separate. the aid of sonication if necessary, and dilute with methanol to
Drain and discard the aqueous layer. Filter the hexane layer volume. [NOTE—Store this solution in a refrigerator.]
through anhydrous sodium sulfate supported by a small Sample solution:  Transfer NLT 20 mL of the solution retained
pledget of cotton into a 100-mL round-bottom flask. Rinse as specified in the directions for Sample solution in the assay
the funnel and sodium sulfate with a few mL of n-hexane, for Vitamin A, Method 1 to a suitable container, and evaporate,
and collect the rinsings in the same flask. Evaporate the hex- if necessary, in a vacuum at room temperature to dryness.
ane in the flask on a rotary evaporator at 50° to dryness. Transfer the contents of the flask to a suitable volumetric flask
Immediately add 2.0 mL of Extraction solvent to dissolve the with the aid of methanol, and dilute with methanol to volume
residue. Transfer this solution to a freshly conditioned solid- to obtain a concentration of 2 mg/mL of alpha tocopherol,
phase extraction column containing silica packing with a sor- alpha tocopheryl acetate, or alpha tocopheryl acid succinate.
bent mass-to-column volume ratio of 500 mg to 2.8 mL or Chromatographic system
equivalent, rinse the round-bottom flask with 1.0 mL of Ex- (See Chromatography 〈621〉, System Suitability.)
traction solvent, and transfer to the column. Elute the column Mode:  LC
with 2.0 mL of Extraction solvent, and discard this fraction. Detector:  UV 254 nm
Elute the column with 7.0 mL of Extraction solvent, and col- Column:  8-mm × 10-cm; 5-µm packing L1
lect the eluate in a suitable flask. Place the flask in a warm Flow rate:  2 mL/min
water bath maintained at 42°, and evaporate the solvent Injection size:  100 µL
with the aid of a stream of nitrogen. Immediately add 2.0 System suitability
mL of acetonitrile to the residue, and use the solution for Samples:  Standard solution and System suitability solution
injection into the chromatograph. Suitability requirements

Sample solution:  Prepare as directed for Sample solution in [NOTE—The relative retention times for ergocalciferol and al-
the assay for Vitamin A, Method 3 through “calculate the net pha tocopheryl acetate are about 0.5 and 1.0, respectively,
weight of the Capsule contents“. Transfer a portion of the System suitability solution.]
Capsule contents, equivalent to 10 µg of ergocalciferol or Resolution:  NLT 12 between ergocalciferol and alpha
cholecalciferol, to a stoppered 125-mL flask, and proceed as tocopheryl acetate, System suitability solution
directed for Standard solution, beginning with “Add 15.0 mL Tailing factor:  Between 0.8–1.2, System suitability solution
of water and 15.0 mL of Potassium hydroxide solution”. Relative standard deviation:  NMT 3.0%, Standard

Chromatographic system solution
(See Chromatography 〈621〉, System Suitability.) Analysis
Mode:  LC Samples:  Standard solution and Sample solution
Detector:  UV 265 nm Calculate the percentage of C29H50O2, C31H52O3, or C33H54O5

Column:  4.6-mm × 25-cm; 5-µm packing L1 in the portion of Capsules taken:
Temperature:  27°

Result = (rU/rS) × (CS/CU) × 100Flow rate:  0.7 mL/min
Injection size:  15 µL

rU = peak area for the relevant vitamin E form fromSystem suitability
the Sample solutionSample:  Standard solution

rS = peak area for the relevant vitamin E form fromSuitability requirements
the Standard solutionRelative standard deviation:  NMT 4.0%

CS = concentration of the corresponding USP Refer-Analysis
ence Standard in the Standard solutionSamples:  Standard solution and Sample solution
(mg/mL)Calculate the percentage of C27H44O or C28H44O in the por-

CU = nominal concentration of the Sample solutiontion of Capsules taken:
(mg/mL)

Calculate the alpha tocopherol equivalent of alphaResult = (rU/rS) × (CS/CU) × F × 100
tocopheryl acetate or alpha tocopheryl acid succinate by

rU = peak height for cholecalciferol or ergocalciferol multiplying the content, in mg, by the factor 0.91 or 0.81,
from the Sample solution respectively.

rS = peak height for cholecalciferol or ergocalciferol Acceptance criteria:  90.0%–165.0% of the labeled amount
from the Standard solution of vitamin E as C29H50O2, C31H52O3, or C33H54O5

CS = concentration of USP Cholecalciferol RS or USP • VITAMIN E, Method 2
Ergocalciferol RS in the Standard solution [NOTE—Where vitamin E (alpha tocopherol, alpha tocopheryl
(µg/mL) acetate, or alpha tocopheryl acid succinate) is specified in the

CU = nominal concentration of the Sample solution following procedure, use the chemical form present in the
(mg/mL) formulation and the relevant USP Reference Standard. Use

F = correction factor to account for the average low-actinic glassware throughout this procedure.]
amount of previtamin D present in the formu- Mobile phase:  Mix 240 mL of methanol with 10 mL of water
lation, 1.09 followed by 0.5 mL of 50% phosphoric acid, and dilute with

Acceptance criteria:  90.0%–165.0% of the labeled amount acetonitrile to 1000 mL.
of vitamin D as C27H44O or C28H44O System suitability solution:  2 mg/mL each of USP Alpha To-

• VITAMIN E, Method 1 copherol RS, USP Alpha Tocopheryl Acetate RS, and USP Alpha
[NOTE—Where vitamin E (alpha tocopherol, alpha tocopheryl Tocopheryl Acid Succinate RS in methanol
acetate, or alpha tocopheryl acid succinate) is specified in the Standard solution:  2 mg/mL of USP Alpha Tocopherol RS,
following procedure, use the chemical form present in the USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
formulation and the relevant USP Reference Standard. Use Acid Succinate RS in methanol
low-actinic glassware throughout this procedure.] 3 N methanolic sulfuric acid solution:  Cautiously add 9 mL

Solution A:  Phosphoric acid and water (1:99) of sulfuric acid to 80 mL of methanol in a 100-mL volumetric
Mobile phase:  Methanol and Solution A (19:1) flask. Cool, and dilute with methanol to volume.
Standard solution:  2 mg/mL of USP Alpha Tocopherol RS, Sodium ascorbate–pyrogallol solution:  Transfer 10 g of so-
USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl dium ascorbate and 5 g of pyrogallol to a 100-mL volumetric
Acid Succinate RS in methanol flask, and add sufficient water to dissolve. Add 1.7 mL of sul-

System suitability solution:  0.65 mg/mL of USP Ergo- furic acid, and dilute with water to volume.
calciferol RS in methanol. Transfer 1.0 mL of this solution to a Lecithin solution:  5 mg/mL of lecithin in 2,2,4-
100-mL volumetric flask containing 100 mg of USP Alpha trimethylpentane
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Sample solution:  Weigh NLT 20 Capsules in a tared weighing • VITAMIN E, Method 3
bottle. Open the Capsules, without loss of shell material, and [NOTE—Where vitamin E (alpha tocopherol, alpha tocopheryl
transfer the contents to a 100-mL beaker. Remove any con- acetate, or alpha tocopheryl acid succinate) is specified in the
tents adhering to the empty shells by washing with several following procedure, use the chemical form present in the
portions of ether. Discard the washings, and dry the Capsule formulation and the relevant USP Reference Standard. Use
shells with the aid of a current of dry air. Weigh the empty low-actinic glassware throughout this procedure.]
Capsule shells in the tared weighing bottle, and calculate the Diluent:  Acetonitrile and ethyl acetate (1:1)
net weight of the Capsule contents. Transfer a portion of the Mobile phase:  Methanol, acetonitrile, and n-hexane
Capsule contents, equivalent to 55 mg of vitamin E, to a (46.5:46.5:7.0)
container having a polytef-lined screw cap. Add 0.5 g of so- Standard solution:  0.3 mg/mL of USP Alpha Tocopherol RS,
dium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 Acid Succinate RS in methanol
mL of Sodium ascorbate–pyrogallol solution, shake slowly, and Sample solution:  Proceed as directed for Sample solution in
allow the solution to degas. Continue shaking until the evolu- the assay for Vitamin A, Method 3 through “calculate the net
tion of gas has ceased, and then shake for an additional 12 weight of the Capsule contents“. Transfer a portion of the
min. Add 6 mL of dimethyl sulfoxide, mix on a vortex mixer Capsule contents, equivalent to 8.0 mg of alpha tocopherol,
to form a suspension, and shake for 12 min. Add 6 mL of 3 N to a glass-stoppered conical flask. Add 25.0 mL of water, 25.0
methanolic sulfuric acid solution, mix on a vortex mixer to form mL of dehydrated alcohol, and 3.5 g of potassium hydroxide
a suspension, and shake for 12 min. Add 12.5 mL of 2,2,4- pellets. Shake for 1 h in a water bath maintained at 55°, cool,
trimethylpentane, mix on a vortex mixer to form a suspen- and transfer with the aid of a minimum volume of water to a
sion, and shake for 10 min. Centrifuge for 10 min to break up 125-mL separatory funnel. Rinse the flask with 50 mL of n-
the emulsion and to clarify the supernatant layer. Transfer a hexane, and add the rinsing to the separatory funnel. Insert
volume of the supernatant 2,2,4-trimethylpentane layer to a the stopper, shake vigorously for 60 s, and allow the layers to
suitable volumetric flask, the volume of the specimen with- separate. Drain the aqueous layer into a second 250-mL sepa-
drawn from the 2,2,4-trimethylpentane layer and the size of ratory funnel, and repeat the extraction with 50 mL of n-
the volumetric flask being such that the final concentration of hexane. Discard the aqueous layer and combine the hexane
the Sample solution is equivalent to that of the Standard solu- extracts. Wash the combined extracts with 25 mL of water,
tion. Evaporate nearly to dryness, add several mL of methanol, allow the layers to separate, and discard the aqueous layer.
and evaporate the remaining 2,2,4-trimethylpentane. Dilute Add 3 drops of glacial acetic acid, and repeat the washing
with methanol to volume. procedure two more times. Filter the washed hexane layer

Chromatographic system through anhydrous sodium sulfate into a 250-mL round-bot-
(See Chromatography 〈621〉, System Suitability.) tom flask. Rinse the funnel and sodium sulfate with a few mL
Mode:  LC of n-hexane, and add the rinsing to the hexane solution in the
Detector:  UV 280 nm flask. Place the flask in a water bath maintained at 50°, and
Column:  4.6-mm × 25-cm; 5-µm packing L1 evaporate the hexane solution with the aid of a rotary evapo-
Flow rate:  1.5 mL/min rator to dryness. Immediately add 25.0 mL of Diluent, and
Injection size:  25 µL swirl to dissolve the residue.

System suitability Chromatographic system
Samples:  System suitability solution and Standard solution (See Chromatography 〈621〉, System Suitability.)
[NOTE—The relative retention times for alpha tocopheryl acid Mode:  LC
succinate, alpha tocopherol, and alpha tocopheryl acetate Detector:  UV 291 nm
are about 0.6, 0.8, and 1.0, respectively, System suitability Column:  4.6-mm × 25-cm; packing L1
solution.] Temperature:  40°

Suitability requirements Flow rate:  3 mL/min
Resolution:   NLT 4.0 between alpha tocopheryl acid suc- Injection size:  20 µL
cinate and alpha tocopherol, and NLT 3.0 between alpha System suitability
tocopherol and alpha tocopheryl acetate; System suitability Sample:  Standard solution
solution Suitability requirements

Relative standard deviation:  NMT 3.0%, Standard Relative standard deviation:  NMT 5.0%
solution Analysis

Analysis Samples:  Standard solution and Sample solution
Samples:  Standard solution and Sample solution Calculate the percentage of C29H50O2, C31H52O3, or C33H54O5

Calculate the percentage of C29H50O2, C31H52O3, or C33H54O5 in the portion of Capsules taken:
in the portion of Capsules taken:

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

rU = peak area for the relevant vitamin E form from
rU = peak area for the relevant vitamin E form from the Sample solution

the Sample solution rS = peak area for the relevant vitamin E form from
rS = peak area for the relevant vitamin E form from the Standard solution

the Standard solution CS = concentration of the corresponding USP Refer-
CS = concentration of the corresponding USP Refer- ence Standard in the Standard solution

ence Standard in the Standard solution (mg/mL)
(mg/mL) CU = nominal concentration of the Sample solution

CU = nominal concentration of the Sample solution (mg/mL)
(mg/mL) Calculate the alpha tocopherol equivalent of alpha

[NOTE—The initial extraction to 26.5 mL of 2,2,4-trimethyl- tocopheryl acetate or alpha tocopheryl acid succinate by
pentane has been accounted for in the calculation formula.] multiplying the content, in mg, by the factor 0.91 or 0.81,

Calculate the alpha tocopherol equivalent of alpha respectively.
tocopheryl acetate or alpha tocopheryl acid succinate by Acceptance criteria:  90.0%–165.0% of the labeled amount
multiplying the content, in mg, by the factor 0.91 or 0.81, of vitamin E as C29H50O2, C31H52O3, or C33H54O5

respectively.
Acceptance criteria:  90.0%–165.0% of the labeled amount
of vitamin E as C29H50O2, C31H52O3, or C33H54O5
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• PHYTONADIONE Transfer a quantity of the Capsule contents, equivalent to 2
[NOTE—Use low-actinic glassware throughout this procedure.] mg of beta carotene, to a 500-mL saponification flask. Add

Mobile phase:  Methanol and water (19:1) 100 mL of alcohol, 6 mL of Potassium hydroxide solution, and a
Standard stock solution:  200 µg/mL of USP Phytonadione magnetic stirring bar. Attach an air condenser to the flask,
RS in methanol. Dissolve with the aid of sonication if and heat under reflux for 45 min with constant stirring. Cool
necessary. to room temperature, add 170 mL of solvent hexane, and stir

Standard solution:  Pipet 10 mL of Standard stock solution for 30 min. Transfer the contents of the flask to a 500-mL
into a 100-mL volumetric flask, and dilute with methanol to separatory funnel with portions of solvent hexane. Allow the
volume. layers to separate for 5–10 min, and transfer the upper or-

System suitability solution:  Transfer 65 mg of USP Alpha ganic layer to a 500-mL volumetric flask. Transfer the lower
Tocopheryl Acetate RS to a 100-mL volumetric flask, and dis- aqueous layer into the saponification flask, add 170 mL of
solve in about 75 mL of methanol. Add 10 mL of Standard solvent hexane, and stir for an additional 20 min. Transfer the
stock solution, and dilute with methanol to volume. contents of the saponification flask to the separatory funnel

Sample solution:  Transfer NLT 20 mL of the solution retained with the aid of portions of solvent hexane. Allow the layers to
as specified in the directions for Sample solution in the assay separate for 10 min. Drain the lower aqueous layer, and dis-
for Vitamin A, Method 1 to a suitable container, and evaporate, card. Transfer the organic layer to the volumetric flask contain-
if necessary, in a vacuum at room temperature to dryness. ing the previously collected organic layer. Rinse the separatory
Transfer the contents of the flask to a suitable volumetric flask funnel with small portions of solvent hexane, and transfer the
with the aid of methanol, and dilute with methanol to volume washings to the volumetric flask. Dilute the hexane extracts
to obtain a solution having a concentration of 20 µg/mL of with solvent hexane to volume, add 3 g of anhydrous sodium
phytonadione. sulfate, shake, and allow to settle. Quantitatively transfer a vol-

Chromatographic system ume of this solution, equivalent to 100 µg of beta carotene,
(See Chromatography 〈621〉, System Suitability.) to a 50-mL volumetric flask. Evaporate under a stream of ni-
Mode:  LC trogen to dryness, and immediately add cyclohexane. Add 2
Detector:  UV 254 nm mL of Iodine solution, and heat for 15 min in a water bath
Column:  8-mm × 10-cm; 5-µm packing L1 maintained at 65°. Cool rapidly, and dilute with cyclohexane
Injection size:  100 µL to volume.

System suitability Spectrometric conditions
Samples:  Standard solution and System suitability solution (See Spectrophotometry and Light-Scattering 〈851〉.)
[NOTE—The relative retention times for alpha tocopheryl ace- Mode:  UV-Vis
tate and phytonadione are about 0.68 and 1.0 respectively, Analytical wavelength:  452 nm
Standard solution.] Blank:  Cyclohexane

Suitability requirements Analysis
Resolution:  NLT 5 between alpha tocopheryl acetate and Samples:  Sample solution A or Sample solution B
phytonadione, System suitability solution Determine the absorbance of the solution, using the Blank.

Relative standard deviation:  NMT 3.0%, Standard Calculate the percentage of C40H56 in the Capsules taken:
solution

Result = (D/CU) × (AU/F) × (100/L)Analysis
Samples:  Standard solution and Sample solution

D = dilution volume of the Sample solution, 100 mLCalculate the percentage of C31H46O2 in the Capsules taken:
CU = nominal concentration of beta carotene in the

Sample solution (mg/mL)Result = (rU/rS) × (CS/CU) × 100
AU = absorbance of the Sample solution

rU = peak area for phytonadione from the Sample so- F = absorptivity of beta carotene at 452 nm, 223
lution L = labeled amount of beta carotene in each Cap-

rS = peak area for phytonadione from the Standard sule (mg)
solution Acceptance criteria:  90.0%–165.0% of the labeled amount

CS = concentration of USP Phytonadione RS in the of C40H56

Standard solution (µg/mL)
PERFORMANCE TESTSCU = nominal concentration of phytonadione in the

Sample solution (µg/mL)
Acceptance criteria:  90.0%–165.0% of the labeled amount Change to read:
of C31H46O2

• BETA CAROTENE
[NOTE—Use Sample solution A for preparations containing beta • DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS
carotene in oil solutions and Sample solution B for prepara- 〈2040〉:  Meet the requirements for Disintegration only. Do
tions containing beta carotene in dry powder. Use low-ac- not perform the test for Dissolution.▲

▲USP34
tinic glassware throughout this procedure.] • WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the

Potassium hydroxide solution:  Dissolve 58.8 g of potassium requirements
hydroxide in 50 mL of water.

SPECIFIC TESTSIodine solution:  Transfer 10 mg of iodine crystals to a 100-
• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-mL volumetric flask. Dissolve in and dilute with cyclohexane

PLEMENTS 〈2021〉:  The total aerobic microbial count does notto volume. Dilute 10 mL of this solution with cyclohexane to
exceed 3000 cfu/g, and the total combined molds and yeasts100 mL. [NOTE—Prepare this solution fresh daily.]
count does not exceed 300 cfu/g. Capsules also meet the re-Sample solution A:  Proceed as directed in the assay for Vita-
quirements of the tests for absence of Salmonella species, Es-min A, Method 1, except to use cyclohexane instead of n-
cherichia coli, and Staphylococcus aureus.hexane as the extraction solvent, and to dilute the filtered

extracts with cyclohexane to obtain a concentration of 2
ADDITIONAL REQUIREMENTSµg/mL of beta carotene.
• PACKAGING AND STORAGE:  Preserve in tight, light-resistantSample solution B:  Weigh NLT 20 Capsules, cut open the

containers.Capsules, and combine the contents in a suitable container.
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• LABELING1: may be met by following any one of the specified methods, the
  Label the Capsules to state that the product is Oil-Soluble method used being stated in the labeling only if Method 1 is not

Vitamins Capsules. The label also states the quantity of each used.]
vitamin/dosage unit and, where necessary, the chemical form • VITAMIN A, Method 1
in which it is present. Where the product contains vitamin E, [NOTE—Where the use of a vitamin A ester (retinyl acetate or
the label also indicates whether it is the d- or dl- form. Where retinyl palmitate) is specified in the following procedure, use
more than one assay method is given for a particular vitamin, the chemical form present in the formulation. USP Vitamin A
the labeling states the assay method used only if Method 1 is RS is all-trans retinyl acetate. It is to be used where USP
not used. Vitamin A RS is specified. Use low-actinic glassware through-

• USP REFERENCE STANDARDS 〈11〉 out this procedure.]
USP Alpha Tocopherol RS Mobile phase:  n-Hexane
USP Alpha Tocopheryl Acetate RS Standard solution:  15 µg/mL of retinyl acetate from USP Vi-
USP Alpha Tocopheryl Acid Succinate RS tamin A RS in n-hexane
USP Cholecalciferol RS System suitability stock solution:  15 µg/mL of retinyl palmi-
USP Ergocalciferol RS tate in n-hexane
USP Phytonadione RS System suitability solution:  Mix equal volumes of the System
USP Vitamin A RS suitability stock solution and the Standard solution to obtain

concentrations of 7.5 µg/mL each of retinyl acetate and retinyl
palmitate.

Sample solution:  Transfer an equivalent to 5 Tablets, from
BRIEFING finely powdered Tablets (NLT 20), to a container having a

polytef-lined screw cap, add 10 mL of dimethyl sulfoxide and
15 mL of n-hexane, and shake for 45 min on a wrist-action
shaker in a water bath maintained at 60°. [NOTE—Set up theOil-Soluble Vitamins Tablets,  USP 32 page 1086—See brief-
wrist-action shaker to ensure that the contents of theing under Arginine Capsules.
container are mixed vigorously and thoroughly.] Centrifuge at
3000 rpm for 10 min, and transfer the hexane layer by means
of a pipet to a 100-mL volumetric flask. Add 15 mL of n-(DS-PS: N. Davydova.) RTS—C82092 hexane to the dimethyl sulfoxide layer, shake thoroughly for 5
min, and transfer the hexane layer by means of a pipet to the
100-mL volumetric flask. Repeat this extraction with three ad-
ditional 15 mL portions of n-hexane. Dilute the extracts in theOil-Soluble Vitamins Tablets volumetric flask with n-hexane to volume. Dilute a 10-mL vol-
ume of this solution with n-hexane to obtain a solution having

DEFINITION a final concentration of 15 µg/mL of vitamin A. Retain the
Oil-Soluble Vitamins Tablets contain two or more of the following remaining solution for use in the assays for vitamin D, vitamin

oil-soluble vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vi- E, and phytonadione.
tamin D2) or Cholecalciferol (Vitamin D3), Vitamin E, Phytona- Chromatographic system
dione (Vitamin K1), and Beta Carotene. Tablets contain NLT (See Chromatography 〈621〉, System Suitability.)
90.0% and NMT 165.0% of the labeled amounts of vitamin A Mode:  LC
(C20H30O) as retinol or esters of retinol in the form of retinyl Detector:  UV 325 nm
acetate (C22H32O2) or retinyl palmitate (C36H46O2); vitamin D as Column:  4.6-mm × 15-cm; 3-µm packing L8
cholecalciferol (C27H44O) or ergocalciferol (C28H44O); vitamin E Flow rate:  1 mL/min
as alpha tocopherol (C29H50O2), alpha tocopheryl acetate Injection size:  40 µL
(C31H52O3), or alpha tocopheryl acid succinate (C33H54O5); System suitability
phytonadione (C31H46O2); and beta carotene (C40H56). Sample:  System suitability solution

Oil-Soluble Vitamins Tablets contain no other vitamins or any Suitability requirements
minerals. They may contain other labeled added substances Resolution:  NLT 10 between retinyl acetate and retinyl
that are generally recognized as safe, in amounts that are palmitate
unobjectionable. Relative standard deviation:  NMT 3.0%

Analysis
STRENGTH Samples:  Standard solution and Sample solution
[NOTE—In the following assays, where more than one assay Measure the peak area for retinyl acetate from the Standard
method is given for an individual ingredient, the requirements solution and the peak area for retinyl acetate or retinyl pal-

mitate from the Sample solution. For products containing1 USP Units of activity for vitamins, where such exist or formerly existed, are
vitamin A acetate or vitamin A palmitate, calculate the per-equivalent to the corresponding international units, where such formerly ex-
centage of vitamin A as the retinol equivalent (C20H30O) inisted. The USP Unit for Vitamin E has been discontinued. International units (IU)
the portion of Tablets taken:for vitamins also have been discontinued; however, the use of IU on the labels

of vitamin products continues. Where articles are labeled in terms of Units in
Result = (rU/rS) × (CS/CU) × F × 100addition to the required labeling, the relationship of the USP Units or IU to

mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans retinol (vitamin rU = peak area of the all-trans retinyl ester from the
A alcohol) or 0.344 µg of all-trans retinyl acetate (vitamin A acetate) or 0.55 µg Sample solution
of all-trans retinyl palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP rS = peak area of the all-trans retinyl ester from the
Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene = 0.6 µg of Standard solution
all-trans beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or CS = concentration of USP Vitamin A RS in the Stan-
cholecalciferol; 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 dard solution (mg/mL)
mg of dl-alpha tocopheryl acetate = 1 former USP Vitamin E Unit, 1 mg of dl- CU = nominal concentration of the Sample solution
alpha tocopheryl acid succinate = 0.89 former USP Vitamin E Unit, 1 mg of d- (mg/mL)
alpha tocopherol = 1.49 former USP Vitamin E Units, 1 mg of d-alpha F = factor used to convert retinyl acetate, from USP
tocopheryl acetate = 1.36 former USP Vitamin E Units, 1 mg of d-alpha Vitamin A RS, to its retinol equivalent, 0.872
tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In terms of d- [NOTE—The molar responses of retinyl acetate and retinyl pal-
alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg mitate are equivalent.]
of d-alpha tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = Acceptance criteria:  90.0%–165.0% of the labeled amount
0.74, 1 mg of dl-alpha tocopheryl acetate = 0.67, and 1 mg of dl-alpha of vitamin A (C20H30O) as retinol or esters of retinol in the
tocopheryl acid succinate = 0.60.
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form of retinyl acetate (C22H32O2) or retinyl palmitate Calculate the percentage of vitamin A, as the retinol
(C36H46O2) (C20H30O) equivalent, in the portion of Tablets taken:

• VITAMIN A, Method 2
Result = (rU/rS) × (CS/CU) × F × 100[NOTE—Where a vitamin A ester (retinyl acetate or retinyl pal-

mitate) is indicated in the following procedure, use the
rU = peak response of the all-trans retinyl ester fromchemical form present in the formulation. USP Vitamin A RS

the Sample solutionis all-trans retinyl acetate. It is to be used where USP Vitamin
rS = peak response of the all-trans retinyl ester fromA RS is specified. Use low-actinic glassware throughout this

the Standard solutionprocedure.]
CS = concentration of USP Vitamin A RS in the Stan-3 N methanolic sulfuric acid solution:  Cautiously add 9 mL

dard solution (mg/mL)of sulfuric acid to 80 mL of methanol in a 100-mL volumetric
CU = nominal concentration of the Sample solutionflask. Cool, and dilute with methanol to volume.

(mg/mL)Sodium ascorbate–pyrogallol solution:  Transfer 10 g of so-
F = factor used to convert retinyl acetate, obtaineddium ascorbate and 5 g of pyrogallol to a 100-mL volumetric

from USP Vitamin A RS, to its retinolflask, and add sufficient water to dissolve. Add 1.7 mL of sul-
equivalent, 0.872furic acid, and dilute with water to volume.

[NOTE—The initial extraction into 26.5 mL of 2,2,4-trimethyl-Lecithin solution:  5 mg/mL of lecithin in 2,2,4-
pentane is already accounted for in this equation. The molartrimethylpentane
responses of retinyl acetate and retinyl palmitate areMobile phase:  n-Hexane and ethyl acetate (99.7:0.3)
equivalent.]Standard solution:  15 µg/mL of retinyl acetate from USP Vi-

Acceptance criteria:  90.0%–165.0% of the labeled amounttamin A RS in 2,2,4-trimethylpentane
of vitamin A (C20H30O) as retinol or esters of retinol in theSystem suitability stock solution:  15 µg/mL of retinyl palmi-
form of retinyl acetate (C22H32O2) or retinyl palmitatetate in 2,2,4-trimethylpentane
(C36H46O2)System suitability solution:  Mix equal volumes of the System

• VITAMIN A, Method 3suitability stock solution and the Standard solution to obtain
[NOTE—Where a vitamin A ester (retinyl acetate or retinyl pal-concentrations of 7.5 µg/mL each of retinyl acetate and retinyl
mitate) is indicated in the following procedure, use thepalmitate.
chemical form present in the formulation. USP Vitamin A RSSample solution:  [NOTE—This preparation is suitable for the
is all-trans retinyl acetate. It is to be used where USP Vitamindetermination of vitamin A, vitamin D, and vitamin E, when
A RS is specified. Use low-actinic glassware throughout thispresent in the formulation.] Weigh and finely powder NLT 20
procedure.]Tablets. If vitamin D is present in the formulation, transfer a

Extraction solvent:  n-Hexane and methylene chloride (3:1)portion of the powder, equivalent to 30 µg of cholecalciferol
Potassium hydroxide solution:  Cautiously add 80 g of potas-or ergocalciferol, to a container having a polytef-lined screw
sium hydroxide to 100 mL of water, mix, and cool.cap. If vitamin D is not present in the formulation, use a por-

Diluent:  10 mg/mL of pyrogallol in alcoholtion of the powder equivalent to 90 mg of vitamin E (as alpha
Mobile phase:  n-Hexane and isopropyl alcohol (23:2)tocopherol, alpha tocopheryl acetate, or alpha tocopheryl
Standard stock solution:  30 µg/mL of USP Vitamin A RS inhemisuccinate). If vitamin E is not present in the formulation,
Diluent. [NOTE—This solution may be stored in a refrigeratoruse a portion of the powder equivalent to 2.5 mg of retinyl
for 1 week.]acetate or retinyl palmitate. Add 0.5 g of sodium bicarbonate,

Standard solution:  Dilute a volume of the Standard stock so-1.5 mL of Lecithin solution, and 12.5 mL of 2,2,4-trimethylpen-
lution with Diluent to obtain a concentration of 1 µg/mL oftane, and disperse on a vortex mixer. Add 6 mL of Sodium
USP Vitamin A RS. Transfer 10.0 mL of this solution to a stop-ascorbate–pyrogallol solution, shake slowly, and allow the solu-
pered 125-mL flask, and add 5 mL of water, 5 mL of Diluent,tion to degas. Continue shaking until the evolution of gas has
and 3 mL of Potassium hydroxide solution. Insert the stopperceased, and then shake for an additional 12 min. Add 6 mL of
tightly, shake for 15 min over a water bath maintained at 60 ±dimethyl sulfoxide, mix on a vortex mixer to form a suspen-
5°, and cool to room temperature. Add 7 mL of water andsion, and shake for 12 min. Add 6 mL of 3 N methanolic sulfu-
25.0 mL of Extraction solvent. Insert the stopper tightly, andric acid solution, mix on a vortex mixer to form a suspension,
shake vigorously for 60 s. Rinse the sides of the flask with 60and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane,
mL of water, and allow to stand for 10 min until the layersmix on a vortex mixer to form a suspension, and shake for 10
separate. Withdraw a portion of the organic layer for injectionmin. Centrifuge for 10 min to break up the emulsion and to
into the chromatograph. This Standard solution contains 0.34clarify the supernatant. [NOTE—The supernatant is used for the
µg/mL of retinol.determination of vitamin A, and also vitamin D and vitamin E,

Sample solution:  Weigh and finely powder a counted num-if present in the formulation.] If necessary, quantitatively dilute
ber of Tablets. Transfer a portion of the powder, equivalent toa volume of the supernatant with 2,2,4-trimethylpentane to
1.5 mg of retinyl acetate, to a stoppered 125-mL flask. Add 5obtain a concentration close to that of the Standard solution.
mL of water, 15 mL of Diluent, and 3 mL of Potassium hydrox-Chromatographic system
ide solution. Insert the stopper tightly, shake for 15 min over a(See Chromatography 〈621〉, System Suitability.)
water bath maintained at 60 ± 5°, and cool to room tempera-Mode:  LC
ture. Add 7 mL of water and 25.0 mL of Extraction solvent.Detector:  UV 325 nm
Insert the stopper tightly, and shake vigorously for 60 s orColumn:  4.6-mm × 25-cm; 5-µm packing L24
longer, if necessary, for complete extraction. Rinse the sides ofFlow rate:  1.5 mL/min
the flask with 60 mL of water, and allow to stand for 10 minInjection size:  40 µL
until the layers separate. [NOTE—Do not shake, as an emulsionSystem suitability
may form.] Withdraw a portion of the organic layer, and di-Sample:  System suitability solution
lute with Extraction solvent to obtain a concentration of 0.34Suitability requirements
µg/mL of retinol.Resolution:  NLT 8.0 between retinyl acetate and retinyl

Chromatographic systempalmitate
(See Chromatography 〈621〉, System Suitability.)Relative standard deviation:  NMT 3.0%

Analysis
Samples:  Standard solution and Sample solution
Measure the peak area of retinyl acetate from the Standard
solution and the peak area of retinyl acetate or retinyl palmi-
tate from the Sample solution.
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Mode:  LC CS = concentration of USP Cholecalciferol RS or USP
Detector:  UV 335 nm Ergocalciferol RS in the Standard solution
Column:  6.2-mm × 8-cm; packing L3 (µg/mL)
Temperature:  40° CU = nominal concentration of the Sample solution
Flow rate:  4 mL/min (mg/mL)
Injection size:  50 µL F = correction factor to account for the average

System suitability amount of previtamin D present in the formu-
Sample:  Standard solution lation, 1.09
[NOTE—The relative retention times for 13-cis retinol and all- Acceptance criteria:  90.0%–165.0% of the labeled amount
trans retinol are about 0.92 and 1.0, respectively.] of vitamin D as C27H44O or C28H44O

Suitability requirements • CHOLECALCIFEROL OR ERGOCALCIFEROL (VITAMIN D), Method 2
Relative standard deviation:  NMT 5.0% [NOTE—Where vitamin D (cholecalciferol or ergocalciferol) is

Analysis specified in the following procedure, use the chemical form
Samples:  Standard solution and Sample solution present in the formulation and the relevant USP Reference
Measure the peak areas for all-trans retinol and 13-cis retinol. Standard. Use low-actinic glassware throughout this
Calculate the percentage of vitamin A, as the retinol procedure.]
(C20H30O) equivalent, in the portion of Tablets taken: 3 N methanolic sulfuric acid solution, Sodium as-

corbate–pyrogallol solution, Lecithin solution, and Sample
Result = (rT/rS) × (CS/CU) × F × 100 solution:  Proceed as directed in the assay for Vitamin A,

Method 2.
rT = sum of the areas of the all-trans retinol and 13- Mobile phase:  n-Hexane and tertiary butyl alcohol

cis retinol peaks from the Sample solution (98.75:1.25)
rS = peak area of all-trans retinyl acetate from the Standard solution:  1 µg/mL of USP Cholecalciferol RS or USP

Standard solution Ergocalciferol RS in 2,2,4-trimethylpentane
CS = concentration of USP Vitamin A RS in the Stan- System suitability solution:  Heat a volume of the Standard

dard solution (mg/mL) solution at 60° for 1 h to partially isomerize vitamin D (chole-
CU = nominal concentration of the Sample solution calciferol or ergocalciferol) to its corresponding precursor.

(mg/mL) Chromatographic system
F = factor used to convert retinyl acetate, from USP (See Chromatography 〈621〉, System Suitability.)

Vitamin A RS, to its retinol equivalent, 0.872 Mode:  LC
Acceptance criteria:  90.0%–165.0% of the labeled amount Detector:  UV 265 nm
of vitamin A (C20H30O) as retinol or esters of retinol in the Column:  4.6-mm × 25-cm; 5-µm packing L24
form of retinyl acetate (C22H32O2) or retinyl palmitate Flow rate:  1 mL/min
(C36H46O2) Injection size:  40 µL

• CHOLECALCIFEROL OR ERGOCALCIFEROL (VITAMIN D), Method 1 System suitability
[NOTE—Where vitamin D (cholecalciferol or ergocalciferol) is Samples:  Standard solution and System suitability solution
specified in the following procedure, use the chemical form Suitability requirements
present in the formulation and the relevant USP Reference Resolution:   NLT 4.0 between the vitamin D form present
Standard. Use low-actinic glassware throughout this and its corresponding precursor, System suitability solution
procedure.] Relative standard deviation:  NMT 3.0%, Standard

Mobile phase:  n-Hexane and isopropyl alcohol (99:1) solution
Standard solution:  2 µg/mL of USP Cholecalciferol RS or USP Analysis
Ergocalciferol RS in n-hexane Samples:  Sample solution and Standard solution

System suitability solution:  Heat a volume of the Standard Calculate the percentage of C27H44O or C28H44O in the por-
solution at 60° for 1 h to partially isomerize vitamin D (chole- tion of Tablets taken:
calciferol or ergocalciferol) to its corresponding precursor.

Sample solution:  Transfer NLT 20 mL of the solution retained Result = (rU/rS) × (CS/CU) × 100
as specified in the directions for Sample solution in the assay
for Vitamin A, Method 1 to a suitable container, and evaporate, rU = peak response of cholecalciferol or ergocalciferol
if necessary, in a vacuum at room temperature to obtain a from the Sample solution
concentration of 2 µg/mL of cholecalciferol or ergocalciferol. rS = peak response of cholecalciferol or ergocalciferol

Chromatographic system from the Standard solution
(See Chromatography 〈621〉, System Suitability.) CS = concentration of USP Cholecalciferol RS or USP
Mode:  LC Ergocalciferol RS in the Standard solution
Detector:  UV 265 nm (mg/mL)
Column:  4.6-mm × 15-cm; 3-µm packing L8 CU = nominal concentration of the Sample solution
Flow rate:  1 mL/min (mg/mL)
Injection size:  100 µL Acceptance criteria:  90.0%–165.0% of the labeled amount

System suitability of vitamin D as C27H44O or C28H44O
Samples:  Standard solution and System suitability solution • CHOLECALCIFEROL OR ERGOCALCIFEROL (VITAMIN D), Method 3
Suitability requirements [NOTE—Where vitamin D (cholecalciferol or ergocalciferol) is

Resolution:  NLT 10 between the vitamin D form present specified in the following procedure, use the chemical form
and its corresponding precursor, System suitability solution present in the formulation and the relevant USP Reference

Relative standard deviation:  NMT 3.0%, Standard Standard. Use low-actinic glassware throughout this
solution procedure.]

Analysis Dilute acetic acid:  Transfer 10 mL of glacial acetic acid to a
Samples:  Standard solution and Sample solution 100-mL volumetric flask and dilute with water to volume.
 Calculate the percentage of C27H44O or C28H44O in the por- Phenolphthalein solution:  10 mg/mL of phenolphthalein in
tion of Tablets taken: alcohol

Potassium hydroxide solution:  Slowly dissolve 14 g of potas-
Result = (rU/rS) × (CS/CU) × F × 100 sium hydroxide in a mixture of 31 mL of dehydrated alcohol

and 5 mL of water. [NOTE—Prepare fresh daily.]
rU = peak height for cholecalciferol or ergocalciferol Extraction solvent:  Methylene chloride and isopropyl alcohol

from the Sample solution (99.8:0.2)
rS = peak height for cholecalciferol or ergocalciferol

from the Standard solution

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(1) [Jan.–Feb. 2010] IN-PROCESS REVISION 179

Mobile phase:  Acetonitrile and methanol (91:9) rU = peak height for cholecalciferol or ergocalciferol
Standard stock solution:  0.2 mg/mL of USP Cholecalciferol from the Sample solution
RS or USP Ergocalciferol RS in dehydrated alcohol. [NOTE— rS = peak height for cholecalciferol or ergocalciferol
Prepare fresh every 4 weeks. Store in a freezer.] from the Standard solution

Standard solution CS = concentration of USP Cholecalciferol RS or USP
[NOTE—Condition the solid-phase extraction column specified Ergocalciferol RS in the Standard solution
for use in the Standard solution and the Sample solution by (mg/mL)
initially washing the column with 4.0 mL of a mixture of CU = nominal concentration of the Sample solution
methylene chloride and isopropyl alcohol (4:1), followed by (mg/mL)
5.0 mL of Extraction solvent. Do not allow the column to F = correction factor to account for the average
dry.] amount of previtamin D present in the formu-

Dilute a volume of Standard stock solution with dehydrated lation, 1.09
alcohol to obtain a concentration of 5 µg/mL of USP Chole- Acceptance criteria:  90.0%–165.0% of the labeled amount
calciferol RS or USP Ergocalciferol RS. [NOTE—Prepare fresh of vitamin D as C27H44O or C28H44O
daily.] Transfer 2.0 mL of this solution to a stoppered 125-mL • VITAMIN E, Method 1
flask. Add 15.0 mL of water and 15.0 mL of Potassium hy- [NOTE—Where vitamin E (alpha tocopherol, alpha tocopheryl
droxide solution, insert the stopper, and shake for 30 min in a acetate, or alpha tocopheryl acid succinate) is specified in the
water bath maintained at 60°. Allow to cool to room temper- following procedure, use the chemical form present in the
ature and transfer the contents of the flask to a 250-mL sepa- formulation and the relevant USP Reference Standard. Use
ratory funnel. Add 15.0 mL of water to the flask, insert the low-actinic glassware throughout this procedure.]
stopper, shake vigorously, and transfer this solution to the Solution A:  Phosphoric acid and water (1:99)
separatory funnel. Rinse the flask with 60 mL of n-hexane Mobile phase:  Methanol and Solution A (19:1)
and transfer the rinsing to the separatory funnel. Insert the Standard solution:  2 mg/mL of USP Alpha Tocopherol RS,
stopper, shake vigorously for 90 s, and allow to stand for 15 USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
min until the layers separate. Drain and discard the aqueous Acid Succinate RS in methanol
layer. Add 15.0 mL of water to the hexane layer in the sepa- System suitability solution:  0.65 mg/mL of USP Ergo-
ratory funnel, insert the stopper, and shake vigorously. Allow calciferol RS in methanol. Transfer 1.0 mL of this solution to a
to stand for 10 min until the layers separate, and discard the 100-mL volumetric flask containing 100 mg of USP Alpha
aqueous layer. Add 1 drop of Phenolphthalein solution and Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with
15.0 mL of water to the separatory funnel. Add Dilute acetic the aid of sonication if necessary, and dilute with methanol to
acid dropwise, with shaking, until the washing is neutral. Al- volume. [NOTE—Store this solution in a refrigerator.]
low to stand for 10 min until the layers separate. Drain and Sample solution:  Transfer NLT 20 mL of the solution retained
discard the aqueous layer. Filter the hexane layer through as specified in the directions for Sample solution in the assay
anhydrous sodium sulfate supported by a small pledget of for Vitamin A, Method 1 to a suitable container, and evaporate
cotton into a 100-mL round-bottom flask. Rinse the funnel in a vacuum at room temperature to dryness. Transfer the
and sodium sulfate with a few mL of n-hexane, and collect residue with the aid of methanol to a suitable volumetric flask,
the rinsings in the same flask. Evaporate the hexane in the and dilute with methanol to volume to obtain a concentration
flask on a rotary evaporator at 50° to dryness. Immediately of 2 mg/mL of alpha tocopherol, alpha tocopheryl acetate, or
add 2.0 mL of Extraction solvent to dissolve the residue. alpha tocopheryl acid succinate.
Transfer this solution to a freshly conditioned solid-phase ex- Chromatographic system
traction column containing silica packing with a sorbent (See Chromatography 〈621〉, System Suitability.)
mass-to-column volume ratio of 500 mg to 2.8 mL or Mode:  LC
equivalent, rinse the round-bottom flask with 1.0 mL of Ex- Detector:  UV 254 nm
traction solvent, and transfer to the column. Elute the column Column:  8-mm × 10-cm; 5-µm packing L1
with 2.0 mL of Extraction solvent, and discard this fraction. Flow rate:  2 mL/min
Elute the column with 7.0 mL of Extraction solvent and collect Injection size:  100 µL
the eluate in a suitable flask. Place the flask in a warm water System suitability
bath maintained at 42° and evaporate the solvent with the Samples:  Standard solution and System suitability solution
aid of a stream of nitrogen. Immediately add 2.0 mL of [NOTE—The relative retention times for ergocalciferol and al-
acetonitrile to the residue, and use the solution for injection pha tocopheryl acetate are about 0.5 and 1.0, respectively,
into the chromatograph. System suitability solution.]

Sample solution:  Transfer an equivalent to 10 µg of chole- Suitability requirements
calciferol or ergocalciferol, from finely powdered Tablets (NLT Resolution:  NLT 12 between ergocalciferol and alpha
20), to the stoppered 125-mL flask, and proceed as directed tocopheryl acetate, System suitability solution
for the Standard solution, beginning with “Add 15.0 mL of Tailing factor:  Between 0.8 and 1.2, System suitability
water and 15.0 mL of Potassium hydroxide solution”. solution

Chromatographic system Relative standard deviation:  NMT 3.0%, Standard solution
(See Chromatography 〈621〉, System Suitability.) Analysis
Mode:  LC Samples:  Standard solution and Sample solution
Detector:  UV 265 nm Calculate the percentage of C29H50O2, C31H52O3, or C33H54O5

Column:  4.6-mm × 25-cm; 5-µm packing L1 in the portion of Tablets taken:
Temperature:  27°

Result = (rU/rS) × (CS/CU) × 100Flow rate:  0.7 mL/min
Injection size:  15 µL

rU = peak response for the relevant vitamin E formSystem suitability
from the Sample solutionSample:  Standard solution

rS = peak response for the relevant vitamin E formSuitability requirements
from the Standard solutionRelative standard deviation:  NMT 4.0%

CS = concentration of the corrresponding USP Refer-Analysis
ence Standard in the Standard solutionSamples:  Standard solution and Sample solution
(mg/mL)Calculate the percentage of C27H44O or C28H44O in the por-

CU = nominal concentration of the Sample solutiontion of Tablets taken:
(mg/mL)

Calculate the alpha tocopherol equivalent of alphaResult = (rU/rS) × (CS/CU) × F × 100
tocopheryl acetate or alpha tocopheryl acid succinate by

2010 The United States Pharmacopeial Convention All Rights Reserved.

In-Process Revision



Pharmacopeial Forum
180 IN-PROCESS REVISION Vol. 36(1) [Jan.–Feb. 2010]

multiplying the content, in mg, by the factor 0.91 or 0.81, following procedure, use the chemical form present in the
respectively. formulation and the relevant USP Reference Standard. Use

Acceptance criteria:  90.0%–165.0% of the labeled amount low-actinic glassware throughout this procedure.]
of vitamin E as C29H50O2, C31H52O3, or C33H54O5 Diluent:  Acetonitrile and ethyl acetate (1:1)

• VITAMIN E, Method 2 Mobile phase:  Methanol, acetonitrile, and n-hexane
[NOTE—Where vitamin E (alpha tocopherol, alpha tocopheryl (46.5:46.5:7.0)
acetate, or alpha tocopheryl acid succinate) is specified in the Standard solution:  0.3 mg/mL of USP Alpha Tocopherol RS,
following procedure, use the chemical form present in the USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl
formulation and the relevant USP Reference Standard. Use Acid Succinate RS in methanol
low-actinic glassware throughout this procedure.] Sample solution:  Transfer an equivalent to 8 mg of alpha

Mobile phase:  Mix 240 mL of methanol with 10 mL of water tocopherol, from finely powdered Tablets (NLT 20), to a 125-
followed by 0.5 mL of 50% phosphoric acid, and dilute with mL flask fitted with a ground-glass joint. Add 25.0 mL of
acetonitrile to 1000 mL. water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium

System suitability solution:  2 mg/mL each of USP Alpha To- hydroxide pellets. Shake for 1 h in a water bath maintained at
copherol RS, USP Alpha Tocopheryl Acetate RS, and USP Alpha 55°, cool, and transfer with the aid of a minimum volume of
Tocopheryl Acid Succinate RS in methanol water to a 125-mL separatory funnel. Rinse the flask with 50

Standard solution:  2 mg/mL of USP Alpha Tocopherol RS, mL of n-hexane and add the rinsing to the separatory funnel.
USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl Insert the stopper, shake vigorously for 60 s, and allow the
Acid Succinate RS in methanol layers to separate. Drain the aqueous layer into a second 250-

Sample solution:  Proceed as directed for the Sample solution mL separatory funnel, and repeat the extraction with 50 mL of
in the assay for Vitamin A, Method 2. Transfer a volume of the n-hexane. Discard the aqueous layer and combine the hexane
supernatant 2,2,4-trimethylpentane to a suitable volumetric extracts. Wash the combined extracts with 25 mL of water,
flask, the volume of the specimen withdrawn from the 2,2,4- allow the layers to separate, and discard the aqueous layer.
trimethylpentane and the size of the volumetric flask being Add 3 drops of glacial acetic acid, and repeat the washing
such that the final concentration of the Sample solution is procedure two more times. Filter the washed hexane layer
equivalent to that of the Standard solution. Evaporate nearly to through anhydrous sodium sulfate into a 250-mL round-bot-
dryness, add several mL of methanol, and evaporate the re- tom flask. Rinse the funnel and sodium sulfate with a few mL
maining 2,2,4-trimethylpentane. Dilute with methanol to of n-hexane, and add the rinsing to the hexane solution in the
volume. flask. Place the flask in a water bath maintained at 50° and

Chromatographic system evaporate the hexane solution with the aid of a rotary evapo-
(See Chromatography 〈621〉, System Suitability.) rator to dryness. Immediately add 25.0 mL of Diluent and swirl
Mode:  LC to dissolve the residue.
Detector:  UV 280 nm Chromatographic system
Column:  4.6-mm × 25-cm; 5-µm packing L1 (See Chromatography 〈621〉, System Suitability.)
Flow rate:  1.5 mL/min Mode:  LC
Injection size:  25 µL Detector:  UV 291 nm

System suitability Column:  4.6-mm × 25-cm; packing L1
Samples:  System suitability solution and Standard solution Temperature:  40°
[NOTE—The relative retention times for alpha tocopheryl acid Flow rate:  3 mL/min
succinate, alpha tocopherol, and alpha tocopheryl acetate Injection size:  20 µL
are about 0.6, 0.8, and 1.0, respectively, System suitability System suitability
solution.] Sample:  Standard solution

Suitability requirements Suitability requirements
Resolution:  NLT 4.0 between alpha tocopheryl acid succi- Relative standard deviation:  NMT 5.0%
nate and alpha tocopherol, and NLT 3.0 between alpha Analysis
tocopherol and alpha tocopheryl acetate; System suitability Samples:  Standard solution and Sample solution
solution Calculate the percentage of C29H50O2, C31H52O3, or C33H54O5

Relative standard deviation:  NMT 3.0%, Standard in the portion of Tablets taken:
solution

Result = (rU/rS) × (CS/CU) × 100Analysis
Samples:  Standard solution and Sample solution

rU = peak area for the relevant vitamin E form fromCalculate the percentage of C29H50O2, C31H52O3, or C33H54O5
the Sample solutionin the portion of Tablets taken:

rS = peak area for the relevant vitamin E form from
the Standard solutionResult = (rU/rS) × (CS/CU) × 100

CS = concentration of the corrresponding USP Refer-
rU = peak area for the relevant vitamin E form from ence Standard in the Standard solution

the Sample solution (mg/mL)
rS = peak area for the relevant vitamin E form from CU = nominal concentration of the Sample solution

the Standard solution (mg/mL)
CS = concentration of the corrresponding USP Refer- Calculate the alpha tocopherol equivalent of alpha

ence Standard in the Standard solution tocopheryl acetate or alpha tocopheryl acid succinate by
(mg/mL) multiplying the content, in mg, by the factor 0.91 or 0.81,

CU = concentration of the Sample solution (mg/mL) respectively.
[NOTE—The initial extraction to 26.5 mL of 2,2,4-trimethyl- Acceptance criteria:  90.0%–165.0% of the labeled amount
pentane has been accounted for in the calculation formula.] of vitamin E as C29H50O2, C31H52O3, or C33H54O5

Calculate the alpha tocopherol equivalent of alpha • PHYTONADIONE, Method 1
tocopheryl acetate or alpha tocopheryl acid succinate by [NOTE—Use low-actinic glassware throughout this procedure.]
multiplying the content, in mg, by the factor 0.91 or 0.81, Mobile phase:  Methanol and water (19:1)
respectively. Standard stock solution:  200 µg/mL of USP Phytonadione

Acceptance criteria:  90.0%–165.0% of the labeled amount RS in methanol. Dissolve with the aid of sonication if
of vitamin E as C29H50O2, C31H52O3, or C33H54O5 necessary.

• VITAMIN E, Method 3 Standard solution:  Pipet 10 mL of the Standard stock solution
[NOTE—Where vitamin E (alpha tocopherol, alpha tocopheryl into a 100-mL volumetric flask, and dilute with methanol to
acetate, or alpha tocopheryl acid succinate) is specified in the volume.
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System suitability solution:  Transfer 65 mg of USP Alpha tightly. Shake or mix using a vortex mixer for 15 min to thor-
Tocopheryl Acetate RS to a 100-mL volumetric flask, and dis- oughly mix the contents. Centrifuge to separate the two lay-
solve in 75 mL of methanol. Add 10 mL of Standard stock ers. Transfer a volume of the top layer of petroleum ether,
solution, and dilute with methanol to volume. equivalent to 5–50 µg of the expected amount of phytona-

Sample solution:  Transfer NLT 20 mL of the solution retained dione, to an appropriate flask. Place the flask in a water bath
as specified in the directions for Sample solution in the assay at 35°–45°, and evaporate the solvent under a stream of nitro-
for Vitamin A, Method 1 to a suitable container, and evaporate gen until an oily residue is left. Dissolve the residue in a vol-
in a vacuum at room temperature to dryness. Transfer the ume of Solvent to obtain a concentration of 1 µg/mL of
residue with the aid of methanol to a suitable volumetric flask, phytonadione.
and dilute with methanol to volume to obtain a concentration Chromatographic system
of 20 µg/mL of phytonadione. (See Chromatography 〈621〉, System Suitability.)

Chromatographic system Mode:  LC
(See Chromatography 〈621〉, System Suitability.) Detector:  Fluorometric detector set at 320 nm for excitation
Mode:  LC and 420 nm for emission
Detector:  UV 254 nm Column:  4.6-mm × 25-cm; 5-µm, end-capped packing L1,
Column:  8-mm × 10-cm; 5-µm packing L1 and a postcolumn reactor constituted with a 4.6-mm × 3-cm
Injection size:  100 µL PEEK column tightly packed with zinc powder. [NOTE—Pre-

System suitability pare the postcolumn reactor daily, or as necessary, to meet
Samples:  Standard solution and System suitability solution the system suitability requirements.]
[NOTE—The relative retention times for alpha tocopheryl ace- Flow rate:  1 mL/min
tate and phytonadione are about 0.68 and 1.0, respectively, Injection size:  25 µL
Standard solution.] System suitability

Suitability requirements Sample:  Standard solution
Resolution:  NLT 5 between alpha tocopheryl acetate and Suitability requirements
phytonadione, System suitability solution [NOTE—The relative retention times for the internal standard

Relative standard deviation:  NMT 3.0%, Standard and phytonadione are 1.0 and 1.4, respectively.]
solution Column efficiency:  NLT 2500 theoretical plates for the

Analysis phytonadione peak
Samples:  Standard solution and Sample solution Tailing factor:  NMT 1.5 for the phytonadione peak
Calculate the percentage of C31H46O2 in the Tablets taken: Relative standard deviation:  NMT 3.0%

Analysis
Result = (rU/rS) × (CS/CU) × 100 Samples:  Standard solution and Sample solution

Calculate the percentage of C31H46O2 in the portion of Tab-
rU = peak area for phytonadione from the Sample so- lets taken:

lution
rS = peak area for phytonadione from the Standard Result = (RU/RS) × (CS/CU) × 100

solution
CS = concentration of USP Phytonadione RS in the RU = peak response ratio of phytonadione to that of

Standard solution (mg/mL) the internal standard from the Sample solution
CU = nominal concentration of phytonadione in the RS = peak response ratio of phytonadione to that of

Sample solution (mg/mL) the internal standard from the Standard solu-
Acceptance criteria:  90.0%–165.0% of the labeled amount tion
of C31H46O2 CS = concentration of USP Phytonadione RS in the

• PHYTONADIONE, Method 2 Standard solution (µg/mL)
[NOTE—Use low-actinic glassware throughout this procedure.] CU = nominal concentration of the Sample solution

Solvent:  Methanol and isopropanol (19:1) (µg/mL)
Mobile phase:  Mix 800 mL of methanol, 200 mL of methyl- Acceptance criteria:  90.0%–165.0% of the labeled amount
ene chloride, 0.1 mL of glacial acetic acid, 1.36 g of zinc of C31H46O2

chloride, and 0.41 g of sodium acetate. • BETA CAROTENE
Internal standard solution:  5 µg/mL of menaquinone 4 (vi- [NOTE—Use low-actinic glassware throughout this procedure.]
tamin K2) in Solvent. [NOTE—A concentrated stock solution of Potassium hydroxide solution:  Dissolve 58.8 g of potassium
menaquinone 4 (100 µg/mL) can be stored for 2 months in a hydroxide in 50 mL of water.
refrigerator.] Iodine solution:  0.01 mg/mL of iodine in cyclohexane.

Standard stock solution:  Dissolve a quantity of USP Phytona- [NOTE—Prepare this solution fresh daily]
dione RS in methylene chloride with the aid of sonication. Sample solution:  Weigh NLT 20 Tablets. Grind the Tablets to
Dilute with Solvent to obtain a concentration of 5 µg/mL. a fine powder, and transfer a quantity of the powder,

Standard solution:  Standard stock solution, Internal standard equivalent to 2 mg of beta carotene, to a 500-mL saponifica-
solution, and Solvent (1:1:3). Filter through a membrane hav- tion flask. Add 100 mL of alcohol, 6 mL of Potassium hydroxide
ing a 0.45-µm or finer porosity. solution, and a magnetic stirring bar. Attach an air condenser

Sample solution:  Finely powder NLT 20 Tablets. To a centri- to the flask, and heat under reflux for 45 min with constant
fuge tube fitted with a cap, transfer an amount of powder, stirring. Cool to room temperature, add 170 mL of solvent
not exceeding 800 mg, and equivalent to an amount of hexane, and stir for 30 min. Transfer the contents of the flask
phytonadione not exceeding 50 µg. Add 4 mL of water. Insert to a 500-mL separatory funnel with portions of solvent hex-
the stopper and mix using a vortex mixer until the sample is ane. Allow the layers to separate for 5–10 min, and transfer
dispersed. Place the tube in a water bath at 60° for 5 min. the upper organic layer to a 500-mL volumetric flask. Transfer
Remove from the bath, and again shake or mix using a vortex the lower aqueous layer into the saponification flask, add 170
mixer for 1 min while the preparation is still hot. Add 8 mL of mL of solvent hexane, and stir for an additional 20 min. Trans-
alcohol and swirl the contents to mix. Place the tube in a fer the contents of the saponification flask to the separatory
water bath at 60° for 5 min. Remove from the bath, and funnel with the aid of portions of solvent hexane. Allow the
again shake or mix using a vortex mixer for 2 min while the layers to separate for 10 min. Drain the lower aqueous layer,
preparation is still hot. Cool to room temperature. Add a vol- and discard. Transfer the organic layer to the volumetric flask
ume of Internal standard solution, equivalent to 1.0 mL/each 5 containing the previously collected organic layer. Rinse the
µg of the expected amount of phytonadione in the aliquot separatory funnel with small portions of solvent hexane, and
taken. Add 20.0 mL of petroleum ether and cap the tube
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transfer the washings to the volumetric flask. Dilute the hex- ADDITIONAL REQUIREMENTS
ane extracts with solvent hexane to volume, add 3 g of anhy- • PACKAGING AND STORAGE:  Preserve in tight, light-resistant
drous sodium sulfate, shake, and allow to settle. Transfer a containers.
volume of this solution, equivalent to 100 µg of beta caro- • LABELING1 
tene, to a 50-mL volumetric flask. Evaporate under a stream of

:  Label the Tablets to state that the product is Oil-
Soluble Vitamins Tablets. The label also states the quantity of 
each vitamin/dosage unit and where necessary the chemical 
form in which it is present. Where the product contains vitamin 
E, the label indicates whether it is the d- or dl- form. Where 
more than one assay method is given for a particular vitamin,

 the labeling states the assay method used only if Method 1 is 
not used.

nitrogen to dryness, and immediately add cyclohexane. Add 2
mL of Iodine solution and heat for 15 min in a water bath
maintained at 65°. Cool rapidly and dilute with cyclohexane
to volume.

Spectrometric conditions
(See Spectrophotometry and Light-Scattering 〈851〉.)
Mode:  UV-Vis
Analytical wavelength:  452 nm • USP REFERENCE STANDARDS 〈11〉
Blank:  Cyclohexane USP Alpha Tocopheryl Acetate RS

Analysis USP Alpha Tocopheryl Acid Succinate RS
Sample:  Sample solution USP Alpha Tocopherol RS
Determine the absorbance using the Blank. Calculate the per- USP Cholecalciferol RS
centage of C40H56 in the Tablets taken: USP Ergocalciferol RS

USP Phytonadione RS
Result = (1/CU) × (AU/F) × 100 USP Vitamin A RS

CU = nominal concentration of beta carotene in the
Sample solution (mg/mL)

AU = absorbance of the Sample solution
1 USP Units of activity for vitamins, where such exist or formerly existed, areF = absorptivity of beta carotene at 452 nm, 223
equivalent to the corresponding international units, where such formerly ex-Acceptance criteria:  90.0%–165.0% of the labeled amount
isted. The USP Unit for Vitamin E has been discontinued. International units (IU)of C40H56
for vitamins also have been discontinued; however, the use of IU on the labels

PERFORMANCE TESTS of vitamin products continues. Where articles are labeled in terms of Units in
addition to the required labeling, the relationship of the USP Units or IU to
mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans retinol (vitaminChange to read: A alcohol) or 0.344 µg of all-trans retinyl acetate (vitamin A acetate) or 0.55 µg
of all-trans retinyl palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP
Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene = 0.6 µg of• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS
all-trans beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or〈2040〉:  Meet the requirements for Disintegration only. Do
cholecalciferol; 1 mg of DL-alpha tocopherol = 1.1 former USP Vitamin E Units,not perform the test for Dissolution.▲

▲USP34
1 mg of DL-alpha tocopheryl acetate = 1 former USP Vitamin E Unit, 1 mg of• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the
DL-alpha tocopheryl acid succinate = 0.89 former USP Vitamin E Unit, 1 mg ofrequirements
D-alpha tocopherol = 1.49 former USP Vitamin E Units, 1 mg of D-alpha
tocopheryl acetate = 1.36 former USP Vitamin E Units, 1 mg of D-alphaSPECIFIC TESTS
tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In terms of D-• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
alpha tocopherol equivalents, 1 mg of D-alpha tocopheryl acetate = 0.91, 1 mgPLEMENTS 〈2021〉:  The total aerobic microbial count does not
of D-alpha tocopheryl acid succinate = 0.81, 1 mg of DL-alpha tocopherol =exceed 3000 cfu/g, and the combined molds and yeasts count
0.74, 1 mg of DL-alpha tocopheryl acetate = 0.67, and 1 mg of DL-alphadoes not exceed 300 cfu/g. Tablets also meet the require-
tocopheryl acid succinate = 0.60.ments of the tests for absence of Salmonella species, Escherichia

coli, and Staphylococcus aureus.
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category,
NF 27 page 1143, page 4200 of the Second Supplement, and
page 1488 of PF 35(6) [Nov.–Dec. 2009]. It is proposed to
add Aluminum Oxide to the Coloring Agent category to comple-
ment the proposed new monograph for Aluminum Oxide,
which appears elsewhere in this issue of PF.

(EM1; EM2) RTS—C77141

Change to read:

Antimicrobial Preservative

Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Butylparaben

~

Calcium Propionate~NF28

Cetrimonium Bromide
Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Cresol
Dehydroacetic Acid
~

Erythorbic Acid~NF27

Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol
Phenoxyethanol
Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparaben
Propylparaben Sodium
Sodium Benzoate
Sodium Dehydroacetate
Sodium Propionate
Sorbic Acid
Thimerosal
Thymol

Change to read:

Antioxidant

Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene
Stannous Chloride
~

Erythorbic Acid~NF27
Hypophosphorous Acid

&Lactobionic Acid&2S (NF28)

Monothioglycerol
Potassium Metabisulfite
Propyl Gallate

Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate
Sulfur Dioxide
Tocopherol
Tocopherols Excipient

Change to read:

Buffering Agent

Acetic Acid
Adipic Acid
Ammonium Carbonate
Ammonium Phosphate
Boric Acid
Citric Acid, Anhydrous
Citric Acid Monohydrate

&Alpha-Lactalbumin&1S (NF28)

Lactic Acid
Phosphoric Acid
Potassium Citrate
Potassium Metaphosphate
Potassium Phosphate, Dibasic
Potassium Phosphate, Monobasic
Sodium Acetate
Sodium Citrate
Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Succinic Acid

Change to read:

Bulking Agent for Freeze-Drying

Creatinine

&Alpha-Lactalbumin&1S (NF28)

Mannitol
Polydextrose

&Hydrogenated Polydextrose&2S (NF28)

Pullulan
&Trehalose&2S (NF27)

Change to read:

Coating Agent

Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose, Sodium

~

Enzymatically-Hydrolyzed Carboxymethylcellulose

Sodium~NF28

Cellaburate
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate
Cellulose Acetate Phthalate (see Cellacefate)
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&Chitosan&1S (NF28)

Coconut Oil
&Hydrogenated Coconut Oil&1S (NF27)
Copovidone
Corn Syrup Solids
Ethyl Acrylate and Methyl Methacrylate Copolymer Disper-
sion
Ethylcellulose
Ethylcellulose Aqueous Dispersion

&Ethy lene Glyco l and Viny l A lcoho l Gra f t

Copolymer&1S (NF28)

Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hydroxypropyl Methylcellulose Phthalate (see Hypromel-
lose Phthalate)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Hypromellose Phthalate (formerly Hydroxypropyl Methyl-
cellulose Phthalate)

&Alpha-Lactalbumin&1S (NF28)

Maltodextrin

& M e t h a c r y l i c A c i d a n d E t h y l A c r y l a t e

Copolymer&2S (NF28)

&Partially-Neutralized Methacrylic Acid and Ethyl

Acrylate Copolymer&2S (NF28)

&Methacrylic Acid and Methyl Methacrylate

Copolymer&2S (NF28)

Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion
Methylcellulose
Palm Kernel Oil
&Palm Oil&2S (NF27)
&Hydrogenated Palm Oil&1S (NF27)

&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Glycol

~Polyvinyl Acetate~NF28

~

Polyvinyl Acetate Dispersion~NF28

Polyvinyl Acetate Phthalate
Pullulan
Fully Hydrogenated Rapeseed Oil
Superglycerinated Fully Hydrogenated Rapeseed Oil
Shellac
Starch, Pregelatinized Modified
Sucrose
Titanium Dioxide

Wax, Carnauba
Wax, Microcrystalline
Zein

Add the following:

~

Coloring Agent

Aluminum Oxide
~NF29

Change to read:

Complexing Agent

Edetate Calcium Disodium
Edetate Disodium
Edetic Acid

&Alpha-Lactalbumin&1S (NF28)

Oxyquinoline Sulfate

Change to read:

Desiccant

Calcium Chloride
Calcium Sulfate

~Polyvinyl Acetate~NF28

Silicon Dioxide

Change to read:

Emollient

Alkyl (C12-15) Benzoate

~

Butyl Stearate~NF29

Hydrogenated Soybean Oil
Hydrogenated Polydecene
Oleyl Oleate

Change to read:

Emulsifying and/or Solubilizing Agent

Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol
Stannous Chloride
Coconut Oil

~

Desoxycholic Acid~NF28

Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates
Gamma Cyclodextrin
Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate
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&Alpha-Lactalbumin&1S (NF28)

Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
Oleyl Oleate
Palm Kernel Oil
&Palm Oil&2S (NF27)

Poloxamer
Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Propylene Glycol Monostearate
Superglycerinated Fully Hydrogenated Rapeseed Oil
Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearic Acid

&Sucrose Stearate&1S (NF28)

Trolamine
Wax, Emulsifying

Change to read:

Film-Forming Agent

&Chitosan&1S (NF28)

& M e t h a c r y l i c A c i d a n d E t h y l A c r y l a t e

Copolymer&2S (NF28)

&Partially-Neutralized Methacrylic Acid and Ethyl

Acrylate Copolymer&2S (NF28)

&Methacrylic Acid and Methyl Methacrylate

Copolymer&2S (NF28)

Change to read:

Flavors and Perfumes

Almond Oil
Anethole
Benzaldehyde

&Diethyl Sebacate&2S (NF28)

Ethyl Acetate
Ethyl Vanillin

&L-Glutamic Acid, Hydrochloride&2S (NF28)

Lactitol
Maltol
Menthol
Methyl Salicylate
Monosodium Glutamate
Peppermint
Peppermint Oil
Peppermint Spirit
Rose Oil
Rose Water, Stronger
Thymol
Vanillin

Change to read:

Humectant

Corn Syrup Solids
Erythritol
Glycerin
Hexylene Glycol
Inositol
Maltitol
Polydextrose

&Hydrogenated Polydextrose&2S (NF28)

Propylene Glycol
Sorbitol
Sorbitol Sorbitan Solution

&Hydrogenated Starch Hydrolysate&1S (NF28)

Tagatose

Change to read:

Solvent

Acetone
Alcohol
Alcohol, Diluted
Amylene Hydrate
Benzyl Benzoate
Butyl Alcohol
Canola Oil
Caprylocaproyl Polyoxylglycerides
Corn Oil
Cottonseed Oil
Diethylene Glycol Monoethyl Ether
Ethyl Acetate
Glycerin
Hexylene Glycol
Hydrogenated Polydecene
Isopropyl Alcohol
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Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Methyl Alcohol
Methylene Chloride
Methyl Isobutyl Ketone

&Methylpyrrolidone&2S (NF28)

Mineral Oil
Oleoyl Polyoxylglycerides
Peanut Oil
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol
Sesame Oil
Stearoyl Polyoxylglycerides
Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified

Change to read:

Stiffening Agent

Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Esters Wax
Cetyl Palmitate
Hard Fat

&Alpha-Lactalbumin&2S (NF28)

Paraffin
Synthetic Paraffin
Fully Hydrogenated Rapeseed Oil
Superglycerinated Fully Hydrogenated Rapeseed Oil
Stearyl Alcohol
Wax, Emulsifying
Wax, White
Wax, Yellow

Change to read:

Suspending and/or Viscosity-Increasing Agent

Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12

~

Enzymatically-Hydrolyzed Carboxymethylcellulose

Sodium~NF28

~

Carmellose~NF28

Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose
Sodium

&Chitosan&1S (NF28)

~

Corn Syrup~NF27
Corn Syrup Solids
Dextrin
Gelatin
Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)

&Alpha-Lactalbumin&2S (NF28)

Magnesium Aluminum Silicate
Maltodextrin
Methylcellulose
Pectin

&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate
Pullulan
Hydrophobic Colloidal Silica
Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn

~Starch, Pea~NF28

Starch, Potato
Starch, Tapioca
Starch, Wheat

&Sucrose Palmitate&1S (NF28)

Tragacanth
Xanthan Gum

Change to read:

Sweetening Agent

Acesulfame Potassium
Aspartame
Aspartame Acesulfame
~

Corn Syrup~NF27

Corn Syrup Solids
High Fructose Corn Syrup
Dextrates
Dextrose
Dextrose Excipient
Erythritol
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Fructose
Galactose
Maltitol
Maltose
Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution

&Hydrogenated Starch Hydrolysate&1S (NF28)

Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup
Tagatose
&Trehalose&2S (NF27)

Change to read:

Tablet Binder

Acacia
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
&Silicified Microcrystalline Cellulose&2S (NF27)
&Hydrogenated Coconut Oil&1S (NF27)
Copovidone
~

Corn Syrup~NF27

Corn Syrup Solids
Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer Disper-
sion
Ethylcellulose

&Ethy lene Glyco l and Viny l A lcoho l Gra f t

Copolymer&1S (NF28)

Gelatin
Glucose, Liquid
Guar Gum
Low-Substituted Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate

&Alpha-Lactalbumin&2S (NF28)

Maltodextrin
Maltose
Methylcellulose
&Hydrogenated Palm Oil&1S (NF27)

&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Oxide

~

Polyvinyl Acetate~NF28

Povidone
Pullulan
Starch, Corn

&Hydrogenated Starch Hydrolysate&1S (NF28)

~Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Syrup
&Trehalose&2S (NF27)

Change to read:

Tablet and/or Capsule Diluent

Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
&Silicified Microcrystalline Cellulose&2S (NF27)

Cellulose, Powdered
~

Corn Syrup~NF27
Corn Syrup Solids
Dextrates
Dextrin
Dextrose Excipient
Fructose
Kaolin

&Alpha-Lactalbumin&2S (NF28)

Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
Mannitol
Propylene Glycol Monocaprylate
Pullulan
Sorbitol
Starch
Starch, Corn

&Hydrogenated Starch Hydrolysate&1S (NF28)

~

Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
&Trehalose&2S (NF27)
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Change to read:

Tablet Disintegrant

Alginic Acid
Cellulose, Microcrystalline
&Silicified Microcrystalline Cellulose&2S (NF27)
Croscarmellose Sodium
Crospovidone
Low-Substituted Hydroxypropyl Cellulose
Maltose
Polacrilin Potassium
Pullulan
Sodium Starch Glycolate
Starch
Starch, Corn

~

Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
&Trehalose&2S (NF27)

Change to read:

Tablet and/or Capsule Lubricant

&Behenoyl Polyoxylglycerides&2S (NF27)

Calcium Stearate
&Hydrogenated Coconut Oil&1S (NF27)

Glyceryl Behenate
Magnesium Stearate
Mineral Oil, Light
&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol
Polyoxyl 10 Oleyl Ether

~

Polyoxyl 15 Hydroxystearate~NF28

Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Sodium Lauryl Sulfate
Sodium Stearyl Fumarate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Starch
Stearic Acid
Stearic Acid, Purified

&Sucrose Stearate&1S (NF28)

Talc
Vegetable Oil, Hydrogenated, Type I
Zinc Stearate

Change to read:

Vehicle

FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
Corn Syrup Solids
Dextrose
&Ethyl Maltol&2S (NF27)
Peppermint Water
Sorbitol Solution
Syrup
&Trehalose&2S (NF27)

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
Canola Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Hydrogenated Polydecene
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil

~

Polyoxyl 15 Hydroxystearate~NF28

Safflower Oil
Sesame Oil
Soybean Oil
Squalane

SOLID CARRIER

&Chitosan&1S (NF28)

Corn Syrup Solids

&Alpha-Lactalbumin&2S (NF28)

Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Sugar Spheres

STERILE

~

rAlbumin Human~NF27

Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic
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Change to read:

Wetting and/or Solubilizing Agent

Benzalkonium Chloride
Benzethonium Chloride
Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer
Polyoxyl 10 Oleyl Ether

~Polyoxyl 15 Hydroxystearate~NF28

Polyoxyl 20 Cetostearyl Ether

Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Pullulan
Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
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the Standard solution contains the equivalent of 1 ppm ofNF MONOGRAPHS lead.
Sample solution:  Dissolve 2.5 g of Aluminum Oxide in 15
mL of hydrochloric acid on a heated water bath. Dilute with
water to 100 mL. Neutralize 20 mL of the resultant solution
with strong ammonia solution, using metanil yellow solution
(1 mg/mL in methanol) as an indicator. Filter, if necessary,

BRIEFING and dilute with water to 30 mL.
Analysis:  To 12 mL of the Sample solution, add 2.0 mL of pH
3.5 acetate buffer to 1.2 mL of thioacetamide–glycerin base

Aluminum Oxide.   Because there is no existing monograph TS. To 10 mL of the Standard solution add 2.0 mL of the
for this article, a new monograph, based on the Aluminium Sample solution, and add 2.0 mL of pH 3.5 acetate buffer to
Oxide, Hydrated monograph appearing in European 1.2 mL of thioacetamide–glycerin base TS. Prepare a blank,
Pharmacopoeia 6.3, is being proposed. Interested parties are using a mixture of 10 mL of water and 2.0 of the Sample
encouraged to comment on the proposal. solution. Compared to the blank, the Standard solution shows

a light brown color.
Acceptance criteria:  Any brown color from the Sample solu-
tion is not darker than that of the Standard solution (NMT 60(EM1: R. Lafaver. NOM: A. Wilk. MSA: R. Tirumalai.) RTS—
ppm).C77141

• CHLORIDE AND SULFATE, Chloride 〈221〉
Chloride solution:  0.824 mg/mL of sodium chloride
Standard solution:  On the day of use, dilute 1.0 mL of
Chloride solution with water to 100 mL. Mix 10 mL of this
solution (5 ppm Cl) with 5 mL of water.

Add the following: Sample solution:  Dissolve 0.1 g of Aluminum Oxide with
heating in 10 mL of dilute nitric acid and dilute with water
to 100 mL. Dilute 5 mL of the solution with water to 15 mL.▲Aluminum Oxide Analysis:  Proceed as directed.

Acceptance criteria:  The Sample solution shows no more
chloride than the Standard solution (NMT 10,000 ppm).Al2O3 101.96

• CHLORIDE AND SULFATE, Sulfate 〈221〉 [1344-28-1].
Sulfate solution:  1.8 mg/mL of potassium sulfate

DEFINITION Standard solution:  On the day of use, dilute 1.0 mL of
 Aluminum Oxide contains NLT 47.0% and NMT 60.0% of Al2O3. Sulfate solution with water to 100 mL (10 ppm SO4).

Sample solution:  Dissolve 2.5 g of Aluminum Oxide in 15
IDENTIFICATION mL of hydrochloric acid on a heated water bath. Dilute with• IDENTIFICATION TESTS—GENERAL, Aluminum 〈191〉 water to 100 mL. Dilute 4 mL of this solution with water to

Sample:  2.5 g 100 mL.
Analysis:  Dissolve the Sample in 15 mL of hydrochloric acid Analysis:  Add 3 mL of a 250 mg/mL solution of barium
on a heated water bath. Dilute with water to 100 mL. chloride to 4.5 mL of Standard solution. Shake and allow to

Acceptance criteria:  Meets the requirements stand for 1 min. To 2.5 mL of this solution, add 15 mL of the
Sample solution and 0.5 mL of acetic acid. Prepare a standardASSAY
using 15 mL of Sulfate solution instead of the Sample solution.• PROCEDURE

Acceptance criteria:  After 5 min, any opalescence in theSample:  800 mg
Sample solution is not more intense than that in the StandardAnalysis:  Add the Sample to 10 mL of 2 M hydrochloric acid
solution (NMT 10,000 ppm).on a heated water bath. Cool, and dilute with water to 50.0

mL. To 10.0 mL of the solution, add dilute ammonia solution SPECIFIC TESTS
(460 mL of strong ammonia solution/L) until a precipitate be- • MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-
gins to appear. Add the smallest quantity of 0.6 M hydrochlo- CROORGANISMS 〈62〉:  It meets the requirements of the tests for
ric acid needed to dissolve the precipitate, and dilute with absence of Escherichia coli and bile-tolerant gram-negative bac-
water to 20 mL. Transfer 20 mL of the Sample to a 500-mL teria. The total aerobic bacterial count is NMT 1000 cfu/g. The
conical flask, add 25.0 mL of 0.1 M edetate disodium and 10 total combined molds and yeasts count is NMT 100 cfu/g.
mL of a mixture of equal volumes of a 155 g/L solution of • APPEARANCE OF SOLUTION
ammonium acetate and 2 N acetic acid. Boil for 2 min, then Dilute hydrochloric acid:  10 mg/mL
cool. Add 50 mL of ethanol and 3 mL of a freshly prepared Control solution:  [NOTE—Prepare immediately before use.]
250 mg/L solution of dithizone in alcohol. Titrate (see Titrime- Mix 9.6 mL of ferric chloride CS, 0.2 mL of cobaltous chloride
try 〈541〉) the excess of edetate sodium with 0.1 M zinc sulfate CS, and 0.2 mL of cupric sulfate CS with Dilute hydrochloric
until the color changes from greenish-blue to reddish-violet. acid to make 10 mL, and dilute 1.5 mL of this solution with
Each mL of 0.1 M edetate sodium is equivalent to 5.098 mg the Dilute hydrochloric acid to 100 mL.
of Al2O3. Sample solution:  2.5 g of Aluminum Oxide in 15 mL of hy-

Acceptance criteria:  47.0%–60.0% of Al2O3 drochloric acid on a heated water bath. Dilute with water to
100 mL.IMPURITIES

Analysis:  Make the comparison by viewing 2.0 mL of SampleInorganic Impurities
solution and 2.0 mL of Control solution downward in matched• ARSENIC, Method I 〈211〉
color-comparison tubes against a white surface (see Color andSample solution:  Dissolve 2.5 g of Aluminum Oxide in 15
Achromicity 〈631〉.mL of hydrochloric acid on a heated water bath. Dilute with

Acceptance criteria:  The Sample solution is not more in-water to 100 mL. Use 30 mL of this solution for the test.
tensely colored than the Control solution.Acceptance criteria:  NMT 4 ppm

• CLARITY OF SOLUTION• HEAVY METALS
Hydrazine sulfate solution:  10 mg/mL of hydrazine sulfate.Standard lead solution:  Prepare as directed under Heavy
Allow to stand for 4–6 h before use. [CAUTION—Hydrazine sul-Metals 〈231〉, Special Reagents.
fate is highly toxic. Avoid skin contact.]Standard solution:  On the day of use, dilute 1.0 mL of the

Standard lead solution with water to 100.0 mL. Each mL of
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Methenamine solution:  2.5 g of methenamine to a 100-mL Polyethylene Oxide
glass-stoppered flask, add 25.0 mL of water, insert the glass
stopper, and mix to dissolve.

Primary opalescent mixture:  To the flask containing Methe-
Add the following:namine solution, add 25.0 mL of Hydrazine sulfate solution,

mix, and allow to stand for 24 h. [NOTE—This suspension is
stable for 2 months. Mix before use, and do not use if it
adheres to the container.] ▲

Opalescent standard:  Dilute 15.0 mL of the Primary opales-
cent mixture with water to 1000.0 mL. [NOTE—Use this sus-
pension within 24 h after preparation.]

▲NF29Reference suspension:  Transfer 30.0 mL of Opalescence stan-
dard to a 100-mL volumetric flask, and dilute with water to

DEFINITIONvolume.
Sample solution:  Use the Sample solution from the test for
Appearance of Solution. Change to read:

Analysis:  Transfer a sufficient portion of the Sample solution to
a test tube of colorless, transparent, neutral glass with a flat
base and an internal diameter of 15–25 mm to obtain a depth Polyethylene Oxide is a nonionic homopolymer of ethylene oxide,
of 40 mm. Similarly transfer a portion of the Reference suspen- represented:
sion to a separate matching test tube. Compare the Sample

(OCH2CH2)nsolution and the Reference suspension in diffused daylight,
viewing vertically against a black background (see Spectropho-
tometry and Light-Scattering, Visual Comparison 〈851〉. [NOTE—

▲H(OCH2CH2)nOH▲NF29The Sample solution is to be compared to the Reference suspen-
sion 5 min after preparation of the Reference suspension.]

in which n represents the average number of oxyethylene groups.Acceptance criteria:  The Sample solution is not more opales-
▲The number n varies from about 2000 to 200,000.▲NF29 It is acent than the Reference suspension.
white to off-white powder obtainable in several grades, varying• ALKALINE IMPURITIES
in viscosity profile in an aqueous isopropyl alcohol solution. ItSample:  1.0 g
may contain a suitable antioxidant.Analysis:  Shake the Sample with 20 mL of carbon dioxide-free

water for 1 min and filter. To 10 mL of the filtrate add 0.1 mL IDENTIFICATION
of phenolphthalein TS. • A. INFRARED ABSORPTION 〈197K〉

Acceptance criteria:  Any pink color disappears with the addi- Sample:  Previously dried in a vacuum at room temperature to
tion of 0.3 mL of 0.1 M hydrochloric acid. constant weight

• NEUTRALIZING CAPACITY:  Carry out the test at 37°. Disperse
0.5 g of aluminum oxide in 100 mL of water, heat, add 100.0

Change to read:mL of 0.1 M hydrochloric acid, previously heated, and stir con-
tinuously: the pH of the solution after 10, 15, and 20 min is
NLT 1.8, 2.3, and 3.0 respectively and is at no time greater

• B.  The aqueous isopropyl alcohol solution viscosity, deter-than 4.5. Add 10.0 mL of 0.5 M hydrochloric acid, previously
mined using a suitable viscometer with appropriate validationheated, stir continuously for 1 h, and titrate with 0.1 M so-
at 25° and in a concentration as directed in the labeling, fallsdium hydroxide to pH 3.5: NMT 35.0 mL of 0.1 M sodium
within the viscosity range indicated by the labeling.hydroxide is required.

▲Viscosity
[NOTE—Based on Labeling information, perform the followingADDITIONAL REQUIREMENTS
test accordingly.]• PACKAGING AND STORAGE:  Preserve in a tight container at a

Analysis:  Pass Polyethylene Oxide through a 20-meshtemperature not exceeding 30°.▲NF29
screen. Then transfer Polyethylene Oxide to a 800-mL low-
form beaker the amount which is specified in Table 1 to pro-
vide the solution concentration.

BRIEFING

Table 1

Sample solutionPolyethylene Oxide,  NF 27 page 1312. On the basis of com-
1% Solution 2% Solution 5% SolutionPolyethylenements and data received, it is proposed to make the following

oxide weightrevisions. 6 g 12 g 30 g
1.  Add a chemical structure.

Add 125 mL of dehydrated isopropyl alcohol to the beaker.2.  Update the Definition of this monograph.
Place the stirrer into the beaker with an appropriate glass3.  Update Identification test B to include a detailed procedure
cover. Stir the polyethylene oxide-isopropanol mixture at afor viscosity measurement.
rate to ensure that a slurry is formed. Add the prescribed4.  Subsequently, revise the Labeling section.
amount of water to the polyethylene oxide-isopropanol
slurry, refer to Table 2. All solution concentrations are based
on the water content of the aqueous isopropyl alcohol solu-(EM2: H. Wang.) RTS—C83102 tion. Be careful to avoid splashing of the water. Adjust the
temperature to near 25° to assist the final solution coming
to temperature.

Table 2

Sample solution
1% Solution 2% Solution 5% SolutionWater weight

594 g 588 g 570 g
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Ensure that the stirring is very effective at the beginning for Standard solution C:  To a tared vial add 1.0 g of Polyethyl-
about 1 min. Then allow to gently stir for at least 3 h. ene Oxide, and seal the vial. Through the septum add 6.0 µL
Ensure that Polyethylene Oxide dissolves in solution, take of Standard stock solution, heat the vial at 100° for 30 min,
care to avoid mixing in excess air, and stop the stirring. and cool to room temperature.
[NOTE—Ensure a colloidal dispersion by stirring for at least 3 Standard solution D:  To a tared vial add 1.0 g of Polyethyl-
h if added antioxidant or silicon dioxide is not soluble in the ene Oxide, and seal the vial. Through the septum add 8.0 µL
system.] of Standard stock solution, heat the vial at 100° for 30 min,

Place a watchglass over the beaker and place in a bath for at and cool to room temperature.
least 30 min. When the solution reaches 25 ± 0.1°, deter- Sample solution:  To a tared vial add 1.0 g of Polyethylene
mine the viscosity of the Sample solution using the viscome- Oxide, and seal the vial. Heat the vial at 100° for 30 min,
ter, spindle, and speed indicated on the Labeling. [NOTE—A and cool to room temperature.
guard may be required as indicated on the Labeling.] Follow Chromatographic system
the instrument manufacturer’s directions to measure the ap- (See Chromatography 〈621〉, System Suitability.)
parent viscosity. Mode:  GC

Acceptance criteria:  Viscosity falls within the viscosity range Detector:  Flame ionization
indicated by the Labeling.▲NF29 Column:  0.53-mm × 10-m capillary column bonded with

a 20-µm layer of phase G45
IMPURITIES Temperature
Inorganic Impurities Injector:  200°
• HEAVY METALS, Method II  〈231〉:  NMT 10 ppm Detector:  250°
• SILICON DIOXIDE AND NONSILICON DIOXIDE RESIDUE ON IGNITION Column:  See the temperature program table below.

Sample:  1 g
Analysis:  Weigh the Sample into a previously ignited, tared

Hold Time at50-mL platinum crucible. Add 4 drops of sulfuric acid. Heat
Initial Temperature Final Finalcarefully on a hot plate until the specimen is thoroughly

Temperature Ramp Temperature  Temperaturecharred and fumes no longer are evolved. Ignite the crucible
(°) (°/min) (°) (min)at 700 ± 25° (see Residue on Ignition 〈281〉) to constant
70 — 70 5weight. Wet the residue carefully with 1 mL of water, and
70 10 200 5slowly add 20 drops of hydrofluoric acid. [CAUTION—Hydro-

fluoric acid is an extremely hazardous chemical. When han-
Flow rate:  15 mL/mindling it, wear a face shield, arm protection, and rubber
Injection size:  300 µL of headspace gasgloves, and perform the operation in a hood.] Evaporate
Injection type:  Splitslowly on a hot plate to dryness, then ignite at 700 ± 25° for
Carrier gas:  Helium10 min, cool to room temperature in a desiccator, and
[NOTE—The makeup gas is also helium, with a split flowweigh. Repeat the addition of hydrofluoric acid, evaporation,
rate of 15 mL/min.]and ignition, to constant weight.

System suitabilityCalculate the percentage of silicon dioxide residue on igni-
Samples:  Standard stock solution and Standard solution Ction from the difference between the net weights before
Suitability requirementsand after the hydrofluoric acid treatment.
Relative standard deviation:  NMT 5%. [NOTE—MultipleCalculate the percentage of nonsilicon dioxide residue on ig-
vials are prepared for replicate injections.]nition from the final net weight.

AnalysisAcceptance criteria
Samples:  Standard solutions A–D and Sample solutionSilicon dioxide residue on ignition:  NMT 3%
[NOTE—A headspace apparatus that automatically transfersNonsilicon dioxide residue on ignition:  NMT 2%
the measured amount of gaseous headspace may be usedOrganic Impurities
to perform the injections.]• PROCEDURE: LIMIT OF FREE ETHYLENE OXIDE

Using a gas-tight syringe, separately inject equal volumesStandard stock solution:   [CAUTION—Ethylene oxide is toxic
(about 300 µL) of the gaseous headspace of each of theand flammable. Prepare solutions of it in a well-ventilated
Standard solutions and the Sample solution into the gasfume hood.] Prepare the solution using the special handling
chromatograph, record the chromatograms, and measuredescribed below. Ethylene oxide is a gas at room tempera-
the areas of the peak responses. Determine by a retentionture. It is usually stored in a lecture-type gas cylinder or small
time comparison whether ethylene oxide is detected in themetal pressure bomb. Chill the cylinder in a refrigerator
Sample solution. Plot the responses of the Sample solutionbefore use. Transfer 5 mL of the liquid ethylene oxide to a
and the Standard solutions versus the content, in µg, ofcold, 10-mL serum vial. Seal the vial, and store in a refrigera-
ethylene oxide in each vial, as furnished by the Standardtor. Transfer 40 g of acetone to a tared 50-mL serum vial that
stock solution. Draw the straight line best fitting the fiveis capable of being tightly sealed with a polytef-lined septum
points, and calculate the correlation coefficient for the line.and a metallic crimp cap. Seal the vial, and weigh it. Using a
[NOTE—The content of ethylene oxide, as furnished by thegas-tight gas chromatographic syringe that has been chilled
Standard stock solution, is 0 µg in the Sample solution.]in a refrigerator, transfer 60 µL of the liquefied ethylene ox-

A suitable system is one that yields a line having a correla-ide to the same vial. Weigh the vial, and determine the
tion coefficient of NLT 0.99. Extrapolate the line until itamount added by weight difference. The solution contains
intercepts the content axis on the negative side. From theabout 1 µg/µL of ethylene oxide. [NOTE—This solution may
intercept, determine the total amount, TU, in µg, of ethyl-be kept for 1 week in the crimp-sealed serum vial, stored in a
ene oxide in the Sample solution.freezer.]

Calculate the percentage of ethylene oxide in the portion of[NOTE—Standard solutions A–D and the Sample solution should
Polyethylene Oxide taken:be prepared in vials designed for use in the headspace sam-

pling system specified in the Chromatographic system.]
Result = (TU/W) × 100Standard solution A:  To a tared vial add 1.0 g of Polyethyl-

ene Oxide, and seal the vial. Through the septum add 2.0 µL TU = total amount of ethylene oxide in the Sampleof Standard stock solution, heat the vial at 100° for 30 min, solution (µg)and cool to room temperature. W = weight of Polyethylene Oxide taken to prepareStandard solution B:  To a tared vial add 1.0 g of Polyethyl- the Sample solution (µg)ene Oxide, and seal the vial. Through the septum add 4.0 µL
of Standard stock solution, heat the vial at 100° for 30 min,
and cool to room temperature.
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Acceptance criteria:  NMT 0.001% and acceptable limits, giving the viscosity measurement pa-
rameters, concentration of the solution, and the type of equip-

SPECIFIC TESTS ment used.▲NF29 Label it to indicate the name and quantity of
• LOSS ON DRYING 〈731〉:  Dry 4 g at 105° for 45 min: it loses any added antioxidant.

NMT 1.0% of its weight. • USP REFERENCE STANDARDS 〈11〉
USP Polyethylene Oxide RSADDITIONAL REQUIREMENTS

• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-
tainers. No storage requirements specified.

Change to read:

• LABELING:  The labeling indicates its viscosity profile in aqueous
isopropyl alcohol solution.▲Label it to indicate the viscosity
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GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

BRIEFING

h1i Injections, USP 32 page 31, page 4133 of the Second
Supplement, the Revision Bulletin posted on the USP Website
on July 29, 2009 (indefinitely postponed), and page 1214 of
PF 35(5) [Sept.–Oct. 2009]. On the basis of continuing interest
in advancing an optimal labeling standard that promotes safe
medication use, and after careful deliberations with industry,
FDA representatives, and healthcare practitioners, it is pro-
posed to revise this section of the General Chapter to include
an intent statement to define the purpose of the standard
and clearly delineate what is allowed on the ferrule and cap
overseal. Other clarifications to this section also are proposed.

(NOM: S. Becker) RTS—C74658

Change to read:

PACKAGING

Containers for Injections

Containers, including the closures, for preparations for injec-
tions do not interact physically or chemically with the prepara-
tions in any manner to alter the strength, quality, or purity
beyond the official requirements under the ordinary or custom-
ary conditions of handling, shipment, storage, sale, and use.
The container is made of material that permits inspection of
the contents. The type of glass preferable for each parenteral
preparation is usually stated in the individual monograph. Un-
less otherwise specified in the individual monograph, plastic
containers may be used for packaging injections (see Con-
tainers—Plastics h661i).

For definitions of single-dose and multiple-dose containers,
see Containers in the General Notices and Requirements. Con-
tainers meet the requirements under Containers—Glass h660i
and Containers—Plastics h661i.

Containers are closed or sealed in such a manner as to pre-
vent contamination or loss of contents. Validation of container
integrity must demonstrate no penetration of microbial con-

tamination or chemical or physical impurities. In addition, the
solutes and the vehicle must maintain their specified total and
relative quantities or concentrations when exposed to anticipa-
ted extreme conditions of manufacturing and processing, and
storage, shipment, and distribution. Closures for multiple-dose
containers permit the withdrawal of the contents without re-
moval or destruction of the closure. The closure permits pene-
tration by a needle and, upon withdrawal of the needle, closes
at once, protecting the container against contamination. Vali-
dation of the multiple-dose container integrity must include
verification that such a package prevents microbial contamina-
tion or loss of product contents under anticipated conditions of
multiple entry and use.

Piggyback containers are usually intravenous infusion con-
tainers used to administer a second infusion through a connect-
or of some type or an injection port on the administration set of
the first fluid, thereby avoiding the need for another injection
site on the patient’s body. Piggyback containers are also known
as secondary infusion containers.

Potassium Chloride for Injection
Concentrate

The use of a black closure system on a vial (e.g., a black flip-
off button and a black ferrule to hold the elastomeric closure) or
the use of a black band or series of bands above the constriction
on an ampul is prohibited, except for Potassium Chloride for In-
jection Concentrate.

Neuromuscular Blocking and Paralyzing
Agents

All injectable preparations of neuromuscular blocking agents
and paralyzing agents must be packaged in vials with a caution-
ary statement printed on the ferrules or cap overseals. Both the
container cap ferrule and the cap overseal must bear in black or
white print (whichever provides the greatest color contrast with
the ferrule or cap color) the words: ‘‘Warning: Paralyzing
Agent’’ or ‘‘Paralyzing Agent’’ (depending on the size of the
closure system). Alternatively, the overseal may be transparent
and without words, allowing for visualization of the warning la-
beling on the closure ferrule.

Containers for Sterile Solids

Containers, including the closures, for dry solids intended for
parenteral use do not interact physically or chemically with the
preparation in any manner to alter the strength, quality, or pu-
rity beyond the official requirements under the ordinary or cus-
tomary conditions of handling, shipment, storage, sale, and
use.

A container for a sterile solid permits the addition of a suitable
solvent and withdrawal of portions of the resulting solution or
suspension in such manner that the sterility of the product is
maintained.

Where the Assay in a monograph provides a procedure for
the Assay preparation, in which the total withdrawable contents
are to be withdrawn from a single-dose container with a hypo-
dermic needle and syringe, the contents are to be withdrawn as
completely as possible into a dry hypodermic syringe of a rated
capacity not exceeding three times the volume to be with-
drawn and fitted with a 21-gauge needle not less than 2.5
cm (1 inch) in length, with care being taken to expel any air
bubbles, and discharged into a container for dilution and assay.
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Volume in Container

&Container Content&2S (USP33)

Each container of an injection is filled with sufficient excess of
the labeled ‘‘size’’ or that volume which is to be withdrawn. See
Injections under Pharmaceutical Dosage Forms h1151i.
&Each container of an injection contains sufficient excess

to allow withdrawal of the labeled quantity of drug. Such

withdrawal shall be performed according to labeled di-

rections, if provided.&2S (USP33)

DETERMINATION OF VOLUME OF INJECTION IN CONTAINERS

&This section is harmonized with the corresponding texts

of the European Pharmacopoeia and/or the Japanese

Pharmacopoeia. These pharmacopeias have undertaken

not to make any unilateral change to this harmonized

section. A portion of the present text (see below) is na-

tional USP text, and therefore not part of the harmonized

text; it is marked with symbols (^^) to specify this fact.&2-

S (USP33)

Suspensions and emulsions must be shaken before withdraw-
al of the contents and before the determination of the density.
Oily and viscous preparations may be warmed according to the
instructions on the label, if necessary, and thoroughly shaken
immediately before removing the contents. The contents are
then cooled to 208–258C before measuring the volume.

&^Sterile solid formulations must be constituted accord-

ing to labeled directions before removing the contents.

Contents are then to be measured following the proce-

dures for suspensions, emulsions, or solutions, as appro-

priate.^&2S (USP33)

Single-Dose Containers—Select 1 container if the volume
of the container is 10 mL or more, 3 containers if the nominal
volume is more than 3 mL and less than 10 mL, or 5 containers
if the nominal volume is 3 mL or less. Take up individually the
total contents of each container selected into a dry syringe of a
capacity not exceeding three times the volume to be measured
and fitted with a 21-gauge needle not less than 2.5 cm (1 inch)
in length. Expel any air bubbles from the syringe and needle,
and then discharge the contents of the syringe, without emp-
tying the needle, into a standardized, dry cylinder (graduated
to contain rather than to deliver the designated volumes) of
such size that the volume to be measured occupies at least
40% of its graduated volume. Alternatively, the volume of the
contents in mL may be calculated as the mass, in g, divided by
the density. For containers with a nominal volume of 2 mL or
less, the contents of a sufficient number of containers may be
pooled to obtain the volume required for the measurement,
provided that a separate, dry syringe assembly is used for each
container. The contents of containers holding 10 mL or more
may be determined by means of opening them and emptying
the contents directly into the graduated cylinder or tared bea-
ker.

The volume is not less than the nominal volume in the case of
containers examined individually or, in the case of containers
with a nominal volume of 2 mL or less, is not less than the
sum of the nominal volumes of the containers taken collectively.

Multi-Dose Containers—For Injections in multiple-dose
containers labeled to yield a specific number of doses of a stated
volume, select 1 container, and proceed as directed for single-
dose containers, using the same number of separate syringe as-
semblies as the number of doses specified. The volume is such
that each syringe delivers not less than the stated dose.

Injections in Cartridges or Prefilled Syringes—Select 1
container if the volume is 10 mL or more, 3 containers if the
nominal volume is more than 3 mL and less than 10 mL, or 5
containers if the nominal volume is 3 mL or less. If necessary, fit
the containers with the accessories required for their use (nee-
dle, piston, syringe) and transfer the entire contents of each
container without emptying the needle into a dry tared beaker
by slowly and constantly depressing the piston. Determine the
volume in mL, calculated as the mass, in g, divided by the den-
sity.

The volume measured for each of the containers is not less
than the nominal volume.

Large-Volume Intravenous Solutions—For intravenous
solutions, select 1 container. Transfer the contents into a dry
measuring cylinder of such a capacity that the volume to be de-
termined occupies at least 40% of the nominal volume of the
cylinder. Measure the volume transferred.

The volume is not less than the nominal volume.

Labeling on Ferrules and Cap Overseals

Only cautionary statements are to appear on the top (circle)
surface of the ferrule or cap overseal of a vial containing an in-
jectable product. A cautionary statement is one intended to
prevent an imminent life-threatening situation if the injectable
drug is used inappropriately. Examples of such statements in-
clude but are not limited to the following: ‘‘Warning’’, ‘‘Dilute
Before Using’’, ‘‘Paralyzing Agent’’, ‘‘I.M. Use Only’’, and ‘‘Che-
motherapy’’.

The text must be in contrasting color and conspicuous under
ordinary conditions of use. The cautionary statement may ap-
pear solely on the ferrule, provided the cap overseal is con-
structed so as to allow the cautionary statement beneath the
cap to be readily legible.

Identifying numbers or letters, such as code numbers, lot
numbers, etc., may appear on the side (skirt) surface of the fer-
rule on vials containing injectable products. The appearance of
such identifying data on the skirt surface of the ferrule, placed
where it does not detract from, or interfere with, the cautionary
statement on the top surface, should be considered to be a
beneficial attribute of the in-process quality control of a product
throughout the manufacturing process. Any anticounterfeiting
scheme must not detract from or interfere with the cautionary
statements.

Under no circumstances would advertising such as company
names, logos, or product names be permitted to appear on the
top (circle) surface of any ferrule or cap overseal.

(Official February 1, 2009)

~

Busy healthcare practitioners using injectable prod-

ucts must be able to easily see and act on labeling state-

ments that convey important safety messages critical for

the prevention of imminent life-threatening situations.

These cautionary labeling statements must be simple,

concise, and devoid of nonessential information. Prod-

ucts that do not require such statements should be clear-

ly differentiated, so that those with cautionary
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statements are immediately apparent. Accomplishing

this requires a systematic approach to labeling of inject-

able products, and one that assures that the ferrule and

cap overseal—an area of these products that is highly vis-

ible to practitioners as they use these medicines—is re-

served for critical safety messages. Accordingly:

1. Only cautionary statements may appear on the top

(circle) surface of the ferrule and/or cap overseal of a

vial containing an injectable product. A cautionary

statement is one intended to prevent an imminent

life-threatening situation and may include instruc-

tional statements that provide potency or other

safety-related instructions if warranted. Examples of

such statements include but are not limited to:

‘‘Warning–Paralyzing Agent’’ and ‘‘Dilute Before

Using.’’ The cautionary statement should be printed

in a contrasting color and clearly visible under ordi-

nary conditions of use. The cautionary statement

should appear on both the ferrule and cap but may

appear solely on the ferrule if the cap overseal is

transparent and the cautionary statement beneath

the cap is readily legible.

2. If no cautionary statement is necessary, the top sur-

face of the vial, including the ferrule and cap over-

seal, must remain blank.

3. Other statements or features including but not limi-

ted to identifying numbers or letters, such as code

numbers, lot numbers, company names, logos, or

product names, etc., may appear on the side (skirt)

surface of the ferrule on vials containing injectable

products but not on the top (circle) surface of the fer-

rule or cap overseal. The appearance of such state-

ments or features on the skirt surface of the ferrule

should not detract from, or interfere with, the cau-

tionary statement on the top surface.~USP34

Packaging and Storage

The volume of injection in single-dose containers provides
the amount specified for parenteral administration at one time
and in no case is more than sufficient to permit the withdrawal
and administration of 1 L.

Preparations intended for intraspinal, intracisternal, or peri-
dural administration are packaged only in single-dose con-
tainers.

Unless otherwise specified in the individual monograph, a
multiple-dose container contains a volume of Injection suffi-
cient to permit the withdrawal of not more than 30 mL.

The following injections are exempt from the 1-L restriction
of the foregoing requirements relating to packaging:
1. Injections packaged for extravascular use as irrigation solu-

tions or peritoneal dialysis solutions
2. Injections packaged for intravascular use as parenteral nu-

trition or as replacement or substitution fluid to be admin-
istered continuously during hemofiltration

Injections packaged for intravascular use that may be used for
intermittent, continuous, or bolus replacement fluid adminis-
tration during hemodialysis or other procedures, unless except-
ed above, must conform to the 1-L restriction.

Injections labeled for veterinary use are exempt from packag-
ing and storage requirements concerning the limitation to sin-
gle-dose containers and the limitation on the volume of
multiple-dose containers.

Change to read:

FOREIGN AND PARTICULATE MATTER

All articles intended for parenteral administration shall be
prepared in a manner designed to exclude particulate matter
as defined in Particulate Matter in Injections h788i and other for-
eign matter. Each final container of all parenteral preparations
shall be inspected to the extent possible for the presence of ob-
servable foreign and particulate matter (hereafter termed ‘‘vis-
ible particulates’’) in its contents. The inspection process shall
be designed and qualified to ensure that every lot of all paren-
teral preparations is essentially free from visible particulates.
Qualification of the inspection process shall be performed with
reference to particulates in the visible range of a type that might
emanate from the manufacturing or filling process. Every con-
tainer whose contents shows evidence of visible particulates
shall be rejected. The inspection for visible particulates may take
place when inspecting for other critical defects, such as cracked
or defective containers or seals, or when characterizing the ap-
pearance of a lyophilized product.

Where the nature of the contents or the container-closure
system permits only limited capability for the inspection of
the total contents, the 100% inspection of a lot shall be supple-
mented with the inspection of constituted (e.g., dried) or with-
drawn (e.g., dark amber container) contents of a sample of
containers from the lot.

All large-volume Injections for single-dose infusion and small-
volume Injections are subject to the light obscuration or micro-
scopic procedures and limits for subvisible particulate matter
set forth in Particulate Matter in Injections h788i, unless other-
wise specified in the individual monograph. An article packaged
as both a large-volume and a small-volume Injection meets the
requirements set forth for small-volume Injections where the
container is labeled as containing 100 mL or less, if the individ-
ual monograph states a test for Particulate Matter in Injections
h788i; it meets the requirements set forth for large-volume In-
jections for single-dose infusion where the container is labeled
as containing more than 100 mL. Injections administered exclu-
sively by the intramuscular or subcutaneous route or packaged
and labeled for use as irrigating solutions are exempt from re-
quirements for Particulate Matter in Injections h788i.
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&Solutions for injection administered by the intramuscu-

lar or subcutaneous route must meet the requirements of

Particulate Matter in Injections h788i. Parenterals pack-

aged and labeled exclusively for use as irrigating solu-

tions are exempt from the requirements of Particulate

Matter in Injections h788i. Radiopharmaceutical prepara-

tions are exempt from the requirements of Particulate

Matter in Injections h788i. Parenteral products for which

the labeling specifies the use of a final filter prior to ad-

ministration are exempt from the requirements of Partic-

ulate Matter in Injections h788i, provided that scientific

data are available to justify this exemption.&1S (USP33)

LIMIT TESTS

BRIEFING

h232i Elemental Impurities—Limits. This proposed new
general test chapter is the first of two being developed to re-
place the general test chapter Heavy Metals h231i; the second
chapter is Elemental Impurities—Limits h233i. The term elemen-
tal impurities is used here as an alternative to the term heavy
metals. The limits presented in this chapter are based on in-
depth review of the toxicological literature and discussions in-
volving several experts in metal toxicology. These limits, based
on documented toxicity and regulatory recommendations, fo-
cus on the four most toxic and best-understood metals: lead,
mercury, arsenic, and cadmium. The chapter also provides lim-
its of metal catalysts that can be added in the production of a
drug substance or excipient. The metal catalyst limits are the
same as those published by the European Medicines Agency
(EMEA),* with the exception of iron and zinc, which because
of their low toxicity were not included. The chapter also de-
scribes three separate options for determination of compliance
with limits. These options are similar to those presented in the
chapter Residual Solvents h467i.

(GC: K. Zaidi.) RTS—C79497

Add the following:

~h232i ELEMENTAL IMPURITIES—
LIMITS

INTRODUCTION

The objective of this chapter is to set limits on the

amounts of elemental impurities in pharmaceuticals.

The chapter applies to drug substances, drug products

(including natural-source and rDNA biologics), and ex-

cipients. Dietary supplements and their ingredients are

addressed in chapter Elemental Impurities in Dietary Sup-

plements h2232i. For articles that are designated ‘‘For

Veterinary Use Only,’’ higher or lower levels for the per-

missible daily exposure and concentration limit may be

justified in exceptional cases, based on the actual daily

dose, actual target species, relevant toxicological data,

and consumer safety considerations.

Elemental impurities addressed in this chapter are clas-

sified as shown in Table 1.

Table 1. Elemental Impurity Classes

Class Assessment

Class 1 Elements should be essentially absent

Known or strongly suspected human

toxicants

Environmental hazards

Class 2 Elements should be limited

Elements with less toxicity than Class 1

Elements deliberately added to an article

Class 1 Elemental Impurities

Compliance with the limits specified for Class 1 ele-

mental impurities is required for all drug products, re-

gardless of the likelihood of the presence of impurities.

The presence of unexpected elemental contaminants,* See page 6 at http://www.emea.europa.eu/pdfs/human/swp/
444600enfin.pdf.
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as well as that of impurities likely to be present, should be

considered in determining compliance and planning the

risk-based extent of testing.

Class 2 Elemental Impurities

In general, for Class 2 elemental impurities, the testing

of drug substances, excipients, and drug products for el-

emental impurities need be conducted only when these

elements are added during the manufacture of the arti-

cle.

LIMITS OF ELEMENTAL IMPURITIES

Class 1

Class 1 elemental impurities (Table 2), because of their

unacceptable toxicities or deleterious environmental ef-

fects, should not be present in a drug substance, excipi-

ent, or drug product. However, if their presence is

unavoidable, their levels should be restricted as shown

in Table 2, unless otherwise stated in the individual

monograph.

Class 2

Class 2 elemental impurities (Table 3) should be limited

in drug substances, excipients, and drug products be-

cause of their inherent toxicities.

Table 2. Class 1 Elemental Impurities

Element

Component Limit

(mg/g)

Oral Daily Dose PDE*

(mg/day)

Parenteral Compo-

nent Limit (mg/g)

Parenteral Daily

Dose PDE (mg/day)

Arsenic 1.5 15 0.15 1.5

Cadmium 0.5 5 0.05 0.5

Lead 1 10 0.1 1

Mercury 1.5 15 0.15 1.5
* Permitted daily exposure.

Table 3. Class 2 Elemental Impurities

Element

Component Limit

(mg/g)

Oral Daily Dose PDE*

(mg/day)

Parenteral Compo-

nent Limit (mg/g)

Parenteral Daily

Dose PDE (mg/day)

Chromium 25 250 2.5 25

Copper 250 2500 25 250

Manganese 250 2500 25 250

Molybdenum 25 250 2.5 25

Nickel 25 250 2.5 25

Palladium 10 100 1.0 10

Platinum 10 100 1.0 10
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Table 3. Class 2 Elemental Impurities (Continued)

Element

Component Limit

(mg/g)

Oral Daily Dose PDE*

(mg/day)

Parenteral Compo-

nent Limit (mg/g)

Parenteral Daily

Dose PDE (mg/day)

Vanadium 25 250 2.5 25

Osmium 10 (combination not

to exceed)

100 (combination

not to exceed)

1.0 (combination

not to exceed)

10 (combination

not to exceed)Rhodium

Ruthenium

Iridium
* Permitted daily exposure.

OPTIONS FOR DESCRIBING LIMITS OF ELEMENTAL

IMPURITIES

Three options are available when applying limits of el-

emental impurities for orally dosed products. Parenteral

products are covered separately (see Parenteral Products

section below).

Drug Product Analysis Option

This option is generally applicable. The results ob-

tained from the analysis of a typical dosage unit, scaled

to a maximum daily dose, are compared to the Daily

Dose PDE, as shown in Table 2 and Table 3.

Daily Dose PDE � measured value x (maximum daily

dose)

Individual Component Option

For drug products with a maximum daily dose of NMT

10 g, the product meets the requirements when each

drug substance and excipient meets the limits provided

in the Component Limit column (Table 2 and Table 3). If

all drug substances and excipients in a formulation meet

the limits shown in the Component Limit, these compo-

nents may be used in any proportion. No further calcu-

lation is necessary.

Summation Option

This option can be used for drug products that are ad-

ministered in doses other than 10 g/day or products in

which any component of a product exceeds the applica-

ble Component Limit. The Daily Dose PDE, as shown in

Table 2 and Table 3, can be used to calculate the concen-

tration of elemental impurities allowed in a drug product.

Apply this option by separately adding the amounts of

each elemental impurity (in mg/day) present in each of

the components of the drug product, using the following

equation:

Result = S1
m(CM 6 WM)

m = each ingredient used to manufacture the dosage

form

CM = element concentration in that component

(mg/g)

WM = weight of component in a dosage form (g)

The sum of the quantities of each element/day should

be less than that shown by the Daily Dose PDE in Table 2

and Table 3 for that element.
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Examples

Consider an example of the application of the Individ-

ual Component Option and the Summation Option to the

arsenic concentration in a drug product. The Daily Dose

PDE is 15 mg/day, and the Component Limit is 1.5 mg/g

(ppm). The maximum administered daily weight of a

drug product is 5.0 g, and the drug product contains

two excipients. The composition of the drug product

and the calculated maximum content of arsenic are

shown in Table 4.

Table 4

Component

Amount

in Formu-

lation (g)

Arsenic

Content

(mg/g)

Daily Ex-

posure

(mg/day)

Drug

substance

0.3 3.0 0.9

Excipient 1 0.9 1.0 0.9

Excipient 2 3.8 2.0 7.6

Drug product 5.0 — 9.4

Excipient 1 and the drug substance meet the Compo-

nent Limit, but Excipient 2 does not. Thus, the Individual

Component Option cannot be used. However, under the

Summation Option, the drug product meets the Daily

Dose PDE limit of 15 mg/day and thus conforms to the

acceptance criteria in this chapter.

Consider another example where the maximum ad-

ministered daily weight of a drug product is 5.0 g, and

the drug product contains two excipients. The composi-

tion of the drug product and the calculated maximum

content of arsenic are shown in Table 5.

Table 5

Component

Amount

in Formu-

lation (g)

Arsenic

Content

(mg/g)

Daily Ex-

posure

(mg/day)

Drug

substance

0.3 5.0 1.5

Excipient 1 0.9 5.0 4.5

Excipient 2 3.8 5.0 19.0

Drug product 5.0 — 25.0

In this example, the drug product exceeds the limits in

Table 2, using both the Individual Component Option and

the Summation Option. The manufacturer can test the

drug product by using the Drug Product Analysis Option.

If the level of arsenic in the formulation exceeds the Daily

Dose PDE, the product fails to meet the impurity limits as

described in this chapter.

Parenteral Products

Because of the presumption of 100% bioavailability of

the elemental impurity during parenteral administration,

versus the presumed 10% bioavailability via the oral

route, the Parenteral Component Limit and the Parenter-

al Daily Dose PDE (Table 2 and Table 3) are 10% of those

for the oral route of introduction. To evaluate the limits

for elemental impurities, one can apply the three options

described above, using the Parenteral Component Limit

instead of the Component Limit, and using the Parenter-

al Daily Dose PDE instead of the Oral Daily Dose PDE.

ANALYTICAL PROCEDURES

For a presentation of the alternatives for testing, see

the chapter Elemental Impurities—Procedures h233i. The

validation necessary will vary depending on the situation.

For all three options described in Chapter h232i in the

section Options for Describing Limits of Elemental Impuri-
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ties, it may be appropriate to use the section Limit Proce-

dure Validation in Chapter h233i. However, for the Sum-

mation Option in Chapter h232i, acceptable levels of

validation must be determined on a case-by-case basis.

Validation of a procedure using the Quantitative Proce-

dure Validation in Chapter h233i is acceptable for all op-

tions under all circumstances, and it is generally

preferred. The determination of the level of validation

necessary is at the discretion of the manufacturer and

the competent regulatory authority.~USP34

BRIEFING

h233i Elemental Impurities—Procedures. This pro-
posed new general test chapter is the second of two being de-
veloped to replace the general test chapter Heavy Metals h231i;
the first chapter is Elemental Impurities—Limits h232i. The pro-
cedures described in Chapter h231i are inadequate to provide
the basis for control of the elements in Chapter h232i at their
proposed limits.

This chapter describes the validation of two types of proce-
dures, limit and quantitative, for the measurement of elemental
impurities and provides criteria for the approval of alternative
procedures. The chapter also describes two referee procedures,
inductively coupled plasma–atomic (optical) emission spectros-
copy (ICP-OES) and inductively coupled plasma–mass spec-
trometry (ICP-MS), both using closed vessel microwave
digestion.

The choice of procedure, including the sample preparation
and the instrument parameters, is the responsibility of the user.

(GC: K.Zaidi) RTS—C79498

Add the following:

~h233i ELEMENTAL IMPURITIES—
PROCEDURES

INTRODUCTION

This chapter describes analytical procedures for the

evaluation of elemental impurities in USP for drug sub-

stances and drug products (including natural-source

and rDNA biologics); in NF for excipients; and in the

USP Dietary Supplements Compendium for dietary supple-

ments and dietary ingredients (all drug articles). Two re-

feree procedures are described. Criteria for the approval

of alternative procedures are also described. An alterna-

tive procedure will require complete validation for each

element of interest. In addition, a system suitability eval-

uation using a USP Reference Standard or its equivalent

should be demonstrated on the day of analysis. Alterna-

tive procedures that meet the validation requirements

described herein are considered to be equivalent to Pro-

cedures 1 and 2. A decision-tree that can be used to

guide a user to an appropriate alternative procedure is

presented in Figure 1. The test requirement is specified

in General Notices or the individual monograph.

Speciation

When elements are present in certain complexes, oxi-

dation states, or organic combinations, they may show

more significant toxicity than in other forms and may re-

quire further testing and control. The determination of

the oxidation state or organic complex or combination

is termed speciation. Analytical procedures for speciation

are not included in this chapter.
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Figure 1. Elemental impurities decision tree.

ALTERNATIVE PROCEDURE VALIDATION

REQUIREMENTS

The level of validation necessary to ensure that a pro-

cedure is appropriate for its intended purpose—that is,

that it is acceptable—will differ, depending on whether

a limit test or a quantitative determination is necessary.

The requirements for validation of an elemental impuri-

ties procedure for either type of determination are de-

scribed below.

VALIDATION OF LIMIT PROCEDURES

For elemental impurities, validation of a limit proce-

dure should include accuracy, precision, and specificity.

Following are acceptable validation parameters that al-

low a procedure to be deemed appropriate as a limit pro-

cedure:
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Accuracy

Control Sample—A preparation of certified reference

materials for the element of interest at the indicated level

Test Sample—A sample of material under test, spiked

with certified reference materials for the element of inter-

est at the indicated level, prepared in triplicate

Acceptance Criteria—Each Test sample provides a

signal of intensity or value equivalent to or greater than

that of the Control sample. [NOTE—The signal obtained

must show a change from the value obtained compared

to a blank determination.] The accuracy of the method

must be determined by conducting studies with test ma-

terials supplemented with known concentrations of each

element at the appropriate acceptance limit concentra-

tion. The test materials must be spiked before any sample

preparation steps are taken. For example, if a test mate-

rial is to be digested with a closed vessel microwave di-

gestion apparatus, the material must be spiked before

the digestion procedure.

Precision for Instrumental Methods

(Repeatability)

[NOTE—Noninstrumental precision is demonstrated by

meeting the Accuracy requirement above.]

Test Samples: Six independent samples of the ma-

terial under test, spiked with certified reference materials

for the element of interest at the indicated level

Acceptance Criteria: Relative standard deviation,

NMT 20%

Specificity

Specificity (false-negative) for an element in the

material under test will be deemed acceptable if accep-

tance criteria for accuracy and precision are obtained

for that element in the presence of other elements that,

at their indicated limits, may interfere with the evalua-

tion.

Specificity (false-positive) must also show an ab-

sence of signal for an element in the presence of other

elements that, at their indicated limits, may interfere with

the evaluation.

VALIDATION OF QUANTITATIVE PROCEDURES

The following section defines the validation parame-

ters for the acceptability of a quantitative procedure.

Meeting these requirements must be demonstrated ex-

perimentally, using an appropriate system suitability pro-

cedure and reference material.

Accuracy

Control Sample 1: 0.5J, of the certified reference

materials for the element of interest, where J is the indi-

cated limit

Control Sample 2: J, of the certified reference ma-

terials for the element of interest, where J is the indicated

limit

Control Sample 3: 1.5J, of the certified reference

materials for the element of interest, where J is the indi-

cated limit

Test Sample 1: Sample of material under test,

spiked with certified reference materials for the element

of interest at 0.5J, where J is the indicated limit [NOTE—

Prepare in triplicate.]

Test Sample 2: Sample of material under test,

spiked with certified reference materials for the element

of interest at J, where J is the indicated limit [NOTE—Pre-

pare in triplicate.]

Pharmacopeial Forum
Vol. 36(1) [Jan.–Feb. 2010] IN-PROCESS REVISION 203

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Test Sample 3: Sample of material under test,

spiked with certified reference materials for the element

of interest at 1.5J, where J is the indicated limit [NOTE—

Prepare in triplicate.]

Acceptance Criteria: Spike recovery: 80%–150%

for the mean of three replicate preparations at each con-

centration. The test materials must be supplemented be-

fore any sample preparation steps. For example, if a test

material is to be digested with a closed vessel microwave

digestion apparatus, the material must be spiked at the

beginning of the digestion procedure.

Precision

REPEATABILITY

Test Samples: Six independent samples of material

under test, spiked with certified reference materials for

the element of interest at the indicated level

Acceptance Criteria: Relative standard deviation,

NMT 20%

INTERMEDIATE PRECISION

The effect of random events on the analytical precision

of the method must be established. Acceptable experi-

ments for establishing intermediate precision include

performing the Repeatability analysis

1. On different days,

2. With different instrumentation, or

3. With different analysts.

Note that executing only one of the three experiments

listed is required in order to demonstrate intermediate

precision.

Acceptance Criteria: Relative standard deviation,

NMT 25%

Specificity

Specificity (false-negative) for an element in the

material under test will be deemed acceptable if accep-

tance criteria for accuracy and precision are obtained

for that element in the presence of other elements that

may interfere with the evaluation, at their indicated lim-

its.

Specificity (false-positive) must also show an ab-

sence of signal for an element in the presence of other

elements that, at their indicated limits, may interfere with

the evaluation.

Limit of Quantitation (Sensitivity)—Demon-

strated by meeting the Accuracy requirement.

REFEREE PROCEDURES 1 AND 2

Procedure and Detection Technique

Procedure 1 can be used for elemental impurities gen-

erally amenable to detection by inductively coupled plas-

ma–atomic (optical) emission spectroscopy (ICP-OES).

Procedure 2 can be used for elemental impurities gener-

ally amenable to detection by inductively coupled plas-

ma–mass spectrometry (ICP-MS).

Verification

Before the initial use of a referee procedure, the analyst

should ensure that the procedure is appropriate for the

instrument and sample used. This is accomplished by

procedure verification, as described in Verification of Com-

pendial Procedures h1226i.

Sample Preparation

Sample preparation is critical to the successful comple-

tion of the evaluation. Use the flow chart in Figure 1 to

determine the means of sample preparation. The sample
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preparation scheme should yield sufficient sample to al-

low quantification of each element at the specified limit

stated in the corresponding monograph or chapter.

[NOTE—All liquid samples should be weighed.]

Closed Vessel Microwave Digestion—This sample

preparation procedure is designed for samples that must

be digested. The procedure also applies to samples that

are not soluble in nitric acid. [NOTE—Weights and vol-

umes provided may be adjusted to meet the require-

ments of the microwave digestion apparatus used, if

proportions remain constant.]

Sample Preparation—Dehydrate and predigest 0.5 g of

sample in 5 mL of freshly prepared aqua regia.1 Sulfuric

acid may also be used as a last resort.2 Allow the sample

to sit loosely covered for 30 min in a fume hood. Add 10

mL more of aqua regia, and digest, using a closed vessel

microwave technique. Microwave until digestion or ex-

traction is complete. Repeat if necessary by adding 5

mL more of aqua regia. [NOTE—Where closed vessel mi-

crowave digestion is necessary, follow the manufacturer’s

recommended procedures to ensure safe usage.][NOTE—

In closed vessel microwave digestion, the use of concen-

trated hydrofluoric acid (HF) is not recommended. How-

ever, when its use is necessary, practice the utmost

caution in the preparation of test articles, and review or

establish local procedures for safe handling, safe disposal,

and HF-tolerant instrumental configurations.]

Reagents—All reagents used for the preparation of

sample and standard solutions should be free of elemen-

tal impurities, in accordance with Plasma Spectrochemis-

try h730i. Reagents should be commercial elemental

stock standards that are National Institute of Standards

and Technology (NIST)–traceable, at a recommended

concentration of 100 mg/mL or greater; or appropriate

USP Reference Standards, as either single element or

multielement.

Procedure 1: ICP-OES

Sample Solution: Proceed as directed in Sample

preparation above. When closed vessel microwave diges-

tion is used, proceed as directed above, allow the diges-

tion vessel to cool (add an appropriate stabilizer, such as

gold at about 0.1 ppm, for mercury measurement), and

dilute with Purified Water to 50.0 mL.

Calibration Solution 1: 2J of the element of inter-

est in a matched matrix (acid concentrations similar to

that of the Sample solution), where J is the limit for the

specific elemental impurity. [NOTE—Multiple elements of

interest may be included in this solution at the same con-

centration ratio. For mercury analysis, add an appropri-

ate stabilizer, such as gold at about 0.1 ppm.]

Calibration Solution 2: 0.1J of the element of in-

terest in a matched matrix (acid concentrations similar

to that of the Sample solution), where J is the limit for

the specific elemental impurity. [NOTE—Multiple elements

of interest may be included in this solution at the same

concentration ratio. For mercury analysis, add an appro-

priate stabilizer, such as gold at about 0.1 ppm.]

Check Standard Solution: 1 ppm of the element

of interest in a matched matrix (acid concentrations sim-

ilar to that of the Sample solution) [NOTE—Multiple ele-

ments of interest may be included in this solution at 1

ppm each. For mercury analysis, add an appropriate sta-

bilizer, such as gold at about 0.1 ppm.]

Blank: Matched matrix (acid concentrations similar

to that of the Sample solution)

Elemental Spectrometric System (see Plasma Spec-

trochemistry h730i)

Mode: ICP

1 Ultra pure nitric acid/hydrochloric acid (1 : 3) prepared as
needed. (A 1%–5% solution of aqua regia is used as a rinsing
solution between analyses and as calibration blanks.)
2 Sulfuric acid should be used only when absolutely needed, for
the following reasons:
Upon addition of sulfuric acid, elements may be lost as a result
of extreme exothermic reaction.
The viscosity of sulfuric acid is higher than that of other acids,
which affects the overall flow of solution.
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Detector: Optical emission spectroscopy

Rinse: 5% aqua regia

Calibration: Two-point, using Calibration solution 1,

Calibration solution 2, and Blank

System Suitability

Sample: Check Standard Solution

Suitability requirements—

Drift: differs from actual concentration by NMT 20%.

[NOTE—If samples are high in mineral content, to mini-

mize sample carryover, rinse system well (60 sec) before

introducing Check Standard Solution.]

Analysis: Analyze according to manufacturer’s sug-

gestions for program and wavelength. Calculate and re-

port results on the basis of the original sample size.

Procedure 2: ICP-MS

Sample Solution: Proceed as directed in Sample

preparation above, and add appropriate internal stan-

dards at appropriate concentrations.

When closed vessel microwave digestion is used, pro-

ceed as directed above, allow the digestion vessel to

cool, add appropriate internal standards at appropriate

concentrations (gold should be one of the internal stan-

dards for mercury measurement), and dilute with Purified

water to 50.0 mL.

Calibration Solution 1: 2J of the element of inter-

est in a matched matrix (acid concentrations similar to

that of the Sample solution), where J is the limit for the

specific elemental impurity. [NOTE—Multiple elements of

interest may be included in this solution at the same con-

centration ratio. For mercury analysis, add an appropri-

ate stabilizer, such as gold at about 0.1 ppm.]

Calibration Solution 2: 0.1J of the element of in-

terest in a matched matrix (acid concentrations similar

to that of the Sample solution), where J is the limit for

the specific elemental impurity. [NOTE—Multiple elements

of interest may be included in this solution at the same

concentration ratio. For mercury analysis, add an appro-

priate stabilizer, such as gold at about 0.1 ppm.]

Blank: Matched matrix (acid concentrations similar

to that of the Sample solution)

Elemental Spectrometric System (see Plasma Spec-

trochemistry h730i)

Mode: ICP [NOTE—An instrument with a cooled spray

chamber is recommended.]

Detector: Mass spectrometer

Rinse: 5% aqua regia

Calibration: Calibration solution 1, Calibration solution

2, and Blank

System Suitability

Sample: Calibration solution 1

Suitability requirements—

Drift: differs from actual concentration by NMT 20%.

[NOTE—If samples are high in mineral content, rinse sys-

tem well (60 sec) before introducing Check Standard So-

lution to minimize sample carryover.]

Analysis: Analyze per manufacturer’s suggestions

for program and m/z. Calculate and report results based

on the original sample size. [NOTE: Arsenic is subject to

interference from argon chloride. Appropriate measures,

including a sample preparation without aqua regia, must

be taken to correct for the interference, depending on

instrumental capabilities.]

CALCULATIONS AND REPORTING

Upon completion of the analysis, calculate the final

concentration of a given element in the test article

(mg/g) from the solution element concentration (mg/

mL) as follows:
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C = [(A 6 V1) / W] 6 (V2 / V3)

where

C = concentration of analyte (mg/g)

A = instrument reading (mg/mL)

V1 = volume of initial test article preparation (mL)

W = weight of test article preparation (g)

V2 = total volume of any dilution performed (mL)

V3 = aliquot of initial test article preparation used in

any dilution performed (mL)

Similarly, calculate the final concentration of a given el-

ement in the test article (mg/g) from the solution element

concentration (ng/mL) as follows:

C = [(A 6 V1) / W] 6 (1 mg / 1000 ng)(V2 / V3)

C = concentration of analyte (mg/g)

A = instrument reading (ng/mL)

V1 = volume of initial test article preparation (mL)

W = weight of test article preparation (g)

V2 = total volume of any dilution performed (mL)

V3 = aliquot of initial test article preparation used in

any dilution performed (mL)~USP34

OTHER TESTS AND ASSAYS

BRIEFING

h561i Articles of Botanical Origin, USP 32 page 182. The
Dietary Supplement General Chapters Committee recom-
mends updating the Test for Aflatoxins through a revision of
the thin-layer chromatography method and introducton of
an HPLC procedure (AOAC Official Method 2008.2). Aflatoxins
are difuranocoumarin toxic metabolites of Aspergillus flavus and
Aspergillus parasiticus fungi, which are naturally occurring con-
taminants of food and dietary supplements. At least 13 natural-
ly occurring highly toxic and carcinogenic aflatoxins have been
isolated. Of these, aflatoxin B1 is recognized as the most toxic,
and its contamination of articles of botanical origin should be
minimized. The acceptance limits of each aflatoxin are also in-
dicated. In addition, compendial requirements for residual pes-
ticide suspected in botanical dietary supplements are addressed

in General Method for Pesticide Residues Analysis. The residual
pesticide limits for crude drugs are harmonized with the Euro-
pean Pharmacopoeia, 6.6 Edition.

(DS-GC: Y. Tokiwa) RTS—C76308

Change to read:

SAMPLING

In order to reduce the effect of sampling bias in qualitative
and quantitative results, it is necessary to ensure that the com-
position of the sample used be representative of the batch of
drugs being examined. The following sampling procedures
are the minimum considered applicable to vegetable drugs.
Some articles, or some tests, may require more rigorous proce-
dures involving more containers being sampled or more sam-
ples per container.

Gross Sample

Where external examination of containers, markings, and la-
bels indicates that the batch can be considered to be homoge-
neous, take individual samples from the number of randomly
selected containers indicated below. Where the batch cannot
be considered to be homogeneous, divide it into sub-batches
that are as homogeneous as possible, then sample each one
as a homogeneous batch. It is recommended to include sam-
ples from the first, middle, and last containers where the No.
of Containers in Batch (N) is 11 or more and each container in
the batch is numbered or lettered in order.

No. of Containers
in Batch (N)

No. of Containers
to be Sampled (n)

1 to 10 all
11 to 19 11
419 n = 10 + (N/10)

(Round calculated ‘‘n’’ to next highest whole number.)
Samples are taken from the upper, middle, and lower sec-

tions of each container. If the crude material consists of compo-
nent parts which are 1 cm or less in any dimension, and in the
case of all powdered or ground materials, withdraw the sample
by means of a sampling device that removes a core from the
top to the bottom of the container, not less than two cores be-
ing taken in opposite directions

~

from different angles.~USP34

For materials with component parts over 1 cm in any dimen-
sion, withdraw samples by hand. In the case of large bales or
packs, samples should be taken from a depth of 10 cm because
the moisture content of the surface layer may be different from
that of the inner layers.

Prepare the gross sample by combining and mixing the indi-
vidual samples taken from each opened container, taking care
not to increase the degree of fragmentation or significantly af-
fect the moisture content.

~

For articles in containers holding less than 1 kg, mix

the contents, and withdraw a quantity sufficient for the

tests. For articles in containers holding between 1 and

5 kg, withdraw equal portions from the upper, middle,

and lower parts of the container, each of the samples be-
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ing sufficient to carry out the tests. Thoroughly mix the

samples, and withdraw an amount sufficient to carry out

the tests. For containers holding more than 5 kg, with-

draw three samples, each weighing not less than 250 g,

from the upper, middle, and lower parts of the container.

Thoroughly mix the samples, and withdraw a portion

sufficient to carry out the tests.~USP34

Laboratory Sample

Prepare the laboratory sample by repeated quartering of the
gross sample.

NOTE—Quartering consists of placing the sample, ade-
quately mixed, as an even and square-shaped heap and divid-
ing it diagonally into four equal parts. The two opposite parts
are then taken and carefully mixed. The process is repeated as
necessary until the required quantity is obtained.

The laboratory sample should be of a size sufficient for per-
forming all the necessary tests.

Test Sample

Unless otherwise directed in the individual monograph or
test procedure below, prepare the test sample as follows:

Decrease the size of the laboratory sample by quartering, tak-
ing care that each withdrawn portion remains representative. In
the case of unground or unpowdered drugs, grind the with-
drawn sample so that it will pass through a No. 20 standard-
mesh sieve, and mix the resulting powder well. If the material
cannot be ground, reduce it to as fine a state as possible, mix by
rolling it on paper or sampling cloth, spread it out in a thin layer
and withdraw the portion for analysis.

Change to read:

TEST FOR AFLATOXINS

Caution—Aflatoxins are highly dangerous, and extreme care
should be exercised in handling aflatoxin materials.

~

Where the individual monograph calls for compliance

with the limits for aflatoxins, the limits are not more than

5 ppb for aflatoxin B1 (AFB1) and not more than 20 ppb

for the sum of aflatoxins B1 (AFB1), B2 (AFB2), G1 (AFG1),

and G2 (AFG2). The extent of testing may be determined

using a risk-based approach that considers the likelihood

of contamination. The presence of unexpected contam-

ination with aflatoxins is to be considered in determining

compliance. The following analytical procedures are pro-

vided for determining compliance. Unless otherwise

specified in the individual monograph, use Method I. If

system suitability fails, use either Method II or Method III.

Method I~USP34

This

~

TLC~USP34

test is provided to detect the possible presence of aflatoxins B1,
B2, G1, and G2

~

AFB1, AFB2, AFG1, and AFG2~USP34

in any material of plant origin. Unless otherwise specified in the
individual monograph, use the following method.

~

~USP34

Zinc Acetate–Aluminum Chloride Reagent—Dissolve
20 g of zinc acetate and 5 g of aluminum chloride in sufficient
water to make 100 mL.

Sodium Chloride Solution—Dissolve 5 g of sodium chlo-
ride in 50 mL of water.

Test Solution 1—Grind about 200 g of plant material to a
fine powder. Transfer about 50 g of the powdered material, ac-
curately weighed, to a glass-stoppered flask. Add 200 mL of a
mixture of methanol and water (17 : 3). Shake vigorously by
mechanical means for not less than 30 minutes, and filter.
[NOTE—If the solution has interfering plant pigments, proceed
as directed for Test Solution 2.] Discard the first 50 mL of the
filtrate, and collect the next 40-mL portion. Transfer the filtrate
to a separatory funnel. Add 40 mL of Sodium Chloride Solution
and 25 mL of solvent hexane, and shake for 1 minute. Allow the
layers to separate, and transfer the lower aqueous layer to a sec-
ond separatory funnel. Extract the aqueous layer in the sepa-
ratory funnel twice, each time with 25 mL of methylene
chloride, by shaking for 1 minute. Allow the layers to separate
each time, separate the lower organic layer, and collect the
combined organic layers in a 125-mL conical flask. Evaporate
the organic solvent

~on a water bath. Transfer the remaining extract to an

appropriate sample tube and evaporate~USP34

to dryness on a water bath. Cool the residue. If interferences
exist in the residue, proceed as directed for Cleanup Procedure;
otherwise, dissolve the residue obtained above in 0.2 mL of a
mixture of chloroform and acetonitrile (9.8 : 0.2), and shake
by mechanical means if necessary.

Test Solution 2—Collect 100 mL of the filtrate from the
start of the flow, and transfer to a 250-mL beaker. Add 20 mL
of Zinc Acetate–Aluminum Chloride Reagent and 80 mL of water.
Stir, and allow to stand for 5 minutes. Add 5 g of a suitable fil-
tering aid, such as diatomaceous earth, mix, and filter. Discard
the first 50 mL of the filtrate, and collect the next 80-mL por-
tion. Proceed as directed for Test Solution 1, beginning with
‘‘Transfer the filtrate to a separatory funnel.’’

Cleanup Procedure—Place a medium-porosity sintered-glass
disk or a glass wool plug at the bottom of a 10-mm 6 300-
mm chromatographic tube. Prepare a slurry of 2 g of silica gel
with a mixture of ethyl ether and solvent hexane (3 : 1), pour
the slurry into the column, and wash with 5 mL of the same
solvent mixture. Allow the absorbent to settle, and add to the
top of the column a layer of 1.5 g of anhydrous sodium sulfate.
Dissolve the residue obtained above in 3 mL of methylene chlo-
ride, and transfer it to the column. Rinse the flask twice with 1-
mL portions of methylene chloride, transfer the rinses to the
column, and elute at a rate not greater than 1 mL/minute.
Add successively to the column 3 mL of solvent hexane, 3 mL
of ethyl ether, and 3 mL of methylene chloride; elute at a rate
not greater than 3 mL/minute; and discard the eluates. Add to
the column 6 mL of a mixture of methylene chloride and ace-
tone (9 : 1), and elute at a rate not greater than 1 mL/minute,
preferably without the aid of vacuum. Collect this eluate in a
small vial, add a boiling chip if necessary, and evaporate to dry-
ness on a water bath. Dissolve the residue in 0.2 mL of a mixture
of chloroform and acetonitrile (9.8 : 0.2), and shake by me-
chanical means if necessary.
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~Test Solution 3—If interferences still exist in the

residue, proceed as directed for Test Solution, Cleanup

Procedure with IAC under Method II.~USP34

Aflatoxin Solution—[Caution—Aflatoxins are highly toxic.
Handle with care.] Dissolve accurately weighed quantities of
aflatoxin B1, aflatoxin B2, aflatoxin G1, and aflatoxin G2

~

AFB1, AFB2, AFG1, and AFG2~USP34

in a mixture of chloroform and acetonitrile (9.8 : 0.2) to obtain
a solution having concentrations of 0.5 mg/mL each of aflatoxin
B1 and aflatoxin G1and 0.1 mg/mL each of aflatoxin B2 and afla-
toxin G2

~

AFB1 and AFG1, and 0.1 mg/mL each of AFB2 and

AFG2~USP34

Procedure—Separately apply 2.5 mL,

~

2.0 mL,~USP34

5 mL, 7.5 mL, and 10 mL of the Aflatoxin Solution and three 10-mL
applications of either Test Solution 1, or Test Solution 2

~Test Solution 2, or Test Solution 3~USP34

to a suitable thin-layer chromatographic plate (see Chromatog-
raphy h621i) coated with a 0.25-mm layer of chromatographic
silica gel mixture. Superimpose 5 mL of the Aflatoxin Solution on
one of the three 10-mL applications of the Test Solution. Allow
the spots to dry, and develop the chromatogram in an unsatu-
rated chamber containing a solvent system consisting of a mix-
ture of chloroform, acetone, and isopropyl alcohol (85 : 10 : 5)
until the solvent front has moved not less than 15 cm from the
origin. Remove the plate from the developing chamber, mark
the solvent front, and allow the plate to air-dry. Locate the spots
on the plate by examination under UV light at 365 nm. : the
four applications of the Aflatoxin Solution appear as four clearly
separated blue fluorescent spots; the spot obtained from the
Test Solution that was superimposed on the Aflatoxin Solution
is no more intense than that of the corresponding Aflatoxin So-
lution; and no spot from any of the other Test Solutions corre-
sponds to any of the spots obtained from the applications of
the Aflatoxin Solution. If any spot of aflatoxins is obtained in
the Test Solution, match the position of each fluorescent spot
of the Test Solution with those of the Aflatoxin Solution to identify
the type of aflatoxin present. The intensity of the aflatoxin spot,
if present in the Test Solution, when compared with that of the
corresponding aflatoxin in the Aflatoxin Solution will give an ap-
proximate concentration of aflatoxin in the Test Solution.

~

~USP34

~System Suitability—The four applications of the

Aflatoxin Solution appear as four clearly separated blue

fluorescent spots. Observe any spot obtained from the

Test Solution that coincides in hue and position with

those of the Aflatoxin Solution. Any spot obtained from

the Test Solution with the superimposed Aflatoxin Solution

is not less intense than that of the corresponding Aflatox-

in Solution.

Acceptance Criteria—No spot from any of the other

applications of the Test Solution corresponds to any of the

spots obtained from the applications of the Aflatoxin So-

lution. If any spot of aflatoxins is obtained in the Test So-

lution, match the position of each fluorescent spot of the

Test Solution with those of the Aflatoxin Solution to iden-

tify the type of aflatoxin present. The intensity of the afla-

toxin spot, if present in the Test Solution, when compared

with that of the corresponding aflatoxin in the Aflatoxin

Solution will give an approximate concentration of afla-

toxin in the Test Solution. Where the individual mono-

graph calls for compliance with the limits for aflatoxins,

the limits are not more than 5 ppb for AFB1 and not more

than 20 ppb for the sum of AFB1, AFB2, AFG1, and AFG2,

except when otherwise indicated.

Method II

Sodium Chloride Solution—See Method I.

Phosphate Buffered Saline Solution—Prepare 10

mM phosphate buffer solution containing 0.138 M sodi-

um chloride and 0.0027 M potassium chloride in water,

and adjust to pH 7.4 with 2 M sodium hydroxide.1

Immunoaffinity Column (IAC)—Prior to condition-

ing, adjust the IAC to room temperature. For condition-

ing, apply 10 mL of Phosphate Buffered Saline Solution

onto the column and let flow through the column by

gravity force at a rate of 2 to 3 mL. Leave 0.5 mL of the

Phosphate Buffered Saline Solution on top of the column

until the Test Solution is applied.

Test Solution—

Sample Extraction—Transfer about 5 g of a representa-

tive powdered sample, accurately weighed, to a glass-

stoppered flask. Add 20 mL of a mixture of methanol

and water (17 : 3). Shake vigorously by mechanical

means for not less than 30 minutes, and filter. Discard

the first 5 mL of the filtrate, and collect the next 4-mL

portion. Transfer the filtrate to a separatory funnel. Add

4 mL of Sodium Chloride Solution and 2.5 mL of hexane,

and shake for 1 minute. Allow the layers to separate, and

1 A suitable powder mixture is available from Sigma as PBS P-
3813.
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transfer the lower aqueous layer to a second separatory

funnel. Extract the aqueous layer in the separatory funnel

twice, each time with 2.5 mL of methylene chloride, by

shaking for 1 minute. Allow the layers to separate each

time, separate the lower organic layer, and collect the

combined organic layers in a 50-mL conical flask. Evapo-

rate the organic solvent on a water bath. Transfer the re-

maining extract to an appropriate sample tube and

evaporate to dryness on a water bath. Cool the residue.

If interferences exist in the residue, proceed as directed

for Cleanup Procedure with IAC; otherwise, dissolve the

residue obtained above in 200 mL of acetonitrile, and

shake by mechanical means if necessary.

Cleanup Procedure with IAC—The residue is dissolved in

5 mL of a mixture of methanol and water (60 : 40) and

then diluted with 5 mL of water. This extract is applied

onto a conditioned IAC. The IAC is rinsed twice with 10

mL of Phosphate Buffered Saline Solution and the elution is

performed slowly with 2 mL of methanol. Evaporate the

eluate with nitrogen and dissolve the residue in 200 mL of

acetonitrile.

Aflatoxin Solution—[Caution—Aflatoxins are highly

toxic. Handle with care.] Prepare as directed in Method I

and then dilute 10-fold using a volumetric flask. The final

solution contains 0.05 mg/mL of AFB1 and AFG1 and 0.01

mg/mL of AFB2 and AFG2.

Analysis—Separately apply 2.0, 5, 7.5, and 10 mL of

Aflatoxin Solution and three 10-mL applications of the Test

Solution to a suitable HPTLC plate (see Chromatography

h621i) coated with a 200-mm layer of chromatographic

silica gel mixture. Superimpose 5 mL of Aflatoxin Solution

on one of the three 10-mL applications of the Test Solu-

tion. Allow the spots to dry, and develop the chromato-

gram in a saturated chamber containing a solvent system

consisting of a mixture of chloroform, acetone, and wa-

ter (140 : 20 : 0.3) until the solvent front has moved not

less than 72 mm from the origin (80 mm from the lower

edge of the plate). Remove the plate from the develop-

ing chamber, mark the solvent front, and allow the plate

to air-dry for 5 minutes. Locate the spots on the plate by

scanning fluorescence density (4 400 nm) under UV

light at 366 nm.

System Suitability—The four applications of Aflatox-

in Solution appear as four clearly separated blue fluores-

cent spots. Observe any spot obtained from the Test

Solution that coincides in hue and position with those

of Aflatoxin Solution. Any spot obtained from the Test So-

lution with the superimposed Aflatoxin Solution is not less

intense than that of the corresponding Aflatoxin Solution.

The mean recovery of spiked AFB1 and AFG1 is not less

than 70%.

Acceptance Criteria—Match the position of each

fluorescent spot of the Test Solution with those of Aflatox-

in Solution to identify the type of aflatoxin present. The

concentration of aflatoxins in the Test Solution can be cal-

culated from the calibration curve obtained from the

scan data with Aflatoxin Solution. Where the individual

monograph calls for compliance with the limits for afla-

toxins, the limits are not more than 5 ppb for AFB1 and

not more than 20 ppb for the sum of AFB1, AFB2, AFG1,

and AFG2, except when otherwise indicated.

Method III

This test method is provided as an example for the de-

tection of the possible presence of AFB1 and total aflatox-

ins (AF: sum of AFB1, AFB2, AFG1, and AFG2). It has been

shown to be suitable for powdered ginseng and ginger.

Its suitability to other articles of botanical origin must be

demonstrated.

0.1 M Phosphate Buffer Solution—Dissolve 8.69 g

of disodium phosphate (anhydrous) and 4.66 g of mono-

sodium phosphate (anhydrous) or 5.36 g of monosodi-

um phosphate monohydrate in 800 mL water, adjust

to pH 7.4 with 2 M sodium hydroxide, add 10 mL of

polysorbate 20, and dilute to 1 L.
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Phosphate Buffered Saline Solution—Prepare as

directed in Method II.

AFB1, AFB2, AFG1, and AFG2 Standard Stock Solu-

tions: Weigh 10 mg of each aflatoxin into a separate

100-mL volumetric flask. Add 50 mL of acetonitrile to

each flask, mix, dilute with additional acetonitrile to vol-

ume, and mix. Then pipet 10 mL of each solution into

separate 100-mL volumetric flasks and dilute with aceto-

nitrile to volume (Standard Aflatoxin Stock Solutions A, B,

C, and D). Record the UV spectrum of each aflatoxin so-

lution. Determine the concentration of aflatoxin solution

by measuring absorbance (A) at a wavelength of maxi-

mum absorption close to 360 nm and using the equa-

tion:

mg/mL of aflatoxin = (A 6 MW 6 1000) / �,

where MW is molecular weight and � is molecular absorp-

tivity (Table 3). The concentration is approximately 10

mg/mL.

Table 3. Molecular Weights (MW) and Molar Absorp-
tivities (�) for Aflatoxins

Aflatoxin MW Solvent �

AFB1 312 Acetonitrile 20700

AFB2 314 Acetonitrile 22500

AFG1 328 Acetonitrile 17600

AFG2 330 Acetonitrile 18900

Aflatoxin Standard Solution: 400 ng/mL (mix-

ture of the AFB1, AFB2, AFG1, and AFG2 Standard Stock So-

lutions) at 200, 50, 100, and 50 ng/mL, respectively).

Add an appropriate amount of each aflatoxin standard

stock solution to the same volumetric flask and dilute

with acetonitrile to volume. [NOTE—Use the Aflatoxin

Standard Solution as the spiking solution for the recovery

study. Store at –188. Equilibrate to room temperature be-

fore use.]

Working Aflatoxin Standard Solutions—Prepare

six solutions in separate 10-mL volumetric flasks accord-

ing to Table 4. Dilute with methanol and water (1 : 1, v/v)

to volume. Store in a refrigerator and equilibrate to room

temperature before use. Prepare the solutions daily.

Table 4. Preparation of Working Aflatoxin Standard Solutions

Working

Aflatoxin

Standard

Solutions

Aflatoxin

Standard

Solution

(mL)

Final Aflatoxin Concentration of Working Aflatoxin Standard Solution (ng/mL)

AFB1 AFB2 AFG1 AFG2 SAF

1 0 0 0 0 0 0

2 12.5 0.25 0.0625 0.125 0.0625 0.5

3 25 0.5 0.125 0.25 0.125 1

4 50 1 0.25 0.5 0.25 2

5 100 2 0.5 1 0.5 4

6 200 4 1 2 1 8
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Immunoaffinity Column (IAC)2—Use an immu-

noaffinity column that contains monoclonal antibodies

cross reactive towards AFB1, AFB2, AFG1, and AFG2. The

immunoaffinity columns have a minimum capacity of

not less than 100 ng total aflatoxin and give a recovery

of not less than 80% for AFB1, AFB2, AFG1, and AFG2

when 5 ng of each AFB1, AFB2, AFG1, and AFG2 is applied

in 10 mL of 10% methanol in Phosphate Buffered Saline

Solution (v/v).

Test Solution—

Extraction—Weigh 5 g of a representative test sample in

a 50-mL centrifuge tube. Add 1 g of sodium chloride and

25 mL of a mixture of methanol and 0.5% sodium bicar-

bonate (700 : 300, v/v). Mix on a vortex mixer until sam-

ple particles and extract solvent are well mixed. Shake at

400 rpm for 10 minutes. Centrifuge for 10 minutes at

7000 rpm (g value = 5323 mm/s2) or at a speed that

can result a firm pellet of residues. Immediately pipet 7

mL into a 50-mL centrifuge tube, add 28 mL of 0.1 M

Phosphate Buffer Solution, mix, and filter through glass

microfiber paper. Collect 25 mL of filtrate (equivalent

to 1 g of test sample) into a 25-mL graduated cylinder

and proceed immediately with IAC chromatography.

IAC Cleanup—[NOTE—For IAC cleanup, columns must

be kept at room temperature for at least 15 minutes be-

fore use.] Remove the top cap from the column and con-

nect it with the reservoir. Remove the end cap from the

column and attach it to the column manifold (the fit

must be tight). Let the liquid in the column pass through

until the liquid is about 2 to 3 mm above the column

bed. Pass 25 mL of filtrate into the reservoir. Let the fil-

trate flow through the column by gravity force. Let the

column run dry. In order to start the flow easily again, re-

move the column from the manifold, add about 2 mL of

Phosphate Buffered Saline Solution into the column, reat-

tach the column to the reservoir, wash the column with

an additional 3 mL of Phosphate Buffered Saline Solution

and then with 5 mL of water (the 5 mL of Phosphate Buf-

fered Saline Solution can be added directly to the column

reservoir if other techniques are used to dislodge the air

bubble at the end of the column and to start flow easily

again). Let the column run dry, then force 3 mL of air

through the column with a syringe. Elute with 1 mL of

methanol and collect the analytes in a 3-mL volumetric

flask, letting it drip freely. Let the column run dry. Let

stand for 1 minute, then elute with an additional 1 mL

of methanol and collect into the same volumetric flask.

Let the column run dry and force 10 mL of air through

the column. Dilute the eluate with water to volume

and perform the analysis of aflatoxins immediately. This

is the Test Solution.

Chromatographic System—

Flow Rate: 0.8 mL/minute.

Detection: Fluorescence detector set at excitation

wavelength (Ex) 362 nm and emission wavelength

(Em) 440 nm.

Column: A 4.6-mm 6 15-cm column containing 3-

mm packaging L1.

Mobile Phase: Isocratic.

FOR POST-COLUMN DERIVATIZATION WITH PHRED CELL: Water,

methanol, and acetonitrile (600 : 250 : 150, v/v/v).

FOR POST-COLUMN DERIVATIZATION WITH KOBRA CELL: A solution

containing 1 L of a mixture of water, methanol, and ace-

tonitrile (600 : 250 : 150, v/v/v); 350 mL of 4 M nitric ac-

id; and 120 mg of potassium bromide, and mix.

Post-Column Derivatization (PCD) Systems—

PHRED CELL: Post-column photochemical derivatization

cell.3

2 AflaOchraTest column (G1017; Vicam, Watertown, MA, USA)
or equivalent. Aflatoxin/OTA immunoaffinity columns are suit-
able.

3 PHRED2 Photochemical Reactor (AURA Industries, New York,
NY, USA) or equivalent. Avoid looking at the UV lamp.
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KOBRA CELL: Electrochemical cell, post-column bromi-

nation derivatization cell.4

Analysis—

Post-Column Derivatization for Aflatoxins—Use a UV or

Kobra cell. Inject 50 mL of reagent blank (Working Aflatox-

in Standard Solution 1), the Working Aflatoxin Standard So-

lutions 2–6 or the Test Solution into the LC column.

Identify the aflatoxin peaks in the Test Solution by com-

paring the retention times with those of the working

standards. The aflatoxins elute in the order of AFG2,

AFG1, AFB2, and AFB1. After passing through the PHRED

or Kobra cell, the AFG1 and AFB1 have been derivatized to

form AFG2a (derivative of AFG1) and AFB2a (derivative of

AFB1). [NOTE—The chemical structures of the derivatives

resulting from electrochemical bromination and photoly-

sis are not the same. The structures of AFB1 and AFG1

photolysis products have not been established.] The re-

tention times of AFG2, AFG2a, AFB2, and AFB2a are be-

tween about 14 and 27 minutes using the PHRED cell;

retention times are shorter using the Kobra cell. The

peaks should be baseline resolved. Construct standard

curves of each aflatoxin. Determine the concentration

of each aflatoxin in the Test Solution from the calibration

curve.

Aflatoxins Calibration Curves—Calibration curves are

prepared for each of the aflatoxins using the Working

Aflatoxin Standard Solutions containing the four aflatoxins

described. These solutions cover the range of 0.25 to 4

ng/mL for AFB1, 0.0625 to 1 ng/mL for AFB2, 0.125 to

2 ng/mL for AFG1, and 0.0625 to 1 ng/mL for AFG2.

Make the calibration curves prior to analysis according

to Table 4 and check the plot for linearity. If the test por-

tion area response is outside (higher) the calibration

range, then the Test Solution should be diluted with a

mixture of methanol and water (1 : 1, v/v) and reinjected

into the LC column.

Quantitation of Aflatoxins—Quantitation of aflatoxins is

performed by measuring peak areas at each aflatoxin re-

tention time and comparing them with the correspond-

ing calibration curve.

Acceptance Criteria—The mean recovery of spiked

AFB1 (2 mg/kg) and the total of aflatoxins [AFB1 (2 mg/kg),

AFB2 (0.5 mg/kg), AFG1 (1 mg/kg) and AFG2 (0.5 mg/kg)] is

not less than 68% and 70%, respectively. The relative

standard deviation (RSD) is not more than 10% for

AFB1 and for the total of aflatoxins.

Calculations—Plot the peak area (response, y-axis) of

each of the toxin standards against the concentration

(ng/mL, x-axis) and determine the slope (S) and y-inter-

cept (a). Calculate the level of toxin in the sample by the

following formula:

Toxin (mg/kg) = {[(R – a) / S] 6 V / W} 6 F

where R is the Test Solution peak area; V is the final volume

of the injected Test Solution (mL); and F is the dilution fac-

tor. F = 1 when V = 3 mL. W is 1 g of test sample passed

through the immunoaffinity column. The total of aflatox-

ins is the sum of AFG2, AFG1, AFB2, and AFB1.~USP34

Change to read:

GENERAL METHOD FOR PESTICIDE RESIDUES
ANALYSIS

Definition—Where used in this Pharmacopeia, the designa-
tion pesticide applies to any substance or mixture of substances
intended to prevent, destroy, or control any

~

pest,~USP34

unwanted species of plants or animals causing harm during or
otherwise interfering with the production, processing, storage,
transport, or marketing of pure articles. The designation in-
cludes substances intended for use as growth regulators, defo-
liants, or desiccants, and any substance applied to crops before
or after harvest to protect the product from deterioration dur-
ing storage and transport.

Limits—Within the United States, many botanicals are treat-
ed as dietary supplements and are subject to the statutory pro-
visions of

4 Kobra Cell2 (R-Biopharm Inc., Marshall, MI, USA) or equiva-
lent. Set at 100 mA. Do not turn on the current until the LC
pump is operating to avoid overheating the cell membrane.
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~

that govern foods but not drugs in~USP34

the Federal Food, Drug, and Cosmetic Act. that governs foods
but not drugs.

~

~USP34

Limits for pesticides for foods are determined by the Environ-
mental Protection Agency (EPA) , and where no limit is set,
the limit is zero.

~as indicated in the Code of Federal Regulations (40 CFR

Part 180) or the Federal Register (FR). For pesticide chem-

icals without EPA-established tolerance levels, the limits

should be below the detection limit of the specified

method. Results less than the EPA detection limits are

considered zero values.~USP34

The limits contained herein, therefore, are not applicable in the
United States when articles of botanical origins are labeled for
food purposes. The limits, however, may be applicable in other
countries where the presence of pesticide residues is permitted.
Unless otherwise specified in the individual monograph, the ar-
ticle under test contains not more than the amount of any pes-
ticide indicated in Table 3 The limits applying to pesticides not
listed in Table 3 and whose presence is suspected for any reason
comply with the regulations of the EPA. Where a pesticide is not
listed in Table 3 or in EPA regulations, calculate the limit by the
formula:

AM / 100B,

in which A is the acceptable daily intake (ADI), in mg per kg of
body weight; M is the body weight, in kg; and B is the daily dose
of the article, in kg.

Table 3

Substance Limit (mg/kg)

Alachlor 0.02
Aldrin and Dieldrin (sum of) 0.05
Azinphos-methyl 1.0
Bromopropylate 3.0
Chlordane (sum of cis- and trans- isomers and

oxychlordane)
0.05

Chlorfenvinphos 0.5
Chlorpyrifos 0.2
Chlorpyrifos-methyl 0.1
Cypermethrin (and isomers) 1.0
DDT (sum of p,p’-DDT, o,p’-DDT,

p,p’-DDE, and p,p’-TDE)
1.0

Deltamethrin 0.5
Diazinon 0.5
Dichlorvos 1.0
Dithiocarbamates (as CS2) 2.0
Endosulfan (sum of endosulfan isomers and

endosulfan sulfate)
3.0

Endrin 0.05
Ethion 2.0
Fenitrothion 0.5
Fenvalerate 1.5
Fonofos 0.05
Heptachlor (sum of heptachlor and hepta-
chlor

epoxide)

0.05

Hexachlorobenzene 0.1
Hexachlorocyclohexane isomers (other than
g) 0.3
Lindane (g-hexachlorocyclohexane) 0.6
Malathion 1.0
Methidathion 0.2
Parathion 0.5
Parathion-methyl 0.2

Table 3 (Continued)

Substance Limit (mg/kg)

Permethrin 1.0
Phosalone 0.1
Piperonyl butoxide 3.0
Pirimiphos-methyl 4.0
Pyrethrins (sum of) 3.0
Quintozene (sum of quintozene,

pentachloroaniline and methyl
pentachlorophenyl sulfide)

1.0

If the article is intended for the preparation of extracts, tinc-
tures, or other pharmaceutical forms whose preparation meth-
od modifies the content of pesticides in the finished product,
calculate the limits by the formula:

AME / 100B,

in which E is the extraction factor of the preparation method,
determined experimentally; and A, M, and B are as defined
above.

Sampling—
Method—For articles in containers holding less than 1 kg, mix

the contents, and withdraw a quantity sufficient for the tests.
For articles in containers holding between 1 and 5 kg, withdraw
equal portions from the upper, middle, and lower parts of the
container, each of the samples being sufficient to carry out the
tests. Thoroughly mix the samples, and withdraw an amount
sufficient to carry out the tests. For containers holding more
than 5 kg, withdraw three samples, each weighing not less than
250 g, from the upper, middle, and lower parts of the container.
Thoroughly mix the samples, and withdraw a portion sufficient
to carry out the tests.

Size of Sampling—If the number of containers, n, is three or
fewer, withdraw samples from each container as indicated
above. If the number of containers is more than three, take
samples from

containers, rounding up to the nearest whole number if neces-
sary.

NOTE—Conduct tests without delay to avoid possible de-
gradation of the residues. If this is not possible, store the sam-
ples in hermetic containers suitable for food contact, at a
temperature below 08, and protected from light.

~

Unless otherwise indicated in the monograph, the arti-

cle to be examined complies with the limits indicated in

Table 5. The limits for suspected pesticides that are not

listed in Table 5 must comply with the regulations of

the EPA. For instances in which a pesticide is not listed

in Table 5 or in EPA regulations, calculate the limit by

the formula:

Limits (mg/kg) = AM / 100B
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where A is the acceptable daily intake (ADI), as published

by FAO-WHO, in mg/kg of body weight; M is body

weight, in kg (60 kg); and B is the daily dose of the article,

in kg.

If the article is intended for the preparation of extracts,

tinctures, or other pharmaceutical forms of which the

preparation method modifies the content of pesticides

in the finished product, calculate the limits by the formu-

la:

Limits (mg/kg) = AME / 100B

where E is the extraction factor of the preparation meth-

od, determined experimentally; and A, M, and B are as

defined above.

A total or partial exemption from the test may be

granted when the complete history (nature and quantity

of the pesticides used, date of each treatment during cul-

tivation and after harvest) of the treatment of the batch is

known and can be checked precisely according to good

agricultural and collection practice (GACP).

Table 5

Substance Limit (mg/kg)

Acephate 0.1

Alachlor 0.05

Aldrin and dieldrin (sum of) 0.05

Azinphos-ethyl 0.1

Azinphos-methyl 1

Bromide, inorganic

(calculated as bromide ion)

50

Bromophos-ethyl 0.05

Bromophos-methyl 0.05

Brompropylate 3

Chlordane

(sum of cis-, trans-, and

oxychlordane)

0.05

Chlorfenvinphos 0.5

Table 5 (Continued)

Chlorpyriphos-ethyl 0.2

Chlorpyriphos-methyl 0.1

Chlorthal-dimethyl 0.01

Cyfluthrin (sum of) 0.1

l-Cyhalothrin 1

Cypermethrin and isomers (sum of) 1

DDT (sum of o,p’-DDE,

p,p’-DDE, o,p’-DDT,

p,p’-DDT, o,p’-TDE,

and p,p’-TDE)

1

Deltamethrin 0.5

Diazinon 0.5

Dichlofluanid 0.1

Dichlorvos 1

Dicofol 0.5

Dimethoate and omethoate (sum of) 0.1

Dithiocarbamates (expressed as CS2) 2

Endosulfan (sum of isomers

and endosulfan sulphate)

3

Endrin 0.05

Ethion 2

Etrimphos 0.05

Fenchlorophos (sum of

fenchlorophos and

fenchlorophos-oxon)

0.1

Fenitrothion 0.5

Fenpropathrin 0.03

Fensulfothion

(sum of fensulfothion,

fensulfothion-oxon,

fensulfothion-oxonsulfon,

and fensulfothion-sulfon)

0.05
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Table 5 (Continued)

Fenthion (sum of fenthion,

fenthion-oxon, fenthion-oxon-sul-

fon,

fenthion-oxon-sulfoxid,

fenthion-sulfon, and

fenthion-sulfoxid)

0.05

Fenvalerate 1.5

Flucytrinate 0.05

�-Fluvalinate 0.05

Fonophos 0.05

Heptachlor (sum of heptachlor,

cis-heptachlorepoxide, and

trans-heptachlorepoxide)

0.05

Hexachlorbenzene 0.1

Hexachlorocyclohexane

(sum of isomers a-, b-, d-, and �-)

0.3

Lindan (g-hexachlorocyclohexane) 0.6

Malathion and malaoxon (sum of) 1

Mecarbam 0.05

Methacriphos 0.05

Methamidophos 0.05

Methidathion 0.2

Methoxychlor 0.05

Mirex 0.01

Monocrotophos 0.1

Parathion-ethyl and Paraoxon-ethyl

(sum of)

0.5

Parathion-methyl and Paraoxon-

methyl

(sum of)

0.2

Pendimethalin 0.1

Pentachloranisol 0.01

Permethrin and isomers (sum of) 1

Phosalone 0.1

Phosmet 0.05

Piperonyl butoxide 3

Table 5 (Continued)

Pirimiphos-ethyl 0.05

Pirimiphos-methyl

(sum of pirimiphos-methyl and

N-desethyl-pirimiphos-methyl)

4

Procymidone 0.1

Profenophos 0.1

Prothiophos 0.05

Pyrethrum (sum of cinerin I,

cinerin II, jasmolin I, jasmolin II,

pyrethrin I, and pyrethrin II)

3

Quinalphos 0.05

Quintozene (sum of quintozene,

pentachloraniline, and methyl

pentachlorphenyl sulfide)

1

S-421 0.02

Tecnazene 0.05

Tetradifon 0.3

Vinclozolin 0.4

~USP34

Reagents—Use reagents and solvents that are free from any
contaminants, especially pesticides, that might interfere with
the analysis. It is often necessary to use special grade solvents
suitable for pesticide residue analysis or solvents that have re-
cently been redistilled in an apparatus made entirely of glass.
In any case, suitable blank tests must be performed.

Preparation of Apparatus—Clean all equipment, espe-
cially glassware, to ensure that it is free from pesticides. Soak
all glassware for a minimum of 16 hours in a solution of phos-
phate-free detergent, rinse with copious quantities of distilled
water, and then wash with acetone, followed by hexane or hep-
tane.

Qualitative and Quantitative Analysis of Pesticide Re-
sidues—Use validated analytical procedures

~

(e.g. FDA Pesticide Analytical Manual (PAM) [http://

www.fda.gov/Food/ScienceResearch/Laboratory

Methods/PesticideAnalysisManualPAM/default.htm], or

other analytical procedures validated in accordance with

EU guideline [NOTE—Document No. SANCO/10232/

2006, http://ec.europa.eu/food/plant/resources/qual-

control_en.pdf] or Validation of Compendial Procedures

h1225i.)~USP34

that satisfy the following criteria. The method, especially with
respect to its purification steps, is suitable for the combination
of pesticide residue and substance under test, and is not suscep-
tible to interference from co-extractives. Measure the limits of
detection and quantification for each pesticide matrix combi-
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nation to be analyzed: the method is shown to recover between
70% and 110% of each pesticide; the repeatability and repro-
ducibility of the method are not less than the appropriate values
indicated in Table 4;

~

Table 6;~USP34

and the concentrations of test and reference solutions and the
setting of the apparatus are such that a linear response is ob-
tained from the analytical detector.

Table 4

Concentration of
the

Pesticide (mg/kg)

Repeatability
(difference, + mg/

kg)

Reproducibility
(difference,
+ mg/kg)

0.010 0.005 0.01
0.100 0.025 0.05
1.000 0.125 0.25

~

Table 6

Concentration

Range

of the

Pesticide (mg/

kg)

Repeatability

(RSD)

(%)

Reproducibility

(RSD)

(%)

0.001 – 0.01 30 60

4 0.01 – 0.1 20 40

4 0.1 – 1 15 30

4 1 10 20

~USP34

Change to read:

TEST FOR PESTICIDES

Unless otherwise specified in the individual monograph, the
following methods may be used for the analysis of pesticides.
Depending on the substance being examined, it may be neces-
sary to modify, sometimes extensively, the procedure described
hereafter. Additionally, it may be necessary to perform another
method with another column having a different polarity, anoth-
er detection method (e.g., mass spectrometry), or a different
method (e.g., immunochemical method) to confirm the re-
sults.

Extraction—[NOTE—Use the following procedure for the
analysis of samples of articles having a water content of less
than 15%. Samples having a higher water content may be
dried, provided that the drying procedure does not significantly
affect the pesticide content.] To 10 g of the coarsely powdered
substance under test, add 100 mL of acetone, and allow to
stand for 20 minutes. Add 1 mL of a solution in toluene contain-
ing 1.8 mg of carbophenothion/mL. Mix in a high-speed blen-
der for 3 minutes. Filter this solution, and wash the residue with
two 25-mL portions of acetone. Combine the filtrate and the
washings, and heat, in a rotary evaporator, maintaining the
temperature of the bath below 408 until the solvent has almost
completely evaporated. To the residue add a few mL of toluene,
and heat again until the acetone is completely removed. Dis-

solve the residue in 8 mL of toluene. Pass through a membrane
filter having a 45-mm porosity, rinse the flask and the filter with
toluene, dilute with toluene to 10.0 mL (Solution A), and mix.

Purification—
Organochlorine, Organophosphorus, and Pyrethroid Insecti-

cides—The size-exclusion chromatograph is equipped with a
7.8-mm 6 30-cm stainless steel column containing 5-mm pack-
ing L21. Toluene is used as the mobile phase at a flow rate of
about 1 mL/minute.

Performance of the Column—Inject 100 mL of a solution in tol-
uene containing, in each mL, 0.5 mg of methyl red and 0.5 mg
of oracet blue

~

or equivalent.~USP34

The column is not suitable unless the color of the eluate chang-
es from orange to blue at an elution volume of about 10.3 mL. If
necessary, calibrate the column, using a solution in toluene con-
taining suitable concentrations of the pesticide of interest hav-
ing the lowest molecular weight (for example, dichlorvos) and
that having the highest molecular weight (for example, delta-
methrin). Determine which fraction of the eluate contains both
pesticides.

Purification of the Test Solution—Inject a suitable volume (100
to 500 mL) of Solution A into the chromatograph. Collect the
fraction (Solution B) as determined above under Performance
of the Column. Organophosphorus pesticides elute between
8.8 and 10.9 mL. Organochlorine and pyrethroid pesticides
elute between 8.5 and 10.3 mL.

Organochlorine and Pyrethroid Insecticides—Into a 5-mm 6
10-cm chromatographic column, introduce a piece of fat-free
cotton and 0.5 g of silica gel treated as follows. Heat chromat-
ographic silica gel in an oven at 1508 for at least 4 hours. Allow
to cool, and add dropwise a quantity of water corresponding to
1.5% of the weight of silica gel used. Shake vigorously until ag-
glomerates have disappeared, and continue shaking by me-
chanical means for 2 hours. Condition the column with 1.5
mL of hexane. [NOTE—Prepacked columns containing about
0.50 g of a suitable silica gel may also be used, provided they
have been previously validated.] Concentrate Solution B almost
to dryness, with the aid of a stream of helium or oxygen-free
nitrogen, and dilute with toluene to a suitable volume (200
mL to 1 mL, according to the volume injected in the preparation
of Solution B). Quantitatively transfer this solution to the col-
umn, and proceed with the chromatography, using 1.8 mL of
toluene as the mobile phase. Collect the eluate (Solution C).

Quantitative Analysis of Organophosphorus Insecti-
cides—

Test Solution—Concentrate Solution B almost to dryness, with
the aid of a stream of helium, dilute with toluene to 100 mL, and
mix.

Standard Solution—Prepare at least three solutions in toluene
containing each of the pesticides of interest and carbophe-
nothion at concentrations suitable for plotting a calibration
curve.

Chromatographic System—The gas chromatograph is
equipped with an alkali flame-ionization detector or a flame-
photometric detector and a 0.32-mm 6 30-m fused silica col-
umn coated with a 0.25-mm layer of phase G1. Hydrogen is
used as the carrier gas. Other gases, such as helium or nitrogen,
may also be used. The injection port temperature is maintained
at 2508, and the detector is maintained at 2758. The column
temperature is maintained at 808 for 1 minute, then increased
to 1508 at a rate of 308/minute, maintained at 1508 for 3 min-
utes, then increased to 2808 at a rate of 48/minute, and main-
tained at this temperature for 1 minute. Use carbophenothion
as the internal standard. [NOTE—If necessary, use a second in-
ternal standard to identify any possible interference with the
peak corresponding to carbophenothion.] Inject the chosen
volume of each solution, record the chromatograms, and mea-
sure the peak responses. : the relative retention times are ap-
proximately those listed in Table 5

~

~USP34
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Calculate the content of each pesticide from the peak areas and
the concentrations of the solution.

Table 5

Substance Relative Retention Time

Dichlorvos 0.20
Fonofos 0.50
Diazinon 0.52
Parathion-methyl 0.59
Chlorpyrifos-methyl 0.60
Pirimiphos-methyl 0.66
Malathion 0.67
Parathion 0.69
Chlorpyrifos 0.70
Methidathion 0.78
Ethion 0.96
Carbophenothion 1.00
Azinphos-methyl 1.17
Phosalone 1.18

~

~USP34

Quantitative Analysis of Organochlorine and Pyre-
throid Insecticides—

Test Solution—Concentrate Solution C almost to dryness, with
the aid of a stream of helium or oxygen-free nitrogen, dilute
with toluene to 500 mL, and mix.

Standard Solution—Prepare at least three solutions in toluene
containing each of the pesticides of interest and carbophe-
nothion at concentrations suitable for plotting a calibration
curve.

Chromatographic System—The gas chromatograph is
equipped with an electron-capture detector, a device allowing
direct on-column cold injection, and a 0.32-mm 6 30-m fused
silica column coated with a 0.25-mm layer of phase G1. Hydro-
gen is used as the carrier gas. Other gases, such as helium or
nitrogen, may also be used. The injection port temperature is
maintained at 2758, and the detector is maintained at 3008.
The column temperature is maintained at 808 for 1 minute,
then increased to 1508 at a rate of 308/minute, maintained at
1508 for 3 minutes, then increased to 2808 at a rate of 48/mi-
nute, and maintained at this temperature for 1 minute. Use car-
bophenothion as the internal standard. [NOTE—If necessary, use
a second internal standard to identify any possible interference
with the peak corresponding to carbophenothion.] Inject the
chosen volume of each solution, record the chromatograms,
and measure the peak responses. : the relative retention times
are approximately those listed in Table 6

~

~USP34

Calculate the content of each pesticide from the peak areas and
the concentrations of the solutions.

Table 6

Substance Relative Retention Time

a-Hexachlorocyclohexane 0.44
Hexachlorobenzene 0.45
b-Hexachlorocyclohexane 0.49
Lindane 0.49
d-Hexachlorocyclohexane 0.54
E-Hexachlorocyclohexane 0.56
Heptachlor 0.61
Aldrin 0.68
cis-Heptachlor epoxide 0.76
o, p’-DDE 0.81
a-Endosulfan 0.82
Dieldrin 0.87
p, p’-DDE 0.87

Table 6 (Continued)

Substance Relative Retention Time

o, p’-DDD 0.89
Endrin 0.91
b-Endosulfan 0.92
o, p’-DDT 0.95
Carbophenothion 1.00
p, p’-DDT 1.02
cis-Permethrin 1.29
trans-Permethrin 1.31
Cypermethrin* 1.40
Fenvalerate* 1.47

1.49
Deltamethrin 1.54

* The substance shows several peaks.

~

~USP34

Physical Tests and
Determinations

BRIEFING

h727i Capillary Electrophoresis, USP 32 page 279. It is
proposed to remove this general test chapter from USP–-NF be-
cause of redundancy. The content of this chapter is covered
completely in the more inclusive harmonized chapter Biotech-
nology-Derived Articles—Capillary Electrophoresis h1053i, which
will be renamed Capillary Electrophoresis. Chapter h1053i will
be the sole guidance for the capillary electrophoresis method
in USP–NF.

(GC: A. Khrenov.) RTS—C83639

Delete the following:

~h727i CAPILLARY ELECTROPHORESIS

Electrophoresis refers to the migration of charged electrical
species when dissolved or suspended in an electrolyte through
which an electric current is passed. Cations migrate toward the
negatively charged electrode (cathode), while anions are at-
tracted toward the positively charged electrode (anode). Neu-
tral particles are not attracted toward either electrode.

The use of capillaries as a migration channel in electrophore-
sis has enabled analysts to perform electrophoretic separations
on an instrumental level comparable to that of high-perfor-
mance liquid chromatography (HPLC), albeit with some dis-
tinct operational differences, advantages, and disadvantages
relative to HPLC. This method of analysis is commonly known
as capillary electrophoresis (CE). During typical CE operation
with an uncoated capillary filled with a buffer, referred to as
the ‘‘operating buffer,’’ silanol groups present on the inner wall
of the glass capillary release hydrogen ions to the buffer and the
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wall surface becomes negatively charged, even at a fairly low
pH. Cations, or solutes having partial positive charges in the
medium, are electrostatically attracted to the negatively
charged wall, forming an electrical double layer. The initiation
of electrophoresis by applying voltage across the length of the
capillary causes the solution portion of the electrical double lay-
er to move toward the cathode end of the capillary, drawing
the bulk solution. This movement of the bulk solution under
the force of the electrical field is called the electroosmotic flow
(EOF). The degree of ionization of the inner-wall capillary silanol
groups depends mainly on the pH of the operating buffer and
on the modifiers that may have been added to the electrolyte.
At low pH, the silanol groups generally have a low ionization
and the EOF is low. At higher pH, silanol groups become more
ionized and the EOF increases. In some cases organic solvents,
such as methanol or acetonitrile, are added to the aqueous buf-
fer to increase the solubility of the solute and other additives or
to affect the degree of ionization of the sample. The addition of
such organic modifiers generally causes a decrease in the EOF.
The detector is located toward the cathode end of the capillary.
The EOF is usually greater than the electrophoretic mobility;
thus, even anions are swept toward the cathode and the detec-
tor. When an uncoated capillary containing pH 7.0 phosphate
buffer is used, the usual order of appearance of solutes in an
electropherogram is cationic species, neutral solutes, and anio-
nic species.

Currently, there are five major modes of operation of CE: cap-
illary zone electrophoresis (CZE), also referred to as free solution
or free flow capillary electrophoresis; micellar electrokinetic
chromatography (MEKC); capillary gel electrophoresis (CGE);
capillary isoelectric focusing (CIEF); and capillary isotachophor-
esis (CITP).

In CZE, separations are controlled by differences in the rela-
tive electrophoretic mobilities of the individual components in
the sample or test solution. The mobility differences are func-
tions of analyte charge and size under specific method condi-
tions. They are optimized by appropriate control of the
composition of the buffer, its pH, and its ionic strength.

In MEKC, ionic surfactants are added to the operating buffer
at a concentration above their critical micelle concentration.
The micelles provide a pseudostationary phase with which ana-
lytes can partition. This technique is useful for the separation of
neutral and ionic species.

CGE, which is analogous to gel filtration, uses gel-filled cap-
illaries to separate molecules on the basis of relative differences
in their respective molecular weight or molecular size. It was
first used for the separation of proteins, peptides, and oligo-
mers. Gels may have the advantage of decreasing the EOF
and also significantly reducing protein adsorption onto the in-
ner wall of the capillary, which can significantly reduce analyte
peak tailing effects.

In CIEF, substances are separated on the basis of their relative
differences in isoelectric points. This is accomplished by achiev-
ing steady-state sample zones within a buffer pH gradient,
where the pH is low at the anode and high at the cathode.
The gradient is established by applying a voltage across a cap-
illary filled with a mixture of carrier components consisting of
amphoteric substances having different pI values.

CITP employs two buffers that enclose the analyte zones be-
tween them. Either anions or cations can be analyzed in sharply
separated zones. In addition, the analyte concentrations are the
same in each zone; thus, the length of each zone is proportional
to the amount of the particular analyte.

The most commonly utilized capillary electrophoresis tech-
niques are CZE and MEKC. These are briefly discussed in the fol-
lowing sections. Pertinent general principles and theory,
instrumental considerations, analysis, and operational consider-
ations and parameters are discussed as well.

PRINCIPLES OF CAPILLARY ZONE
ELECTROPHORESIS

CZE makes use of the principles of electrophoresis and elec-
troosmosis to achieve separation of charged species.

(1) The electrophoretic mobility of an ion, mEP, is described by
the equation:

mEP = q / (6pZr)

in which q is the charge of the ion, Z is the solution viscosity,
and r is the radius of the hydrated ion. This relationship infers
that small, highly charged analytes have high mobilities and
large, slightly charged analytes have low mobilities.

(2) The velocity of migration, �EP, in cm per second, is repre-
sented by the equation:

�EP = mEP(V / L)

in which mEP is the electrophoretic mobility; V is the applied volt-
age; and L, in cm, is the total capillary length.

(3) The velocity of the EOF, �EO, in cm per second, is described
by the equation:

�EO = mEO(V / L)

in which mEO is the EOF mobility (the coefficient of electroosmo-
tic flow), and the other terms are as defined above.

(4) The time, t, in seconds, necessary for a solute to migrate
the entire effective length of the capillary (from the inlet to the
detector), l, is represented by the relationship:

t = l / E(mEP + mEO) = lL / V(mEP + mEO)

in which E is the strength of the applied electrical field, and the
other terms are as defined above.

(5) Efficiency of an electrophoretic system can be related to
mobility and EOF and expressed in terms of the number of the-
oretical plates, N, by the equation:

N = (mEP + mEO)V / 2D

in which D is the diffusion coefficient of the solute, and the oth-
er terms are as defined above.

(6) The resolution, R, of two consecutively eluting solutes can
be defined by the equation:

where mEP1 and mEP2 are the mobilities of the two solutes,

is their average, and the other terms are as defined above.

PRINCIPLES OF MICELLAR ELECTROKINETIC
CHROMATOGRAPHY

In MEKC, the supporting electrolyte medium contains a sur-
factant at a concentration above its critical micelle concentra-
tion (CMC). In this aqueous medium, the surfactant self-
aggregates and forms micelles whose hydrophilic head groups
form an outer shell and whose hydrophobic tail groups form a
nonpolar core into which the solutes can partition. Generally,
the micelles are anionic on their surface, and, under the applied
voltage, they migrate in the opposite direction to the EOF. This
type of partitioning is analogous to that in solvent extraction or
reverse-phase HPLC. The differential partitioning of neutral
molecules between the buffered aqueous mobile phase and
the micellar pseudostationary phase is the sole basis for separa-
tion. The buffer and micelles form a two-phase system, and the
analyte can partition between these two phases.

A micellar system suitable for MEKC meets the following cri-
teria: the surfactant is highly soluble in the buffer, and the mi-
cellar solution is homogeneous and transparent when UV
detection is employed. The most common surfactant for MEKC
is sodium dodecyl sulfate (anionic surfactant). Others include
cetyltrimethylammonium bromide (cationic surfactant) and
bile salts (chiral surfactant). The selectivity of an MEKC system
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is mainly dependent on the nature of the surfactant. Organic
solvents are often added to the MEKC buffer to adjust the ca-
pacity factors, just as in reverse-phase HPLC separations. MEKC
may be used for the separation of enantiomers. For such sepa-
rations, a chiral additive is added to the buffer or a chiral surfac-
tant, such as a bile salt, is used.

A general knowledge of conventional column chromato-
graphic principles aids in understanding MEKC principles. How-
ever, in MEKC the micelles are not truly stationary; therefore,
the column chromatographic theory needs to be modified.
The major modification introduced to MEKC principles is the
finite nature of the separation window for neutral molecules.

(7) The migration time, tR, for a neutral species is expressed
with the following equation:

tR = (1 + k’)t0 / [1 + (t0 / tMC)]

in which t0 is the time required for an unretained substance to
travel the effective length of the capillary; tMC is the time re-
quired for a micelle to traverse the capillary; k’ is the capacity
factor; and tR is always between t0 and tMC.

(8) The capacity factor, k’, for a neutral species, is calculated
by the equation:

k’ = (tR / t0 – 1) / (1 – tR / tMC)

in which the terms are as defined above.
(9) For practical purposes, k’ is calculated by the equation:

k’ = tR / t0 – 1

in which tR is the time measured from the point of voltage ap-
plication (or injection) to the peak maximum; and t0 is mea-
sured from the point of voltage application (or injection) to
the leading edge of the solvent front or of an unretained sub-
stance. In contrast with CZE, k’ in MEKC is significant and is a
characteristic of a given solute in a given MEKC system. Further
discussion of k’ appears later in the System Suitability section un-
der Operational Parameters.

(10) The resolution, RS, for neutral species is calculated by the
equation:

in which a is the selectivity, defined as the ratio of k’2 to k’1, of
the operating conditions for separating two solutes. If the two
solutes elute close together (a�1.1), either k’ may be used. The
equation shows that, just as with conventional chromatogra-
phy, resolution in MEKC can be improved through controlling
efficiency, selectivity, retention, and the chemical nature of the
resolving surfactant-medium system. The last term of the equa-
tion is due to the limited elution range. Although MEKC is par-
ticularly useful in the separation of neutral species, this
technique may also be used for the separation of charged sol-
utes. The latter procedure involves a combination of chromat-
ographic and electrophoretic separation mechanisms. The
additional interaction between charged solutes and micelle
can be used to optimize a separation. Ion-pairs may form if
the charges borne on the surfactant and solute are opposite;
otherwise, surfactant and solute repel each other. These differ-
ences can significantly influence the separation of charged mol-
ecules.

INSTRUMENTAL CONSIDERATIONS

A typical CE system (see Figure 1) contains a fused-silica cap-
illary having an internal diameter of 50 to 100 mm and a length
of 20 to 100 cm. The ends of the capillary are placed in separate
electrolyte reservoirs. The direct-current power supply is capa-
ble of furnishing high voltages, typically ranging from 0 to
30 kV. A detector and autosampler with some form of data-re-
cording device complete the system. An automatic buffer re-
plenishment system and a computer-based control and data
acquisition system may also be found on the standard commer-
cial systems. Temperature controls for both the capillary and
the autosampler are also available on commercial instruments.

The primary considerations of instrumentation include capil-
lary type and configuration, modes of sampling, power supply
and detector modes.
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Fig. 1. Typical CE Instrument Configuration.

Capillary Type and Configuration

Capillaries used in CZE are usually made of fused silica and
with no internal coating. Some instruments are configured with
a ‘‘free-swinging’’ style of capillary; that is, the capillary is not
encased within an enclosure. In most commercial instruments,
the capillary is housed in a cartridge. Both configurations offer
specific advantages and disadvantages. The ability of the instru-
ment to accommodate different types of capillaries and capillar-
ies of various diameters and lengths is an important
consideration. Capillaries with a variety of internal coatings
are also available; therefore, the ability of the instrument to ac-
commodate different capillaries is important. Internal capillary
coatings may be employed to alter the magnitude or direction
of EOF or to reduce sample absorption. If an internally coated
capillary is to be used, then sufficient details and the indication
of the supplier must be included in the method. Capillaries from
an alternate supplier can be used if it is demonstrated that they
are suitable.

Sample Introduction and Injector Technology

Modes of sample introduction onto the capillary include elec-
tromigration (electrokinetic mode) and negative- and positive-
pressure injection (hydrostatic mode).

For injection via electromigration, the sample solution is elec-
trophoresed into the capillary by inserting the capillary and
electrode into the sample vials and applying a brief, high volt-
age. The sample enters the capillary by a combination of elec-
trophoresis and EOF. Therefore, analytes with different
mobilities are loaded into the capillary to different extents.
The conductivities of the sample and standard solutes also af-
fect the EOF and the volume injected.

Negative-pressure injectors place negative pressure at the de-
tector end of the capillary and draw the sample solution into
the injection end of the capillary. Positive-pressure injectors
pressurize the sample vial, forcing the sample into the capillary.
Pressure injection loads all sample components into the capil-
lary to the same extent, and it is generally the most reproduc-
ible and the most frequently applied injection mode. The
sample volume injected depends on the capillary length and
internal diameter and the voltage or pressure applied. The typ-
ical sample volumes injected into the capillary are between 1
and 20 nL.

Each injection method offers specific advantages and disad-
vantages, depending on the sample composition, the separa-
tion mode, and the application of the method. None of the
above injection modes is as reproducible as commercially avail-
able HPLC injectors. Based on the circumstances, it may be nec-
essary to use internal standards for specific methods where high
injection precision is required.

Power Supply

Most commercially available CE units have direct-current
power supplies that are capable of furnishing power on a
ramp-up or step-function mode to achieve and maintain the
desired operational voltage in a smooth manner. This will help
to ensure a relatively smooth baseline.

Another essential feature of the power supply is its utility in
introducing a sample at the cathodic or the anodic end of the
capillary. Because it is impractical to relocate the on-line detec-
tor from one end of the instrument to the other, it is beneficial
to be able to specify whether the sample injection end is at the
cathode or the anode.

Detector Modes

CE systems generally offer UV-visible absorbance and laser-in-
duced fluorescence (LIF) detectors. Scanning UV detectors or
photodiode-array detectors are also available for many com-
mercial CE instruments.

The coupling of CE to a mass spectrometer offers the possi-
bility of obtaining structural information in conjunction with
electrophoretic migration data.

Fluorescence detection offers an enhanced sensitivity for
samples containing only very small amounts of UV-active ana-
lytes. Application of fluorescent tags to non-UV-absorbing com-
pounds can be useful. Alternately, non-UV-absorbing or
nonfluorescent analytes can be detected indirectly by adding
a chromophore or a fluorophore, respectively, to the buffer:
the non-absorbing species are detected through the absence
of expected signal from the absorbing species. Conductivity
and pulsed amperometric detectors can also be used but are
not generally available on commercial CE instruments.
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ANALYTICAL CONSIDERATIONS

Several parameters, namely, capillary dimensions, voltage,
ionic strength, and pH, are optimized to give adequate resolu-
tion and separation. Care should be taken to avoid changes in
temperature that will affect the viscosity of the buffer and, in
turn, influence both the EOF and the solute mobilities.

Capillary Dimensions—Variation of the capillary diameter
and length can affect the electrophoretic resolution. Increasing
the capillary length results in longer migration times, usually in-
creasing resolution and generating a lower current. Increasing
the capillary diameter will usually increase current and associat-
ed internal temperature gradients that decrease resolution.
Conversely, a reduction in capillary diameter will result in lower
heat and better resolution. However, larger capillary diameters
have advantages of better mass loading and improved signal-
to-noise ratio.

Voltage Effects—When higher voltages are applied, addi-
tional internal heating of the operating buffer occurs because of
the current flow through the buffer. This heating effect, known
as Joule heating, must be controlled because resistance, dielec-
tric constant, and viscosity are temperature-dependent and al-
ter the velocity of the EOF and solute mobilities.

In general, increasing the voltage will result in increased effi-
ciency and resolution (up to the point where Joule heat cannot
be adequately dissipated). Maximum resolution is obtained by
maintaining the voltage below the level at which Joule heating
and diffusion become limiting factors.

Ionic Strength Effects—Control of ionic strength and its
manipulation allow adjustment of resolution, efficiency, and
sensitivity. Increasing ionic strength will generally improve reso-
lution, peak efficiency, and peak shape. Sensitivity may be im-
proved because better focusing is achieved. However, because
the current generated is directly proportional to the buffer con-
centration, more heat is produced when ionic strength of the
buffer is increased, hence limiting the ionic strengths that can
be utilized.

pH Effects—Resolution, selectivity, and peak shape can be
dramatically altered by changes in pH as this parameter affects
the extent of solute ionization and the level of EOF. The EOF is
high at high pH and low at low pH in uncoated fused-silica cap-
illaries.

OPERATIONAL PARAMETERS

The major steps in operating a CE system are system setup,
capillary rinsing procedure, running a sample, system suitability
testing, sample analysis, data handling, and system shutdown.

System Setup—An appropriate capillary of specific length,
inner diameter, and coating is selected, with considerations
made for separation and resolution, ionic strength of buffer,
and pH effects. A buffer of appropriate composition, ionic
strength, and pH is prepared, degassed, if necessary, and
passed through an appropriate filter. All solvents, including wa-
ter, are HPLC or CE grade.

Capillary Rinsing Procedure—Improved consistency of
migration times and resolution may generally be obtained if a
defined rinsing procedure is followed. Capillary conditioning
and rinsing procedures are very specific to the analyte, matrix,
and method. Therefore, these procedures are developed as part
of the method and are specified in the individual monograph.
Rinsing may involve the use of solutions such as 0.1 M
phosphoric acid, water, and 0.1 M sodium hydroxide. Before
beginning analysis of the test specimen, the capillary may be
rinsed with five column volumes of the operating buffer that
is to be used for the test. When changing buffer composition,
it is advisable to rinse the capillary with five column volumes of
each new buffer to allow the capillary to be cleansed of the pre-
vious buffer. Use of a new uncoated fused-silica capillary usually
requires a regeneration procedure to activate the surface silanol
groups. This procedure may include an extended rinse with a
sodium hydroxide solution. Coated capillaries are rinsed ac-
cording to the manufacturer’s guidelines because inappropriate

rinsing can remove or damage the coating. Columns may be
dedicated to particular methods or buffer types to prevent
cross-contamination.

Running a Sample—An appropriate capillary, electrolyte,
and injection procedure are selected to achieve adequate reso-
lution, sensitivity, and separation, with well-shaped and well-
defined peaks. The required injection precision for a specific
method may require use of an internal standard. The internal
standard is selected with consideration of its ability to ade-
quately separate from the analyte. The performance of the sys-
tem may be improved by rinsing the capillary between
injections and supplying fresh buffer to the source and destina-
tion vials used during voltage application, namely, vials 2 and 4
in Figure 1. Replicate injections from the same sample vial may
be performed provided that no cross-contamination occurs. If
cross-contamination occurs, the capillary tip may be rinsed by
briefly inserting it into a vial containing the buffer prior to in-
serting the capillary into the electrolyte or sample vial.

The operational parameters are specified in each individual
monograph so as to minimize voltage effects, ionic strength ef-
fects, and pH effects. The instrument is set up to run with the
appropriate capillary configuration and injection conditions,
within the established linear dynamic range of the detector;
and acceptable migration precision is ensured by appropriate
choice of sample diluent, separation electrolyte, electrolyte ad-
ditives, and capillary pretreatment conditions. Exercise caution
to avoid overloading the capillary with sample, as this decreases
efficiency and reproducibility.

System Suitability—Parameters measured may include in-
jector reproducibility, system selectivity, system efficiency, and
tailing. Resolution between the analytes and other compounds
may be determined by using test mixture standards.

Parameters typically used to determine system suitability in-
clude relative standard deviation (RSD), capacity factor (k’), the
number of theoretical plates (N), sensitivity (limit of detection
or quantitation), number of theoretical plates per meter (TPM),
tailing factor (T), and resolution (R).

The peak shape is closely examined; ideally, the peak is sym-
metrical, with no shoulders and no excessive tailing. If these
conditions are not met, corrective actions are taken before pro-
ceeding with the analysis. Peak integration is also closely exam-
ined to ensure that the peak response is correctly quantitated.

Replicate injections of a Standard preparation of known con-
centration can be used to determine the reproducibility of the
CE system. Data from five or more replicate injections are used
to calculate RSD. Unless otherwise specified in the individual
monograph, the relative standard deviation for replicate injec-
tions is not more than 3.0%. Minimum injection precision val-
ues may be specified in specific CE methods, especially when
determining trace-level components. Calculation of electro-
phoretic parameters in MEKC, as in other forms of CE, may in-
volve a combination of chromatographic and electrophoretic
relationships. Hence, capacity factor, k’, for neutral analyte mi-
gration in MEKC can be calculated by the equation:

k’ = tR – t0(1 – tR / tMC)

in which tR,t0, and tMC are the migration times of the analyte, the
bulk solution (EOF), and the micelle, respectively.

The number of theoretical plates, N, is a measure of the effi-
ciency of the system and is calculated by the equation:

N = 16(tR / W)2 or N = 5.54(tR / W1/ 2)
2

in which W is the analyte peak width at baseline, W1/2 is the ana-
lyte peak width at half-height, and tR is the analyte migration
time.

The number of theoretical plates per meter, TPM, is a mea-
sure of the efficiency of the capillary as a function of peak width
at baseline and can be calculated by the equation:

TPM = 1600(tR / W)2 / L

in which L, in cm, is the total capillary length; and the other
terms are as defined above. The tailing factor, T, of the analyte
peak is a measure of peak symmetry, and it represents the de-
gree of deviation of the symmetry of the peak from an ideally
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symmetrical Gaussian peak. This factor can be calculated by the
equation:

T = W0.05 / 2f

in which W0.05 is the length of a line constructed parallel to the
peak base from the leading edge to the tailing edge of the peak
at 5% of peak height; and f is the distance along the same line
from the leading edge of the peak, appearing to the left of the
peak maximum in the electropherogram, to the intercept of a
perpendicular line dropped from the peak maximum to the
base. A ratio of 1.0 indicates a perfectly symmetrical peak. If
electrodispersive effects occur, they can generate highly asym-
metrical peaks. This can occur when high sample concentra-
tions are used, such as those for testing of impurities. Use of
highly asymmetrical peaks is acceptable provided that they
are reproducible and that they do not compromise separation
selectivity.

The resolution factor, R, is a measure of the ability of the cap-
illary system to separate consecutively migrating analytes. Reso-
lution is determined for all sample analytes of interest, with the
pH of the buffer adjusted as necessary to meet system suitability
requirements. It can be calculated by the equation:

R = 2(t2 – t1) / (W1 + W2)

in which t2 and t1 are the migration times, measured at peak
maxima, for the slower migrating peak and the faster migrating
peak, respectively; and W2 and W1 are the corresponding widths
of these two peaks measured at their bases.

Sample Analysis—Once the suitability of the CE system has
been established, aliquots of both the Standard preparation
and the test preparation are injected. Standards are injected be-
fore or after the samples and intermittently throughout the run.

Data Handling—Time-normalized peak areas are often
used in quantitative calculations. These are determined by di-
viding the observed integrated peak area by the migration time
of the analyte. This compensates for the fact that in CE, unlike
HPLC, each analyte travels through the detector at a different
velocity. Unless this normalization is performed, slowly moving
(later-migrating) analytes will have disproportionately large
peak areas compared with those for early migrating compo-
nents.

System Shutdown—After analysis, the capillary is rinsed
according to the directions specified in each monograph or
as recommended by the manufacturer. For example, the capil-
lary might be rinsed with distilled water to remove buffer com-
ponents and then filled with air or nitrogen by performing a
rinse from an empty vial. Naturally, the destination and source
vials, namely, vials 4 and 2 in Figure 1, are emptied of buffer and
rinsed thoroughly with deionized water.~USP34

BRIEFING

h729i Globule Size Distribution in Lipid Injectable
Emulsions, USP 32 page 283 and page 626 of PF 35(3)
[May–June 2009]. There has been some confusion within the
pharmaceutical industry about whether general test chapter
h729i applies to lipid injectable emulsions used for total paren-
teral nutrition (TPN) or all lipid emulsions administered intrave-
nously. It is the intent of the Parenteral Products—Industrial
Expert Committee that the chapter be applied to all lipid emul-
sions administered intravenously. To make this intent clear, a re-
vision to the Introduction is being proposed.

(PPI: D. Hunt.) RTS—C84290

Change to read:

INTRODUCTION

Lipid injectable emulsions used in total parenteral nutrition
(TPN) therapy

~

for intravenous administration~USP34
are sterile oil-in-water emulsions of soybean oil, used to provide
an ample supply of essential fatty acids, linoleic and linolenic,
dispersed with the aid of an emulsifying agent in Water for In-
jection. Alternatively, soybean oil can be mixed with other suit-
able oils (neutral triglycerides), such as safflower oil, medium-
chain triglycerides (MCT) derived from coconut or palm kernel
oils, olive oil, or a marine oil, such as menhaden oil. The size of
the lipid droplets is critical: because of mechanical filtration, lar-
ger-size fat globules (45 mm) can be trapped in the lungs. The
essential size characteristics of a lipid injectable emulsion for in-
travenous use includes the mean diameter of the lipid droplets
and the range of the various droplet diameters distributed
around the mean diameter, expressed as the standard devia-
tion. In particular, the amounts of fat globules comprising the
large-diameter tail of the globule size distribution are especially
important with respect to infusion safety. These two regions of
the globule size distribution (mean droplet size and large-diam-
eter tail) must be controlled within specified limits.

The two methods described below are used for determina-
tion of the mean lipid droplet diameter and the distribution
of large-diameter globule sizes in lipid injectable emulsions.
Method I and Method II must be validated. The methods de-
scribed below to assess the quality of lipid injectable emulsions
are to be performed in two stages.

Change to read:

METHOD II—MEASUREMENT OF LARGE
GLOBULE CONTENT BY LIGHT OBSCURATION

OR EXTINCTION METHOD

For determination of the extent of the large-diameter droplet
tail (45 mm) of lipid injectable emulsions, a light obscuration
(LO) or light extinction (LE) method that employs a single-par-
ticle (globule) optical sizing (SPOS) technique is used. During
application of the LE/SPOS technique, passage of a droplet
through a thin optical sensing zone results in blockage of a por-
tion of the incident light beam, causing a momentary decrease
in the light intensity reaching the ‘‘extinction’’ detector. The
magnitude of this decrease in the signal is ideally proportional
to the cross-sectional area of the droplet (assumed smaller than
the sensing zone thickness), i.e., to the square of the droplet
diameter. During optimization of the LE/SPOS instrument for
a given emulsion sample, a series of dilutions should be tested
to achieve an acceptably low coefficient of variation (i.e.,
510%)

&consistency&1S (USP33)
between samples. The goal is to identify a standard range of
dilutions that yield consistent data and are most applicable to
the formulation tested. Ideally, when comparing different emul-
sions, the same approximate number of globules are sized each
time, and once a standard is achieved, it should be incorporat-
ed into the routine sampling plan for validation testing. As long
as the fat globule concentration is below the ‘‘coincidence lim-
it’’ of the sensor (determined by the flow cell and optical de-
sign), only one globule at most will pass through the sensing
zone at any given time, allowing it to be counted and ac-
curately sized (with less than 1% coincidence events). Both
the coincidence limit and the optimal flow rate must be known
for the LE/SPOS sensor used. Furthermore, it is prudent to per-
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form the large-diameter measurements at a reduced emulsion
concentration such that the measurable droplet concentration
(i.e, 41.8 mm)

&from the threshold of detection (e.g., 41.8 mm) to an

upper limit (e.g., 50 mm)&1S (USP33)

is only approximately one-third of the nominal coincidence lim-
it for the sensor used. The resulting single pulse heights are con-
verted to droplet diameters using a standard calibration curve
previously constructed from NIST-traceable monosized polysty-
rene microspheres of known diameters. For additional guid-
ance in the use of the light obscuration methodology, see the
general chapter Particulate Matter in Injections h788i.

Apparatus—A suitable light obscuration instrument with or
without the capability of automatic sample dilution and con-
trolled by a personal computer (PC) is used for the measure-
ment. The number- and volume-weighted particle size
distribution data are reported, provided it is clearly stated
which values are given and that the necessary parameter values
required for all necessary calculations are also given.

Water—Pass distilled water through a filter having a 0.2-mm
porosity, and degas by sonication,

&

&1S (USP33)

or use Sterile Water for Injection stored in a glass container.
Standard Preparation—To a preestablished volume of

water add an appropriate amount of concentrated suspension,
containing NIST-traceable polystyrene latex standard particles
or other suitable microspheres. Gently mix the fluids to achieve
a homogeneous suspension. If the light obscuration instrument
is equipped with an automatic dilution system, the starting con-
centrated sample can be analyzed by injection directly into the
instrument via a syringe or Teflon sample line. Further dilution
of the sample then occurs automatically to optimize the particle
concentration for analysis. Alternatively, the sample would re-
quire greater manual dilution with water (typically by at least
a factor of 10 over the first dilution). The resulting diluted sam-
ple is then instilled in an appropriate, clean container, such as a
sterile Type I glass container, before being passed through the
sensor. In either case the final particle concentration is caused to
lie below the coincidence limit of the sensor. The sizing and
counting accuracy of the light obscuration instrument should
be obtained using three different size standards of approxi-
mately 5 mm, 10 mm, and 25 mm (triplicate analyses per size).
The corresponding results for the mean diameter should coin-
cide with the expected values, within 10% acceptable error. In
addition, the number of particle counts obtained per unit vol-
ume of diluted sample suspension should also agree, within
10% acceptable error, with the concentration values certified
in the documentation provided with each NIST-traceable size
standard.

&two different size standards of approximately 5 mm and

10 mm (triplicate analyses per size). For the standards af-

ter system calibration, set the instrument threshold of de-

tection at 1.8 mm, extended to an upper limit of 50 mm.

The corresponding results for the mean diameter should

coincide with the expected values, within 10% of the rel-

ative standard deviation and 90%–110% size accuracy.

In addition, the number of particle counts obtained per

mL should also agree within +10% with the concentra-

tion values certified in the documentation provided with

each NIST-traceable size standard.&1S (USP33)

Test Preparation—To a preestablished volume of water
add an appropriate volume of sample from the lipid injectable
emulsion

&(triplicate analyses per sample).&1S (USP33)

Gently mix the fluids to achieve a homogeneous suspension.
The diluted emulsion will be slightly turbid in appearance. If
the light obscuration instrument is equipped with an automatic
dilution system, the starting concentrated sample can be ana-
lyzed by injection directly into the instrument via a syringe or
nonreactive* Teflon sample line. Further dilution then occurs au-
tomatically to optimize the droplet/globule concentration for
analysis. Alternatively, the sample would require greater manual
dilution with water (typically by at least a factor of 10 over the
first dilution). The resulting diluted sample is then instilled in an
appropriate, clean container such as a sterile Type I glass con-
tainer. In either case the final droplet/globule concentration is
caused to lie below the coincidence limit of the sensor.

System Suitability—Using the Standard Preparation, mea-
sure the number-weighted particle diameter and the corre-
sponding standard deviation. The system is suitable once the
sample has equilibrated and the results have stabilized and trip-
licate mean number-weighted particle diameter measurements
are obtained within 10% of each other. The measured coeffi-
cient of variation (CV) for the number-weighted particle size
distribution should not deviate by more than 25% from the
CV value stipulated for the NIST-traceable standard. The latter
value is usually very small, assuming nearly uniform-size stan-
dard particles. Therefore, in practice the measured CV value is
usually considerably larger than this ideal value, being dictated
instead by the resolution of the LE/SPOS sensor. The resolution
of the sensor should be sufficiently good that the measured CV
value does not exceed 15% of the mean diameter of the NIST-
traceable standard. A larger CV value indicates that the latex
microspheres are not suitable as a standard because they either
inherently lack uniformity or have become agglomerated to an
unacceptable extent. In this case, another standard latex sus-
pension must be selected and tested.

&Perform prior to the test procedure, using the Standard

Preparation of a 5- and 10-mm NIST-traceable particle.

Measure in triplicate the number-weighted particle di-

ameter and the counts/mL of the standard. The system

is suitable when the triplicate mean number-weighted

particle diameter measurements are within 10% of the

target value, both in terms of repeatability (CV) and

closeness to the certified size on the label of the NIST-

traceable standard.&1S (USP33)

Procedure and Interpretation—If the light obscuration
instrument is equipped with an automatic dilution system,
use a disposable syringe or Teflon sample line to load the Stan-
dard Preparation or Test Preparation. If no automatic dilution sys-
tem is used, transfer the sample to an appropriate large-
volume, clean container such as a sterile Type I glass vessel con-
taining an appropriate volume of water. Allow the sample and
water to mix thoroughly to achieve a homogeneous suspen-
sion. Set the instrument threshold of detection at 1.8 mm, ex-
tended to an upper limit of 50 mm, and employ measurement
times of 120, 180, and 240 seconds for each run of each repli-
cate of the sample (n = 3 runs per sample).

* Polyvinyl chloride (PVC) with diethylhexylphthalate (DEHP) has been
shown to induce breakdown of lipid injectable emulsions (Drug Product
Problem Reporting System. USP File Access No. 11173, May 15, 1991).
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&vary the concentration and/or data collection times

such that there is at least a factor of two in the difference

of the total number of globules that measure 45 mm be-

tween at least two sample runs. In any case, the number

of globules that measure 45 mm should be large enough

so that it represents an adequate number of globules that

are statistically representative of the large-diameter tail

population of the native emulsion.&1S (USP33)

As long as the three&

&1S (USP32)measurements of the volume-
weighted percentage of fat greater than 5 mm (PFAT5) for each
sample fall within 10% of each other (irrespective of run time),
the results for the Test Preparation are acceptable. Values ex-
ceeding this reproducibility tolerance suggest either that the
sample is unstable or that the dilution has not been optimized.

&

&1S (USP33)

The volume-weighted, large-diameter fat globule limits of the
dispersed phase, expressed as the percentage of fat residing
in globules larger than 5 mm (PFAT5) for a given lipid injectable
emulsion must be less than&are not to exceed&1S (USP32)

&must not exceed&1S (USP33)

0.05%.

GENERAL CHAPTERS

General Information

BRIEFING

h1053i Biotechnology Derived Articles—Capillary
Electrophoresis, USP 32 page 490 and the Revision Bulletin
posted on the USP website, with an official date of July 1,
2009. It is proposed to change the name of this general infor-
mation chapter because of the proposed omission of general
test chapter Capillary Electrophoresis h727i. Chapter h1053i will
be the sole guidance for the capillary electrophoresis method in
USP–NF, and its applicability would not be limited to biotech-
nology derived articles.

(BB-PP: A. Khrenov.) RTS—C77013

Change to read:

h1053iBIOTECHNOLOGY-DERIVED
ARTICLES—CAPILLARY

ELECTROPHORESIS

~CAPILLARY ELECTROPHORESIS~USP34

BRIEFING

h1070i Emergency Medical Services Vehicles and Am-
bulances—Storage of Preparations, USP 32 page 516. It is
proposed to omit general information chapter h1070i from the
USP–NF. The storage of drug products in emergency service ve-
hicles is specifically covered in this chapter. The information cur-
rently in h1070i will be included in the proposed revision to
Good Storage and Shipping Practices h1079i, which appears else-
where in this issue of PF.

(P&S: D. Hunt.) RTS—C83323

Delete the following:

~h1070i EMERGENCY MEDICAL
SERVICES VEHICLES AND

AMBULANCES—STORAGE OF
PREPARATIONS

The storage and handling of pharmaceuticals in emergency
vehicles and ambulances should be done so that the attributes
of the official articles are preserved. There are a number of prac-
tices that need consideration when an effective plan is formu-
lated, evaluated, put in place, and periodically re-evaluated.
Those practices are listed here.

Monitoring devices should be in place to record weekly tem-
peratures, and allow the calculation of mean kinetic tempera-
ture for conformance to controlled room temperature storage
for those vehicles utilized continuously. Measurement should
also be made during a typical challenging 24-hour period,
and the derived temperature should be used for the calculation
of MKT and storage temperature of the sample.

PHARMACEUTICAL STORAGE CABINET
MONITORING; LOCATION OF PARKED

VEHICLES

Ambulances and other emergency medical response vehicles
that routinely carry Pharmacopeial articles should be monitored
to verify that temperature profiles and on-board pharmaceuti-
cal storage cabinets or cold chests are within established limits.
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Suitable monitoring devices are to be placed in the pharmaceu-
tical cabinet of each vehicle that records highest and lowest
temperatures, at the least, of each hot summer and cold winter
day. To avoid temperature extremes, ambulance personnel
should consider parking in the shade or in air-conditioned ga-
rages in the summer or in heated garages in the winter.

STOCK ROTATION

A program of regular stock rotation should be in place for ar-
ticles with low rates of turnover. Rotation is understood as trans-
fer of the articles with suitable marking of stock items to an
appropriate climate controlled facility or storage cabinet such
as in an ambulance bay. Off-vehicle storage of each article is
subject to the storage requirement in the approved labeling
or the pertinent USP monograph.

PORTABLE CARRYING CASE STORAGE AND
MONITORING

The portable bag or carrying case in which drugs are kept is
to be insulated, and when not in use, should be kept in a phar-
maceutical storage cabinet or at controlled room temperature
within facilities. Storage in portable bags or cases only, rather
than in on-board cabinets, should be considered to facilitate
stock rotation where indicated. The use of time–temperature
indicators is recommended to monitor cumulative insult to
the contents of all compartments.

ADDITIONAL REQUIREMENTS FOR SOME
ARTICLES

All articles are to be protected from excessive heat (408). If
the article requires storage in a cold or dry place or at controlled
room temperature, then suitable measures are to be taken to
maintain it within the defined limits, see General Notices—Pre-
servation, Packaging, Storage, and Labeling. Articles that have
the most stringent storage requirements determine the storage
of mixed loads.

STORAGE AND HANDLING OF SENSITIVE
PREPARATIONS

Environmentally sensitive preparations are not to be stored
in emergency response vehicles unless the on-board cabinet in
which the medications is stored is climate controlled or a time–
temperature indicator is attached to each package. If environ-
mentally sensitive preparations must be kept in the EMS vehicle,
then the supply of medications should be rotated with reserve
stock on a schedule based on local climate, but not longer than
every 3 days.

USE OF TIME–TEMPERATURE INDICATORS

Attach time–temperature indicators to individual thermally
sensitive preparations where time outside of the on-board cabi-
net can exceed 4 days total. On-board cabinets must be insu-
lated and while medications are inside, active heating and
cooling devices should be used in accord with the local climate
and as specified for the preparations.~USP34

BRIEFING

h1079i Good Storage and Shipping Practices, USP 32
page 536. This general information chapter provides guidance
on the proper storage and transportation of drug products
from manufacturer to end user. From 1997 to 2000, five ship-
ping studies were undertaken that examined the effect of tem-
perature and humidity fluctuations on drug products shipped
around the world. The results of these initial studies led to the
development of this chapter. The chapter was first published in
the Pharmacopeial Forum in 2003, was canceled and repro-
posed in 2004, and became official in USP 29–NF 24 in 2006.

The chapter recognizes that the pathway from manufacturer
to end user is usually complex and that numerous parties are
involved in a series of handoffs. During this process, different
modes of transportation may be used between holding facili-
ties, and every storage area may have different controls and
procedures.

This proposed revision of the entire chapter is intended to re-
flect the globalization of activities surrounding the storage and
transportation of drug products. As we have moved from a re-
gional to a global supply chain, it has become more important
to adhere to labeled temperature requirements. In addition, the
importance of cold chain storage has increased with the in-
crease in biotechnology-derived drugs requiring refrigerated
storage. The chapter revision process entailed consulting a
number of regulatory bodies worldwide—either directly or
through their published guidelines and regulations on drug
product storage and transportation—as well as reviewing
guidelines and technical reports from nongovernmental au-
thorities and organizations. Discussions were held directly with
FDA; Health Canada; and the United Kingdom government
agency Medicines and Healthcare Products Regulatory Agency
(MHRA).

The storage of drug products in emergency service vehicles is
specifically covered in Emergency Medical Services Vehicles and
Ambulances—Storage of Preparations h1070i. That chapter was
first published in PF in 2004 and became official in USP 30–NF
26 in 2007. This proposed revision to chapter h1079i would in-
clude the information in h1070i; therefore it is also proposed
here that h1070i be omitted from the USP–NF.

At the end of this chapter a References section is provided for
the sources cited in the briefing and in the chapter text.

(P&S: D. Hunt) RTS—C74656

Change to read:

h1079iGOOD STORAGE AND
SHIPPING PRACTICES

~GOOD STORAGE AND TRANSPORTA-

TION PRACTICES FOR DRUG

PRODUCTS~USP34

This general information chapter is intended to provide gen-
eral guidance concerning storing, distributing, and shipping of
Pharmacopeial preparations. It describes procedures to main-
tain proper storage environments for individual articles and to
ensure a preparation’s integrity, including its appearance, until
it reaches the user. There is no change to any applicable require-
ments under Current Good Manufacturing Practices, approved
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labeling, state laws governing pharmacies, the USP General No-
tices and Requirements, or monographs. The section Preserva-
tion, Packaging, Storage, and Labeling under General Notices
and Requirements provides definitions for storage conditions.
All equipment used for recording, monitoring, and maintaining
temperatures and humidity conditions should be calibrated on
a regular basis. This calibration should be based on NIST or in-
ternational standards (see Monitoring Devices—Time, Tempera-
ture, and Humidity h1118i). A Pharmacopeial preparation may
follow several potential routes from the original manufacturer
to the patient. Figure 1 documents present-day routes and
the associated risks. These risks include exposure to tempera-
ture excursions, humidity, light, and oxygen. For a discussion
of climates, stability, and mean kinetic temperature, see Phar-
maceutical Stability h1150i. Temperature- or humidity-sensitive
articles are to be handled in accordance with General Notices.

PACKAGING AND STORAGE STATEMENT IN
MONOGRAPHS

Most articles have storage conditions identified by their label-
ing. Otherwise, it is expected that the conditions for storing the
article are specified in the monograph according to definitions
provided by the General Notices and Requirements in the section
Storage Temperature, and Humidity under Preservation, Packag-
ing, Storage, and Labeling. In cases where additional information
on packaging and storage is desired, a specific statement can
be provided in the Packaging and storage or the Labeling section
of the individual monograph.

STORAGE IN WAREHOUSES, PHARMACIES,
TRUCKS, SHIPPING DOCKS, AND

OTHER LOCATIONS

Pharmacopeial articles are to be stored in locations that ad-
here to conditions established by the manufacturer. Where the
desired conditions are not established, use storage conditions
described in the General Notices and Requirements or in the ap-
plicable monograph.

Warehouses

Observation of the temperature variations in a warehouse
should be made over a period of time to establish a meaningful
temperature profile, including the temperature variations and
conditions in the different parts of the warehouse. Such obser-
vations provide data and information as to where various prod-
ucts should and should not be stored.

ESTABLISHING TEMPERATURE PROFILES

Temperature profiles can be compiled by using a suitable
number of thermometers or other temperature recording in-
struments. They should be placed throughout the warehouse
in divided sections and should record the maximum and mini-
mum temperatures during a 24-hour period for a total of three
consecutive 24-hour periods. The following factors, some of
which may give rise to extreme temperatures, should be con-
sidered during the process of temperature profiling: the size of
the space, location of space heaters, sun-facing walls, low ceil-
ings or roofs, and geographic location of the warehouse. Tem-
perature profiling for warehouses already in use should be done
at known times of external temperature extremes, e.g., for a pe-
riod of not less than 3 hours when air temperatures are higher
than 258 or less than 158. Profiling should be conducted in both
summer and winter. A mean kinetic temperature (MKT) should
be obtained for any separate areas within the warehouse (see
Pharmaceutical Calculations in Prescription Compounding
h1160i for samples of MKT calculations). The temperature pro-

file report should provide recommendations for the use of each
area and identification of any areas that are found unsuitable for
storage of Pharmacopeial articles.

CONTROLLED ROOM TEMPERATURE

The General Notices provide a definition for Controlled Room
Temperature. A temperature profiling study should demonstrate
suitability for storing Pharmacopeial articles in areas deter-
mined to be at room or controlled room temperature. A suit-
able number of temperature and humidity recording
instruments should be installed to record temperatures and to
provide temperature and humidity profiles. Temperature re-
cording should be conducted to meet the recommendations
for establishing mean kinetic temperature and to comply with
the warehouse’s written procedures. These written procedures
should have a reporting mechanism in place whereby a man-
agement tree is informed in the event that predefined high or
low temperatures or humidity limits have been exceeded. Re-
cords can be reviewed as determined by the management sys-
tem in accordance with established guidelines. Suitable training
should be provided to persons who record temperatures, and
proper quality accountability and tracking systems should be
maintained.

STORAGE AT ‘‘COOL,’’ ‘‘COLD,’’ ‘‘REFRIGERATOR,’’ AND ‘‘FREEZING’’

CONDITIONS

The General Notices provide definitions for cool, cold, refrig-
erator, and freezer temperatures. A temperature profiling study
can be used to establish suitable areas for storing Pharmaco-
peial articles designated to be stored under these conditions.
Equipment used for storing Pharmacopeial articles at these
low temperatures should be qualified according to written pro-
cedures provided by the management system. Recording de-
vices can be installed within the equipment and used to
enable both air and product temperatures to be recorded at
regular intervals. The number and location of monitoring de-
vices should be determined based on the result of the temper-
ature profile. Temperature records should be examined at least
once every 24 hours or as provided in the equipment protocol.
Cool or cold conditions are moisture-condensing conditions.
Humidity-monitoring devices should be used in cases where
the repackaged Pharmacopeial article is humidity-sensitive or
labeled to avoid moisture. Additionally, there can be installed
temperature-monitoring, and where necessary, humidity-mon-
itoring alarm devices that have the capability of alerting person-
nel in the event that control is compromised. There should be
protocols in place to address procedures for responding to
failed temperature and humidity ranges both for normal work-
ing hours and outside normal working hours. Temperature and
humidity should be reviewed at the times designated by the es-
tablished protocol. The calibration and functioning of all tem-
perature and humidity monitoring devices, including alarms
and other associated equipment, should be checked on an an-
nual or semiannual basis. Regular maintenance protocols
should be in place for refrigeration equipment. There should
be written agreements in place for all maintenance and evalu-
ation procedures, and this may include an emergency situation
protocol.

PERSONNEL TRAINING

Suitable training should be provided for personnel who han-
dle Pharmacopeial articles with special storage temperature re-
quirements. Personnel should know how to monitor
temperatures and how to react to situations where adverse
temperatures are identified. There should be written proce-
dures in place such that the adverse temperatures are recorded
and a report provided to the parties designated in the protocol.
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QUALIFICATION OF ‘‘COLD’’ EQUIPMENT OR STORES

Only climate control equipment for which a contractor has
provided documentation to assure its suitability for tempera-
ture and humidity requirements should be considered for use
in cold storage. Qualification procedures on a regular basis
should be independently conducted on equipment in cold
stores to guarantee suitability and proper functioning. The pro-
cedure should demonstrate the temperature profile for both air
and product temperatures when empty as well as when loaded.
The procedure should also demonstrate the time taken for tem-
peratures to exceed the maximum temperature in the event of
a power failure. Qualification should consider thermal fluctua-
tions that occur during stock replenishment and order removal.
The results of the qualification should demonstrate the ability of
the equipment to maintain the required temperature range in
all areas, defining any zones which should not be used for stor-
age such as those areas in close proximity to cooling coils, cold
air streams from equipment ventilation, or doors. The variability
of the system can be characterized by using the relative stan-
dard deviation. Thermal monitoring should establish that the
system is rugged in that its temperature profile is consistent
and reliable.

DISTRIBUTION AND SHIPMENT OF
PHARMACOPEIAL ARTICLES

As indicated in Figure 1, a drug can take a variety of paths
from the manufacturer to the patient. In the simplest form of
the distribution system, the manufacturer ships directly to the
customer, such as a doctor’s office, clinic, or hospital. However,
more often, the article leaves the manufacturer’s chain of con-
trol and enters a complex system of handoffs that involve the
distribution chain to the patient.

Shippers and distributors are to follow the proper storage
and shipping requirements as indicated by the manufacturer.
For particular cases, such as shipment of vaccines or other spe-
cial care products, manufacturers may require special shipping
and storage conditions generally referred to as ‘‘cold-chain
management’’. For example, manufacturers may attach tem-
perature-monitoring devices and/or ship under specified con-
trolled conditions to ensure that the desired temperature is
maintained during distribution (see Monitoring Devices—Time,
Temperature, and Humidity h1118i). Validated, available temper-
ature- and/or humidity-monitoring technologies can be used to
monitor the overall environmental effect on compendial articles
during shipment and distribution. In these cases, the shipping
conditions of the package are recorded. In general, extreme
temperature conditions (i.e., excessive heat, freezing) should
be avoided. Distribution systems chosen to deliver pharmaceu-
tical products from the manufacturer to the consumer should
take into account basic operational parameters, including time-
liness and accountability. The manufacturer’s FDA-approved
storage conditions, printed in the labeling of the product,
should be observed carefully at each destination of the distribu-
tion chain (see Figure 1), unless specifically instructed otherwise
in the immediate label of a shipping container. This may be the
case for certain pallet-sized shipping containers where the
amount of refrigerant contained (e.g., dry ice, gel packs) is
based on an anticipated exterior condition approximating con-
trolled room temperature. In such cases, placing the shipping
container in a refrigerator could lead to the product inside
freezing, potentially affecting its quality. Items requiring special
handling conditions will have those conditions clearly indicated
in the labeling for the product. The Prescription Drug Market-
ing Act of 1987 and the ensuing regulations in 21 CFR Part 203,
Prescription Drug Marketing, and Part 205, Guidelines for State
Licensing of Wholesale Prescription Drug Distributors, provide
the necessary regulations and guidance for several legs of the
distribution chain for the prescription drug. The manufacturers

and distributors should work together to establish proper distri-
bution and product-handling requirements for the purpose of
ensuring appropriate product maintenance in transit. Pharma-
cists and physicians should educate patients regarding proper
storage of products to ensure product integrity at the patient
level. Information that may be considered in determining the
ability of pharmaceutical articles to maintain their Pharmaco-
peial requirements of identity, strength, quality, and purity
through the distribution channel may include, but is not limited
to the following: ICH stability studies, temperature cycling stu-
dies, stability shipping studies, ongoing regulatory stability
commitment studies, market experience portfolio (i.e., product
complaint files, historical product performance data, product
development data), and product labeling commitments.

Qualification Protocol

Operational and performance testing should be parts of a for-
mal qualification protocol that may use controlled environ-
ments or actual field testing based on the projected
transportation channel. These should reflect actual load config-
urations, conditions, and expected environmental extremes.
Temperature and humidity monitors should be placed into
the product or a representative thereof. Testing consists of con-
secutive replicate field transportation tests using typical loads,
according to an established protocol.

Physical Challenges

Most products are sufficiently robust to withstand distribu-
tion with minimal protection from routine, well-understood
physical and environmental hazards. Several standard test
methods are available for evaluating package performance fac-
tors under well-documented shock, vibration, and other transit
elements. The American Society for Testing and Materials doc-
ument, ‘‘Standard Practice for Performance Testing of Shipping
Containers and Systems’’ (ASTM D4169-98), and the Interna-
tional Safe Transit Association’s (ISTA) specifications have similar
methods for evaluation of shipping performance for various
types of transit modes such as less-than-truckload (LTL), small
package, rail car, air freight, etc. From the manufacturer’s per-
spective, these tests are very useful in evaluating the product
and package durability and fragility. The tests are usually per-
formed on shipping carton quantities of a specific stock keeping
unit (SKU) as an unbroken whole. Fragility problems can be cor-
rected with package modifications, which could include plac-
ing cotton or rayon coilers in bottles or placing top and
bottom pads in the shipping case to reduce package breakage.
Not all protective packaging elements follow the SKU through
the system.

Basic packaging principles are observed when separating the
contents of the manufacturer’s shipping container or pallet load
into smaller quantities or when shipping mixed product loads.
For example, glass containers are wrapped in a bubble wrap or
other shock-absorbent material, and the void spaces are filled
with dunnage (e.g., foam ‘‘peanuts,’’ shredded or tightly crum-
pled paper, bubble wrap) to protect the contents from shifting
and drop impact. Large-volume liquid containers may be
bagged in plastic and kept isolated to prevent leakage to, or
damage of, adjacent packages. ‘‘Skin packaging,’’ a term de-
scribing a heat-shrink film that anchors the load to fiberboard
and prevents load shift, can be an excellent method of protect-
ing some products, but it may be inappropriate for heat-sensi-
tive products. The shipping carton should have correct Edge
Crush Test (ECT) characteristics for freight being shipped ac-
cording to Item 222 of the National Motor Freight Classification
and Rule 41 of the Uniform Freight Classification.
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Figure 1. Drug product distribution.

Temperature Challenges

Shipping of temperature-sensitive articles requiring thermally
controlled packaging presents a special challenge. Unlike
shock, vibration, and other physical hazards, thermal hazards
tend to be unique to a given system. Except for temperature-
controlled trucks, the distribution environment is widely vari-
able and depends upon a range of factors, including points of
origin and destination, article and container sensitivities to cold,
accidental freezing or heat, transit mode (e.g., air, truck, com-
bination), time, weather or season, and carrier type (e.g., small
package carrier or integrator, freight forwarder, U.S. Postal Ser-
vice). The shippers should know and understand the systems
they use and should design the protective package accordingly.
Storage temperature ranges may not be indicative of the allow-
able tolerances during shipping. Articles labeled for special stor-
age conditions (between 28 and 88) vary widely in their
tolerance of short-term exposure to heat and cold. Some, such
as soft gelatin capsules and suppositories, carry specific upper
limits on both shipping containers and SKUs. A temperature cy-
cling study intended to identify those articles affected by mul-
tiple, short-term excursions beyond the storage temperature
limits should be performed. These data provide wholesalers
and distributors with clearer identification of those drug prod-
ucts that may require special handling during particular climate
conditions.

Materials

Two commonly used types of refrigerant are dry ice (frozen
carbon dioxide gas) and wet ice (frozen water), which appears
as crushed ice or in various refrigerant packs containing water
mixtures with specific freezing points. Phase-change materials
are also available for specialized needs. Refrigerant packs should
have the correct freezing point and be cooled to the proper sur-
face temperature prior to use. Articles harmed by accidental
freezing may require a barrier between the refrigerant and
the product or some other special packaging. Insulating mate-
rials commonly available include foil laminates, bubble pack,
corrugated, fabricated, and molded expanded polystyrene

(EPS) cartons, and fabricated or molded urethane foam cartons,
with or without additional interior components. Recognized
standard test methods for evaluating insulated containers are
currently limited to ASTM D3103-92, Standard Test Method
for Thermal Insulation Quality of Packages and a method under
development by ISTA. Neither one fully addresses all of the is-
sues involved, but both include useful information on testing
procedures. The tests should be modified based on the specific
system adopted by the shipper. The manufacturer may be able
to supply helpful data on specific articles and their require-
ments.

SPECIAL HANDLING

Certain classes of Pharmacopeial articles may require special
handling. Such articles include products classified as dangerous
goods under the Department of Transportation (DOT), state,
local, or carrier rules; or products classified as controlled sub-
stances by the Drug Enforcement Administration (DEA) or by
individual states.

Receipt of Pharmacopeial Articles

Upon arrival of Pharmacopeial articles to warehouse loading
docks, premises, and other arrival areas, the Pharmacopeial ar-
ticles are to be transferred to their manufacturer-designated
storage environment within 2 hours of receipt. Limitation of
the time spent in the uncontrolled environments of the loading
dock is important to ensure that the integrity of the preparation
is maintained. This is particularly important for temperature-
sensitive items. The delivery document should be reviewed at
receiving sites to ensure that the Pharmacopeial articles have
not been subjected to any delays during shipment that could
result in exposure of the article to extremes of temperature,
or to any other extreme or undesirable conditions. In addition,
to the extent possible, the receiving personnel should ensure
that the ruggedness requirements in shipment have been
met. For Pharmacopeial articles requiring extreme caution, spe-
cial handling, or refrigerator temperature storage conditions,

Pharmacopeial Forum
Vol. 36(1) [Jan.–Feb. 2010] IN-PROCESS REVISION 229

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



those who supply the articles (e.g., wholesalers and manufac-
turers) and delivery contractors should provide documented
evidence to show that the required temperature range has
been maintained during transportation. In the event that a de-
viation from the required temperature range has been observed
during shipment of an article requiring such a shipping condi-
tion, the supplier or delivery contractors should document the
temperature and the length of time the compendial article was
not within the designated storage temperature. The pharma-
ceutical manufacturer may be contacted to determine the sig-
nificance of unusual variances.

Distribution or Shipping Vehicles

Vehicles used for shipping or distribution of Pharmacopeial
articles designated for storage at controlled room temperature
should be suitably equipped to ensure that the temperature ex-
cursions encountered are within those allowed under the defi-
nition of controlled room temperature. Steps should be taken
so that extremes of temperature, whether above or below the
specified temperatures, should not be encountered during de-
livery procedures.

Vehicle Qualification

Where practical, suitable monitoring devices, as determined
by the manufacturer and vehicle supplier, should be placed in
different areas of the truck to establish a temperature profile of
the truck over a 24-hour period during a hot summer day, av-
erage high, and a cold winter day, average low, and during a
normal or typical day. The derived temperature of the different
parts of the truck may be used to determine the location on the
truck where Pharmacopeial articles can be stored appropriately
during shipping (see Monitoring Devices—Time, Temperature,
and Humidity h1118i).

Pharmaceutical Delivery Staff

As part of the contractual agreement between the delivery
contractors and the manufacturers, the delivery staff should re-
ceive appropriate training to ensure that they are aware of the
correct procedures to follow in maintaining products at the cor-
rect temperature. There may be written procedures that should
be documented. In addition, the transportation personnel
should have proper knowledge of the temperature profile of
the vehicle to ensure proper placement of the Pharmacopeial
articles in the vehicle. Pharmacopeial articles requiring special
handling (e.g., refrigeration) or environmentally sensitive pre-
parations should be transported in a suitably equipped vehicle
to ensure that the articles are maintained at the correct temper-
ature during distribution, shipping, and delivery and up to the
point of receipt. Special arrangements should be made to in-
form receiving personnel, pharmacists, or other appropriate
customers that the package includes articles with special stor-
age and handling specifications and are to be transferred im-
mediately to the appropriate storage locat ion. The
manufacturer, shipper, or delivery agency should provide ap-
propriate evidence to show that the required temperature has
been maintained throughout shipment and distribution.

SHIPMENT FROM MANUFACTURER
TO WHOLESALER

Wholesaler

The wholesaler receiving the pharmaceutical articles should
ensure that on arrival, the pharmaceutical articles are transfer-
red to the correct environment without delay, as directed by
the manufacturer, ideally within 2 hours of receipt. The whole-
saler should examine the delivery documentation to ensure that
the products have not been subjected to any delays during

shipping and distribution that could result in products being
exposed to extreme temperatures (see also the previous sec-
tion, Pharmaceutical Delivery Staff, for staff expectations). The
vehicles used for shipping of Pharmacopeial articles to the
wholesaler, especially products requiring storage at low tem-
peratures, should be suitably equipped to ensure that products
are maintained at the correct temperature during shipping and
distribution and up to the point of receipt. The receiving whole-
saler staff should be informed that the articles are transferred to
appropriate storage locations without delays. The vehicles used
for shipping of Pharmacopeial articles requiring storage at
room or controlled room temperatures should be suitably
equipped to ensure that extremes of temperature, either above
or below the specified temperature, do not occur during deliv-
ery procedures. Warehouse staff may receive appropriate train-
ing to ensure that the correct procedures are followed to
maintain required temperature conditions (see Pharmaceutical
Delivery Staff). Where necessary, a monitoring device for tem-
perature and/or humidity should be used during shipping
and distribution.

Compromised Temperature Conditions

A procedure should be in place in the warehouse to define
the action that should be taken in the event of deviation from
required storage conditions. Suitable records should be main-
tained to explain the reason for deviation and the resulting ac-
tion that is taken. The product in question should then be
placed in a quarantine status. Advice on the suitability of the
product for use should be sought from the manufacturer or
supplier of the product. The manufacturer’s response should
be documented prior to issuing the product to the customer,
if that product is to be issued to the customer.

SHIPMENT FROM MANUFACTURER OR
WHOLESALER TO PHARMACY

Pharmacy

The pharmacy receiving the pharmaceutical articles should
ensure that on arrival, the pharmaceutical articles are transfer-
red to the correct environment without delay, as directed by
the manufacturer, ideally within 2 hours of receipt. The phar-
macy personnel should examine the delivery documentation
to ensure that the products have not been subjected to any de-
lays during shipping and distribution, which could result in the
products being exposed to extreme temperatures (see also the
section, Pharmaceutical Delivery Staff, for staff expectations).
The vehicles used for shipping of Pharmacopeial articles to
the pharmacy, especially products requiring storage at low tem-
peratures, should be suitably equipped to ensure that products
are maintained at the correct temperature during shipping and
distribution and up to the point of receipt. Receiving pharmacy
staff should be informed that the articles are to be transferred to
appropriate storage without delays. The vehicles used for ship-
ping of Pharmacopeial articles requiring storage at room or
controlled room temperatures should be suitably equipped to
ensure that extremes of temperature, either above or below the
specified temperature, do not occur during delivery proce-
dures. Pharmacy staff may receive appropriate training to en-
sure that the correct procedures are followed to maintain
required temperature conditions (see Pharmaceutical Delivery
Staff). Where necessary, a monitoring device for temperature
and/or humidity may be used during shipping and distribution.

Compromised Temperature Conditions

The pharmacy should maintain appropriate procedures to
define action that should be taken in the event of deviation
from the required storage conditions. Suitable records should
be maintained to explain the reason for deviation and the re-
sulting action taken (including whether the product is issued
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to the patient or customer). Advice on the suitability of the pro-
duct for use as an acceptable drug article should be sought
from the manufacturer or supplier of the product.

SHIPMENT FROM PHARMACY TO PATIENT OR
CUSTOMER

The pharmacy should provide an appropriate label on the
package sent through air or surface routes so that the deliverer
does not place the package in a mailbox exposed to extremes in
temperature. In the event that no one is available to receive the
package, the deliverer should return the package to the post
office or service office, and store it in a cool or air-conditioned
area until the patient can receive the medication. In the event
that the package has not been delivered for more than 2 days,
the package may be returned to the pharmacy. For tempera-
ture-sensitive articles, it is important that proper arrangements
be made to protect the drug from exposure to high tempera-
tures, or in some cases, from freezing conditions. Such arrange-
ments may include the following: insulating the packaging, or
packaging with coolant included; overnight shipping; and pre-
arranged pick-up. In such cases, the pharmacy should provide
on the external package a statement of an acceptable period of
delay for delivery. The patient or customer should examine the
delivery documentation to ensure that the package has not
been subjected to any unacceptable delays during shipping
and distribution. The patient or customer receiving the phar-
maceutical articles, either by mail, delivery vehicle from the
pharmacy, or directly from the physician or pharmacy, should
be advised that upon receipt the articles are to be transferred to
appropriate storage conditions without delay, as directed by
the pharmacy, ideally within 2 hours of receipt. The vehicle
used for air or surface shipping and distribution of pharmaceu-
tical packages to the patient or customer, especially those re-
quiring low temperatures, should contain the article suitably
packaged in containers that maintain the desired storage con-
ditions until the article reaches the patient or customer. The ve-
hicles used for shipping and distribution of pharmaceutical
articles to patient or customer, especially those requiring stor-
age at room or controlled room temperatures, should be suita-
bly equipped during extreme temperature conditions such that
the packages are not exposed to extremes of temperature ei-
ther in winter or summer months. In the event that the vehicle
is not adequately equipped with air conditioning or heating to
protect the product, the time that the article is exposed to am-
bient conditions should be strictly limited, ideally not more
than 2 hours. Where appropriate, a monitoring device may
be used to ensure that required temperatures are maintained
until the package reaches the patient or customer. If stability
studies for the Pharmacopeial preparation indicate that it is par-
ticularly sensitive to environmental insults or if appropriate ship-
ping safeguards described in this section are not feasible, then
the preparation should be shipped by a different method
whereby environmental control can be maintained.

Compromised Temperature Conditions

There should be appropriate procedures in the pharmacy
that ships the article to the patient or customer defining the ac-
tion that should be taken in the event that a patient reports that
there has been a deviation from required storage conditions for
an article, including any environmentally sensitive preparations,
prior to the point of receipt. Advice on the suitability of the pro-
duct for use should be provided to the patient or customer after
the manufacturer or supplier’s advice has been sought by the
pharmacy. If the patient is advised to use the article, such advice
should be documented and noted appropriately by the phar-
macy. Otherwise, appropriate arrangements should be made
to promptly replace the suspect article. For mail order items,
replacement from local pharmacies may be an option to ensure
an uninterrupted supply of medication.

RETURNS OF PHARMACEUTICAL ARTICLES
FROM PATIENTS OR CUSTOMERS

The wholesaler, manufacturer, and pharmacy personnel
should evaluate the validity of the request for return, and main-
tain an auditable account of the return receipt. For products in
unopened manufacturer’s containers that have been at vari-
ance during shipment, arrangement may be made to return
the products to the manufacturer, wholesaler, or pharmacy pre-
ferably within 3 working days of receipt. The supplier may re-
quest records or written confirmation by the patient to show
that the product was stored properly while in possession of
the customer.

STORAGE OF PHYSICIAN SAMPLES HANDLED
BY SALES REPRESENTATIVES IN AUTOMOBILES

Storage of physician samples by sales representatives is regu-
lated under 21CFR 203.34(b)(4); each manufacturer or distrib-
utor is to have appropriate policies in place to ensure that
proper storage is maintained. The following suggestions may
be considered in response to this need and are of interest to
practitioners who may observe actual practices. Automobile
trunks or passenger cabins used for the storage and distribution
of physician samples should be monitored to determine the
temperature profile of the trunk or passenger cabin. Suitable
monitoring devices as determined by the sales representative
may be placed in different areas of the trunk or passenger cabin
on a hot summer and a cold winter day. Measurements should
also be made during typical 24-hour periods, and the derived
temperature should be used for calculation of the mean kinetic
temperature at which the sample is stored (see Pharmaceutical
Calculations in Prescription Compounding h1160i for examples of
MKT calculations). If the Pharmacopeial article designated for
storage requires storage at controlled room temperature, then
suitable measures should be taken to maintain the sample with-
in the allowable limits of the storage parameters. Environmen-
tally-sensitive preparations should not be stored in automobile
trunks or passenger cabins. Medications stored in automobile
trunks or passenger cabins should be removed at the end of
3 days. Sales representatives should consider parking automo-
biles in shaded areas to avoid extreme heat during the summer
and in garages to avoid freezing temperatures during the win-
ter. The use of vouchers from the manufacturer that patients
could use to obtain medication samples from participating
pharmacies is an alternative way of providing drug samples.

STABILITY, STORAGE, AND LABELING

The design of stability studies of Pharmacopeial articles is
based on knowledge of the behavior, properties, and stability
of the drug substance and experience gained from clinical for-
mulation studies.1 The length of the studies and the storage
conditions for a Pharmacopeial article should be sufficient to
cover storage, shipment, distribution, and subsequent use of
a Pharmacopeial article. The data gathered from ICH accelerat-
ed testing or from testing at an ICH intermediate condition may
be used to evaluate the effect of short-term excursions outside
the label storage conditions such as those that might occur dur-
ing shipping. See Pharmaceutical Stability h1150i.

STATEMENTS/LABELING OF THE IMMEDIATE
CONTAINERS OR PACKAGE INSERT

Storage statements should be based on the stability evalua-
tions of the Pharmacopeial drug substances and in accordance
with national and international requirements.

1 See International Conference on Harmonization EWG Q1 A&B; see
also FDA Guidance for Industry: Stability Testing of Drug Substances and
Drug Products (www.fda.gov).
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Room Temperature Storage Statements—For products
with a storage statement reading, ‘‘Store at controlled room
temperature,’’ the labeling should read as follows on the pack-
age insert: ‘‘Store at 208C to 258C (688F to 778F), excursions
permitted between 158C and 308C (between 598F and 868F).
Brief exposure to temperatures up to 408C (1048F) may be tol-
erated provided the mean kinetic temperature does not exceed
258C (778F); however, such exposure should be minimized.’’

On the immediate container label, the following may read for
controlled room temperature (CRT): ‘‘Store at 208C to 258C
(688F to 778F), excursions permitted between 158C and 308C
(between 598F and 868F).’’

Cool Storage Statement—The storage statement for la-
beling may be as follows: ‘‘Store in a cool place, 88C to 158C
(468F to 598F).’’

Refrigerator Storage Statement—The storage state-
ment for labeling may be as follows: ‘‘Store in a refrigerator,
28C to 88C (368F to 468F).’’

Freezer Storage Statement—The storage statement for
labeling may be as follows: ‘‘Store in a freezer, –258C to –
108C (–138F to 148F).’’

See the General Notices for all other applicable storage condi-
tions, such as Storage Under Nonspecific Conditions and store in a
Dry Place. Additional cautionary statements to protect the Phar-
macopeial drug product from extreme temperature and hu-
midity conditions may be included on the container label and
package insert, as the manufacturer desires.

~PURPOSE

This general information chapter describes good stor-

age and transportation practices that help ensure that

drug products (medicines) reach the end user (practi-

tioners and patients/consumers) with drug product qual-

ity intact. In the context of this chapter, the definitions in

the next section are used.

DEFINITIONS

Container-closure system—The sum of packaging

components that contain and protect the dosage

form. This includes primary and secondary packag-

ing components if the latter are intended to provide

additional protection to the drug product.

Documentation—Recorded information.

Drug products—Medicines, including human and

veterinary prescription medications, clinical trial ma-

terials, and OTC products.

End user—The patient as well as the practitioner ad-

ministering the drug product to the patient.

Environmental management system (EMS) is a section

of the quality management system (QMS; see below)

that covers environmental controls. It includes the

following: organization structure; roles and responsi-

bilities; standard operating procedures (SOPs); cor-

porate policies and standards; and processes for

developing and maintaining an environmental pro-

gram.

Environmentally sensitive drug products—Pharmaceu-

tical or biological products that must be at controlled

room temperature, refrigerated, or frozen. This defi-

nition ultimately includes every drug product manu-

factured.

Quality—The physical, chemical, microbiological, bi-

ological, bioavailability, and stability attributes that a

drug product should maintain in order to be deemed

suitable for therapeutic or diagnostic use. In this

chapter the term is also understood to convey the

properties of safety, identity, strength, quality, and

purity. [See 21 CFR 211.94(a).]

Quality management system (QMS)—A set of policies,

processes, and procedures that make possible the

identification, measurement, control, and improve-

ment of the distribution and storage of drug prod-

ucts.

Storage management system (SMS)—A program to

improve the control of the storage of drug products.

Transportation—The movement of drug products in

interstate or international commerce, shipping, and

distribution.

Transportation management system (TMS)—A pro-

gram to improve the movement of drug products

by better and more efficient use of the existing trans-

portation system.
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Transportation vehicles—Vehicles for the supply

chain, such as semitrailer trucks, vans, emergency

medical service vehicles, industry representatives’

automobiles, trains, airplanes, sea vessels, and mail

delivery vehicles.

SCOPE

This chapter may be useful to all organizations and in-

dividuals involved in any aspect of the storage and trans-

portation of drug products, including but not limited to

the following:

� Manufacturers of legally marketed drug products for

human and veterinary use where manufacturing

may involve operations at the application holder’s fa-

cilities (i.e., facilities that belong to the holder of an

FDA-approved New Drug Application [NDA] or Ab-

breviated New Drug Application [ANDA]) or that be-

long to a contractor of the application holder

� Packaging operations by the manufacturer or a des-

ignated contractor for the application holder

� Repackaging operations in which the drug product

may be owned by an organization other than the pri-

mary manufacturer

� Laboratory operations at the manufacturer’s or at the

contractor’s site

� Clinical trial drug products

� Physician offices

� Pharmacies, including retail, mail order, hospital,

and nursing home pharmacies

� Brokers, importers, and exporters

� Wholesale distributors

� Transportation companies involved in automobile,

rail, sea, and air services

� Third-party logistics providers, freight forwarders,

and consolidators

� Mail distributors, including the U.S. Postal Service

(USPS) and expedited shipping services

� End user locations such as patients’ homes

This chapter is not intended to address the storage and

transportation of active pharmaceutical ingredients

(APIs), excipients, radioactive products, reagents, sol-

vents, medical devices, medical gases, or clinical trial ma-

terials for which storage requirements may not yet be

defined (e.g., Phase I clinical trial drug products). How-

ever, the general principles outlined here may be useful

if applied selectively or comprehensively. This chapter

does not apply to the movement of drug products within

a facility (e.g., between hospital pharmacy and patient

floors or through use of robotic devices). The chapter

does not supersede or supplant any applicable federal

or state requirements or USP monographs. In General No-

tices and Requirements, the section Preservation, Packag-

ing, Storage, and Labeling provides definitions and

requirements for storage conditions. The terminology

pertaining to supply chain encompasses all drug prod-

ucts, including those that require special storage condi-

tions such as temperature and humidity control. This

includes refrigerated or frozen drug products, often re-

ferred to as cold chain products, as well as drug products

that are stored at room temperature or controlled room

temperature.

BACKGROUND INFORMATION

Good storage and transportation practices require that

organizations involved in the storage and/or transporta-

tion of drug products maintain a quality management

system (QMS) that includes a storage management sys-

tem (SMS) and transportation management system

(TMS). Together, the QMS and its component SMS and

TMS help ensure that proper storage and transportation

practices are in place from the point of manufacture to

the point of end use or administration. These good stor-

age and transportation practices facilitate the movement

of drug products throughout a supply chain that is con-

trolled, measured, and analyzed for continuous improve-
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ments; these practices also establish the integrity of the

chain of custody for the drug product and its ingredients

in their packaging during storage and transportation.

Distribution of drug products can follow a complex route

or supply chain (Figure 1).

Proper execution of current good storage and trans-

portation practices is necessary to ensure that drug prod-

ucts reach the end user with their critical quality

parameters intact. Good storage practices are an integral

part of the drug product life cycle and involve the appli-

cation of applicable good manufacturing practices

(GMPs). For the United States, these are stated in FDA

regulations at 21 CFR Part 211. Holding of drugs includes

storage, shipping, and distribution activities as part of

processes regulated under such current GMPs (cGMPs).

Good storage and transportation practices also involve

the application of requirements of the Prescription Drug

Marketing Act of 1987 and the ensuing regulations in 21

CFR 203 and in 21 CFR 205, which is titled Guidelines for

State Licensing of Wholesale Prescription Drug Distributors.

LABELING CONSIDERATIONS FOR DRUG

PRODUCTS

The requirements for environmental storage condi-

tions for drug products should be written on the drug

product’s primary container. If the space on the immedi-

ate container is too small, the information can be placed

on the most immediate container of appropriate size

(e.g., carton). Environmental storage conditions and/or

environmental warning statements should be evident,

securely fixed, and indelible on the outermost container

(generally the shipping container). For example, drug

product outermost containers should be labeled for spe-

cial conditions or requirements, such as Do Not Freeze or

Keep Frozen, as provided by the manufacturer. This label-

ing should be understandable and should not be subject

to interpretation.

Figure 1. Drug product supply chain
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Container labeling should be reviewed to ensure the

identification of hazardous or dangerous goods. These

drug products should be segregated and maintained

away from other products or components in order to

minimize the risk of cross-contamination. Such drug

products include products classified as dangerous goods

under the U.S. Department of Transportation, state, lo-

cal, or carrier rules, or products classified as controlled

substances by the U.S. Drug Enforcement Administration

or by individual states.

Good practices and controls for labeling should direct

the receiver about how to handle the drug product upon

receipt (e.g., avoid dropping, maintain specified environ-

mental conditions). This labeling is important for incom-

ing receipt of drug products and should be reviewed by

transportation process handlers. The drug product label-

ing may include wording or depict icons to highlight

storage and transportation handling requirements.

When a drug product’s storage conditions are not readily

available, use the storage conditions described in the

General Notices and Requirements or the applicable

monograph.

During international transport the proper language(s)

should be used to ensure that handlers understand the

requirements set forth on drug product labeling. The

use of symbols that are recognized by international or-

ganizations is advisable.

Drug products can be transported outside their labeled

storage temperatures if stability data demonstrate that

product quality is maintained when the products are

handled in accordance with the manufacturer’s shipping

requirements. The length of the stability studies and the

storage conditions for a drug product should be suffi-

cient to cover the shipment, distribution, and subse-

quent use of the drug product. The data gathered from

accelerated testing by the International Conference on

Harmonization (ICH) or from testing at an ICH interme-

diate condition may be used to evaluate the effect of

short-term excursions outside the label storage condi-

tions that might occur during storage and/or transporta-

tion (see Pharmaceutical Stability h1150i).

RESPONSIBILITIES

Accountability should be assigned to the organizations

that have responsibility for the drug product at each

point along the supply chain. In most instances the ac-

countable organization is the application holder or mar-

keter for nonapplication drug products, which bears

responsibility for recalling the drug product if, in any part

of the supply chain, it is found to be adulterated as a re-

sult of storage activities, including malfeasance such as

counterfeiting. However, all organizations along the sup-

ply chain bear responsibility for ensuring that they han-

dle drug products within adequate storage parameters

that will not affect the drug product’s identity, strength,

quality, purity, or safety.

The drug product manufacturer has responsibility for

determining the environmental requirements for drug

products. These requirements are based on testing that

generates life cycle stability profiles. These stability pro-

files should include the approved storage and transpor-

tation conditions for the shelf life of the drug product.

The shelf life profile should include transportation condi-

tions and excursions that may be allowable should they

occur. The environmental requirements should be pro-

vided to others in the transportation supply chain to car-

ry out an effective transportation management system.

QUALITY AGREEMENTS

Quality agreements, or collaborative agreements,

should be in place among organizations involved in the

drug product supply chain. The use of quality agree-

ments ensures clarity and transparency regarding the re-

sponsibilities of each organization in the supply chain.
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The supply chain should be well coordinated with re-

spect to holidays, weekends, and other forms of interrup-

tion, including customs inspections during international

shipping. This coordination can be accomplished by

written collaborative agreements with delineated re-

sponsibilities for the various organizations involved in

the supply chain. Collaborative agreements should in-

clude but are not limited to the following parties: (1)

the pharmaceutical manufacturer and wholesale distrib-

utor; (2) the manufacturer and the importer of record;

(3) the manufacturer and the freight forwarders and/or

transportation companies; and (4) the repackagers and

distributors. These agreements should reflect each or-

ganization’s responsibility for ensuring proper handling

procedures from receipt to delivery of the drug product

and should require all parties to ensure that the storage

and transportation conditions have been appropriate for

the drug product while those conditions were under

their control.

THE STORAGE MANAGEMENT SYSTEM

(SMS): PRACTICES AND CONTROLS

Storage Locations and Processes

The SMS defines three key storage locations where a

drug product may be stored in a product’s life cycle.

These locations include the following:

� Buildings and facilities for drug product storage

(e.g., warehouse, storage, or hold area; the original

manufacturer’s warehouses; contractor warehouses;

wholesale distribution warehouses; mail order or re-

tail pharmacy storage areas; and hospital or nursing

home pharmacy storage areas)

� Transportation vehicles such as semitrailer trucks,

vans, emergency medical service vehicles, industry

representatives’ automobiles, trains, aircraft, sea

craft, and mail delivery vehicles

� Pharmacy or dispensing areas, including but not lim-

ited to retail sites; clinic, hospital, and nursing home

pharmacies; and physicians’ practices

In these locations, any or all of three basic processes

can occur: receiving for storage, the act of bringing a drug

product into a facility; transferring, the moving of a drug

product internally within a facility or into or out of a ve-

hicle; and storing and holding, the act of maintaining

temporary possession of a drug product in the supply

chain process, during which possession no movement

of the product occurs.

Storage in Buildings and Facilities

Buildings and facilities used for the warehousing, stor-

age, and/or holding of drug products should permit ad-

equate airflow and temperature control. To prevent

overcrowding, which can lead to contamination, these

locations should be of adequate size for their intended

use. A building or facility should be designed to control

environmental conditions and should be made of clean-

able materials. Sanitation and pest control procedures

should be written, indicating frequency of cleaning, ma-

terials, and methods used. The pest control program

should ensure the prevention of contamination as well

as the safe use of pesticides. Records of all cleaning and

pest control activities should be maintained.

Storage should be orderly and should provide for the

segregation of approved, quarantined, rejected, re-

turned, and recalled drug products. If computerized sys-

tems are used for the control of stored drug products, the

software should be appropriately validated. Facilities

should have controls that mitigate risks such as fire, wa-

ter, and explosion. Certain drug products may cause

these risks and should be stored accordingly.

A drug product’s storage time includes not only the pe-

riod during which the drug product is held in the manu-

facturer’s storage areas, but also time spent on shipping
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dock platforms, in transportation vehicles, and in distri-

bution centers or storage areas. When products arrive

at warehouse loading docks and other arrival areas, the

products should be transferred as quickly as possible to a

designated storage environment to ensure minimal time

outside specified storage conditions. Receiving docks

should protect drug product deliveries from inclement

weather during unloading. Any storage area, including

loading and unloading docks for receipt and distribution

of drug products, should be cleanable, clean, and free

from pests.

If cold storage is needed in the receiving dock area, re-

frigerators or freezers are required, and these storage de-

vices should be well maintained and equipped with the

necessary monitors and alarms. The temporary storage

unit (e.g., refrigerator, freezer) should be frost free and

should be used as a short-term storage area when tem-

perature mapping and load configurations have not

been performed.

Incoming Receiving Area

Delivery vehicles should be examined before unload-

ing to ensure that adequate protection from contamina-

tion was maintained during transit. The results of this

examination should be documented.

The incoming receiving area should limit access to au-

thorized persons. Smoking, eating, and drinking should

not be permitted in any storage/hold areas.

Receiving and dock areas should provide an adequate

area in which containers of drug products can be cleaned

and opened for sampling. If sampling is performed in the

receiving area, it should be done in a manner that pre-

vents contamination and cross-contamination and that

ensures that environmental requirements for the drug

product are not breached.

Adequate precautions should be taken to prevent theft

and diversion of drug products. Drug products that have

been identified as counterfeit should be quarantined to

prevent further distribution. The appropriate regulatory

agencies should be contacted according to established

procedures.

Temperature mapping is not required at the receiving

dock, but it may be necessary, depending on location

and on temperature fluctuations in the incoming receiv-

ing area.

Receiving and Transferring Drug Products

Upon receipt, drug products should be quarantined

while the receiving documentation is reviewed for accep-

tance or rejection of the shipment. The quarantined drug

products should be held away from any open dock doors

and any potential for temperature fluctuation. Drug

products should be examined at the time of receipt for

container damage or possible contamination. Precau-

tions should be taken to avoid microbial contamination

or cross-contamination of other drug products during

the incoming or sampling processes. Receiving and

transferring of drug products should be carried out in a

way that prevents breakage and controls spillage. Proce-

dures should be in place to ensure proper cleanup if

breakage or spillage occurs.

The delivery documents should be reviewed to deter-

mine whether the drug products have been subjected to

any transportation delays that could have exposed the

products to undesirable conditions.

Environmental Controls

Environmental conditions such as temperature, hu-

midity, and light should be monitored in the receiving

and transferring areas. Temperature is one of the most

important conditions to control, and requirements for
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each drug product should be based on stability data.

Temperatures should be controlled and tracked with a

monitoring system, and the devices used should be in-

cluded in a preventive maintenance program. Environ-

mental monitoring devices should be routinely

calibrated at preset intervals and should provide an alert

mechanism if the preset ranges are breached.

Communication within the supply chain should be co-

ordinated to determine the proper timing for drug prod-

ucts to be transported and received, allowing for

holidays, weekends, and other forms of interruption. This

is also an important consideration for international ship-

ments in order to ensure proper storage at customs.

When international storage arrangements are required,

the proper language should be used to ensure under-

standing of the requirements set forth on drug product

labeling. For drug products that require refrigerated or

freezing storage conditions, the organization responsible

for the storage of the drug product (e.g., wholesaler,

manufacturer, repackager, delivery contractor) should

provide documented evidence that the required temper-

ature ranges were maintained or, at a minimum, should

provide detai ls i f temperature parameters were

breached.

ENVIRONMENTAL MANAGEMENT SYSTEM

This section of the QMS should cover the controls nec-

essary for developing and maintaining an adequate envi-

ronmental program. When specific environmental

storage conditions are required, buildings and transpor-

tation containers and vehicles should be equipped with

environmental recorders or other devices indicating

whether an environmentally acceptable range was pro-

perly maintained, and a continuous record kept,

throughout the supply chain.

The following practices and controls should be used

unless another process has been put in place to ensure

environmental control:

� Temperature-monitoring equipment, a monitoring

device, a temperature data logger, or other such de-

vice that is suitable for its intended purpose should

be used.

� An appropriate number of temperature monitors per

shipment, or some other form of recordation or

proof of temperature control, should be used. Tem-

perature monitor(s) should be used with every trans-

portation process unless some other process has

been put in place to ensure adequate handling

(e.g., validated containers).

� Electronic/digital temperature monitors should be

used; however, chemical temperature indicators

may be used as appropriate.

� Predetermined temperature ranges should be set for

all applicable areas and/or vehicles, and there should

be a plan of action in the event of an unacceptable

excursion.

Refrigerators and Freezers

Refrigerators used to store drug products should be re-

viewed to monitor excursions from preset limits. The re-

frigerator should provide sufficient space to permit

proper airflow. Refrigerators should be able to maintain

the required temperature limits (normally 28–88 with an

accuracy of +0.58), and monitoring should be per-

formed with minimal opening and closing. Refrigerators

should be positioned in the facility so that they are not

subjected to environmental extremes that could affect

their performance (i.e., 5108 or 4328). If this cannot

be prevented, the mapping protocol should include a

provision for testing during environmental extremes of

5108 and 4328. Large commercial refrigerators such
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as walk-in cold rooms should be monitored in more than

one location. Monitoring locations are determined by

the results of the mapping protocol.

The General Notices (10.30.10) define freezer temper-

ature as between –258 and –108; however, this tempera-

ture range may not be acceptable for some frozen drug

products. For large freezers, a temperature mapping

study should be conducted to determine the unit’s suit-

ability for storing drug products. A suitable number of

temperature-recording devices should be installed, both

to record temperatures and to provide temperature

maps. Regular maintenance protocols should be in place

for freezer equipment, along with written contractual

agreements for all maintenance and evaluation proce-

dures.

Validation and Qualification

Temperature-monitoring devices can be used for vali-

dating, revalidating, and testing transportation con-

tainers and vehicles. The devices can be used for

assessments under various environmental conditions.

Single-use monitoring devices should be qualified. Stor-

age facilities themselves, because of their unpredictability

and the influence of external temperatures, cannot be

validated. Appropriate temperature monitoring, there-

fore, is necessary.

THE TRANSPORTATION MANAGEMENT SYSTEM

(TMS): PRACTICES AND CONTROLS

Receiving and Transferring Drug Products Within

a Facility or Vehicle

The drug product should not be contaminated during

the receiving or transferring process. Receiving and dock

areas should be designed and equipped to allow incom-

ing transportation containers and vehicles to be cleaned

and opened for sampling when necessary. Cleaning con-

tainers means ensuring that the area of the container to

be opened for sampling is free of visible debris so that the

opening does not contaminate the contents. Precautions

should be taken against microbial contamination or

cross-contamination of other drug products by the re-

ceived or transferred product, both upon receipt and

during the approval or rejection process. If sampling is

performed in the receiving loading dock area, personnel

should prevent contamination or cross-contamination

and should ensure that temperature requirements for

the drug product are not breached. The receiving and

transferring of drug products should be carried out in a

way that prevents breakage and controls spillage. During

sampling and transfer to storage, time outside specified

environmental conditions, such as refrigeration or frozen

storage, should be limited.

Theft, Diversion, and Counterfeiting Control

Adequate precautions should be taken to prevent theft

and diversion of drug products. These precautions in-

clude activities such as verifying the presence of and

the number associated with each transportation contain-

er or vehicle. Drug products that have been identified as

counterfeit should be quarantined to prevent further dis-

tribution. If counterfeit articles are detected, the appro-

priate regulatory agencies should be contacted

immediately. Drug product pedigrees, the complete his-

tory of the chain of custody from manufacturing to end

use, help combat diversion and counterfeiting of drug

products. Pharmaceutical manufacturers and their ship-

ping agents should be aware of and should follow the

provisions of the Prescription Drug Marketing Act of

1987 and U.S. state requirements regarding drug pro-

duct pedigrees.
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Physical Challenges

Several standard test procedures are available for eval-

uating package performance factors under shock, vibra-

tion, and other transit events. The American Society for

Testing and Materials has issued the document Standard

Practice for Performance Testing of Shipping Containers and

Systems, and the International Safe Transit Association’s

specifications have similar methods for evaluation of

shipping performance for various types of transit modes,

such as less-than-truckload, small package, rail car, and

air freight. From the manufacturer’s perspective, these

tests are helpful in evaluating the product and the pack-

age for durability and fragility.

Packaging for the Transportation Process

Pharmaceutical manufacturers should consider the

kind of packaging that best protects the drug product

while providing an environmentally favorable package.

For example, is it better to transport drug products in a

reusable shipping container that may weigh more, or in a

lighter container that is used once and then recycled?

ISO 14040, Environmental Management—Life Cycle As-

sessment—Principles and Framework provides guidance

on this issue. Insulated shipping containers are used

around the world and come in many sizes and shapes,

including ones that are pallet-sized and provide an e-

pedigree for temperature, tampering, and theft protec-

tion. These shipping containers may serve as alternatives

to larger containers when large quantities of coolants

such as dry ice may not be practical.

Transportation containers or vehicles should be select-

ed on the basis of the stability of the drug product and

the various environmental conditions to which the con-

tainer may be subjected, including temperature ex-

tremes. The transportation container or vehicle should

be chosen on the basis of the stability of the drug prod-

uct, with the knowledge of the amount of excursion time

allowed before the drug product suffers significant loss of

quality. This should include a cumulative time assessment

after the manufacture of the drug product until the prod-

uct is administered. The manufacturer should be pre-

pared to share this information as needed with any

organization in the supply chain that may question an

excursion event. Manufacturers may provide a risk as-

sessment based on temperature excursion data and ap-

propriate product stability data, and they should

consider this information when addressing reported

temperature excursions. Airflow and load patterns

should be determined in order to ensure that all areas

of the transportation container or vehicle are suitable

for product storage.

Transportation container or vehicle materials such as

warm/cold packs and materials used to control temper-

ature conditions should be preconditioned before use.

The type, size, location, and number of packs employed

should be based on documented studies of the duration

and temperature of the transportation process. Barrier

protection may be important in helping determine the

position of materials such as gel packs in order to avoid

direct contact with the drug product. Dry ice studies

should be performed to ensure that the dry ice and its

vapors do not adversely affect the drug product, includ-

ing drug product labeling.

Validation and Thermal Performance

Qualification

Operational and performance shipping studies should

be part of a formal qualification protocol that may use

controlled environments or actual field testing, depend-

ing on the projected transportation channel. These

studies should reflect actual load configurations, condi-

tions, and expected environmental extremes. Testing

should be performed on both active and passive thermal

packaging systems. Thermocouple probes and separate
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temperature data loggers can measure temperatures

within the product load to determine the response of

the package to the test conditions. Temperature and hu-

midity monitors should be placed in or around the pro-

duct. Testing consists of consecutive replicate field

transportation tests using typical loads, modes of trans-

port, and shipping lanes according to an established pro-

tocol. If temperature monitoring will be performed

during the performance qualification or will be per-

formed during the operational qualification of a facility

storage container, the pharmaceutical manufacturer

should determine the correlation between the drug pro-

duct temperature and the temperature read by the tem-

perature monitor. Replicate testing of the configuration

should be based on qualification protocols and can be

used to create a final qualification report.

A transportation container or vehicle or a transport

packaging system, as well as the transport process,

may be qualified in accordance with current good trans-

portation practices, thereby providing assurance of envi-

ronmental control without other temperature monitors.

The proper load configuration will help ensure that the

drug product remains stable through the transportation

supply chain. The validation or qualification program for

a vehicle or storage area should represent the environ-

mental extremes that the drug product may undergo.

There are tools that may be used for validation assess-

ments. Hazard analysis and critical control point analysis

should be part of the validation process. The Parenteral

Drug Association Technical Report #39 (revised 2007),

Guidance for Temperature-Controlled Medicinal Products:

Maintaining the Quality of Temperature-Sensitive Medicinal

Products through the Transportation Environment, summa-

rizes how a cold chain process can be validated and

should also be considered during the development of a

TMS.

Temperature Mapping in the TMS

The following factors, some of which may give rise to

extreme temperatures, should be considered during the

process of temperature mapping:

� Size of the space

� Location of space heaters and/or air conditioners

� Sun-facing walls

� Low ceilings or roofs

� Geographic location of the area being mapped

Temperature mapping for transportation containers or

vehicles already in use should be done at known times of

external temperature extremes (e.g., for a period of not

less than 24 h when air temperatures are higher than 258

or less than 158). Mapping should be done in the ex-

treme seasons (e.g., summer and winter); and it should

be done when the transportation containers or vehicles

are both empty and full and when they are both active

and inactive (e.g., when doors to the outside are both

opening and closing).

The process should also demonstrate, in the event of a

power failure, the time taken for temperatures to exceed

the maximum temperature. Qualification should consid-

er thermal fluctuations that occur during stock replenish-

ment or removal. The results of the qualification should

demonstrate the ability of the equipment to maintain the

required temperature range in all areas. The results

should also define any zones that should not be used

for storage, such as areas in close proximity to cooling

coils, cold air streams from equipment ventilation, and

doors. Thermal monitoring should establish that the sys-

tem is rugged because its temperature map is consistent

and reliable. The system should have the capability of

alerting personnel if control is compromised.

Vehicles used during transportation of drug products

should be mapped to determine the temperature fluctu-

ations that occur during a 24-h period during the appro-

priate seasons.
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After environmental monitoring mapping is complet-

ed and tolerances are determined, any deviation should

be recorded and reviewed for acceptance or rejection of

the drug product. Drug products should not be stored in

risk areas identified by the environmental mapping re-

sults. In addition, products should not be stored in trans-

portation containers or vehicles that interfere with the

airflow in refrigeration units, or near chillers, in order to

prevent the buildup of condensate inside the refrigerator

unit.

Temperature monitoring devices can be used for vali-

dating, revalidating, and testing the design of transpor-

tation containers for use in various transportation routes

and vehicles. The devices can be used for assessments

under various environmental conditions. Single-use

monitoring devices should be qualified (a one-time veri-

fication).

Excursions

The mapping process will help determine when excur-

sions could occur and are useful when pharmaceutical

manufacturers develop a plan for dealing with them.

The mapping should occur during the height of business

activity and at inactive times when there may be little

drug product being stored. Alarms should be used to re-

veal environmental excursions. Temperature records

should be examined according to the approved protocol

for the mapping process. The temperature map report

should provide recommendations for the use of each ar-

ea and the identification of any areas that are found un-

suitable for the transportation of drug products. It should

include a determination of the minimum and maximum

allowable temperatures and the time allowed out of

these tolerances. The generator backup power supply

should be validated.

Transportation Vehicles

The vehicle in which drug products are transported

should be mapped to determine the appropriate place-

ment of temperature-recording devices and airflow. Fol-

lowing are recommended practices and controls for

vehicles that receive and transfer drug products:

� Transportation containers or vehicles and equipment

used to store and transport drug products should be

suitable for their intended function.

� Procedures should be established that describe how

to operate, clean, and maintain transportation con-

tainers or vehicles and equipment used in the stor-

age and transportation of drug products.

� Transportation containers or vehicles should be de-

signed to prevent damage to the drug product,

and pharmaceutical manufacturers should specify

how drug products are handled when equipment

malfunctions.

� When drug product must be moved from one trans-

portation container or vehicle into another, the

proper load configuration should be followed.

� It should be understood how to communicate with

the necessary entities when such transfer occurs.

� Subcontracted vehicles should be considered in con-

tractual agreements and audits, and documentation

should be maintained for their use.

When nondedicated transportation containers or vehi-

cles and equipment are used, they should be designed to

minimize the risk of contamination to the product being

handled—for example, transportation containers or ve-

hicles and equipment can be designed to minimize the

risk of contamination. If environmental mapping of such

vehicles is not performed, some other means of control

should be in place to ensure that the drug product is ade-

quately protected. Mapping may not be necessary if the

shipper uses a transportation container that is properly

insulated and that has been qualified for the duration

of the transportation process. When temperature map-
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ping is necessary, it should begin with an inspection of

the equipment and/or the vehicle and should be reeval-

uated as appropriate. For refrigerator and freezer tem-

peratures, more frequent environmental mapping,

based on the recommendations of the transportation

provider, should be considered. Environmental mapping

should also be performed after any significant modifica-

tion to the transportation system that could affect drug

product temperature.

Emergency Medical Service Vehicles,

Automobiles, and Vans

Road vehicles used to transport drug products (e.g.,

ambulances and other emergency response vehicles,

vans, or automobiles, including those used by sales re-

presentatives to transport physicians’ samples) should

be suitable for their purpose. Monitoring devices should

be placed in different areas of the trunk or cabin during

yearly extremes (e.g., summer and winter). The monitor

should be secured so that it is immobile, and there

should be no ambiguity about its exact position within

the payload so that the monitor is always placed in the

same position. Suitable measures should be taken to

maintain the drug product within the allowable limits

of the labeled storage requirements. Storage of physician

drug product samples by sales representatives is regulat-

ed under 21 CFR Part 203.34(b)(4).

Air/Sea/Rail/Semitrailer Transportation

Vehicles used for air/sea/ground transportation should

hold the drug product at the desired storage conditions

until it reaches the end user or receiver. Whether drug

products require ambient temperature, controlled room

temperature, or cold chain conditions, pharmaceutical

manufacturers should consider temperature variations

in transportation containers at ramp staging areas (air-

port tarmacs or water vessel staging areas); in the hold

of the aircraft or sea vessels; and in rail or semitrailer con-

tainment areas. Airflow and load patterns should be con-

sidered to optimize temperature in all settings of the

transportation pathway. Temperature sensors or moni-

tors should be used as appropriate in transportation

modes, including but not limited to aircraft, sea craft, rail

cars, and semitrailer trucks. Supply chain organizations

such as the International Air Transport Association (IATA)

have considered the handling of drug products in aircraft

and have documented these considerations in texts such

as Perishable Cargo Regulations, Chapter 17, ‘‘Air Trans-

port Logistics for Time and Temperature Sensitive Health-

care Products’’. Because of the requirement for 100%

inspection of cargo transported on passenger-carrying

aircraft arriving at or departing from airports in the Unit-

ed States, pharmaceutical manufacturers should consid-

e r bo th l ab e l ed s t o r ag e c ond i t i on s and the

instrumentation used to measure these conditions.

Transportation from the Pharmacy to the End

User

A pharmacy that distributes drug products by mail

should provide an appropriate label on packages so that

the deliverer does not place the package in a mailbox ex-

posed to temperature extremes. Delivery staff should be

trained about how drug products should be delivered to

end user locations. If no one is available to receive the

drug product package, the deliverer should return the

package to the mailing office and store it in appropriate

environmental conditions, as noted on the outer con-

tainer for the drug product, until the final disposition of

the drug product. If the package cannot be delivered, it

should be returned to the mailing pharmacy. If the drug

product was not stored according to the labeled storage

requirements, the delivery staff should notify the recipi-

ent of the drug package. For environmentally sensitive
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drug products, proper arrangements should be made to

protect the drug from exposure to extreme environmen-

tal conditions.

End User or Receiver

The end user or receiver should examine the delivery

documentation to ensure that the package has not been

subjected to any unacceptable delays during shipping

and distribution. The end user or receiver should be ad-

vised that upon receipt, the drug product should be

transferred to appropriate storage conditions without

delay. Pharmacists and physicians should educate pa-

tients about proper storage of drug products to ensure

that adequate control is maintained if the drug is trans-

ported from one location to another.

Oversight and Auditing of Suppliers in the TMS

Pharmaceutical manufacturers should ensure that sup-

pliers of drug product transportation are monitored. The

auditing of transportation firms should be carried out

routinely to ensure adequate product handling. The

manufacturer’s change control system should capture

and evaluate changes in logistic factors such as ware-

house or receiving areas and vehicle changes.

GOOD DOCUMENTATION PRACTICES

Good documentation practices and controls are critical

to the SMS and the TMS. This documentation includes

standard operating procedures and corporate policies

and standards, as well as protocols and other written

documents that delineate the elements of the SMS and

TMS. The documentation serves as the foundation for

the QMS program. The SMS and TMS programs should

describe events and actions that must be documented,

as well as the proper verbiage to be used, the copies re-

quired, and any other items that will ensure adequate

processing of the drug product and prevent delays.

Procedures and Documents

Written procedures should ensure that drug products

are held in accordance with their labeling instructions

and associated regulatory requirements. These proce-

dures should include, for example, how products are

handled when equipment malfunctions, or when there

are delays in transportation due to customs hold or tem-

perature deviations; how and when a product should be

moved from one transportation container or vehicle into

another; and how communication should be made to

the necessary parties.

Maintenance and Qualification Documents

Regular maintenance protocols should be in place for

refrigeration and freezing equipment. Written contractu-

al agreements should address appropriate maintenance

and evaluation procedures related to the SMS or the

TMS. The calibration and functioning of all tempera-

ture-recording and -monitoring devices, including

alarms and associated equipment, should be checked

routinely in a preventive maintenance program or as re-

commended by the manufacturer of the device. A cali-

bration procedure should be in place to describe the

processes, their intervals, and the actions to be taken if

calibration fails. A written procedure should detail how

to handle the extremes in environmental requirements

in the event of a power failure. Environmental monitor-

ing devices should be routinely calibrated at preset inter-

vals and should provide an alert when preset ranges are

breached.

Written procedures should specify maintenance of

buildings, facilities, and vehicles used to store and trans-

port drug products. Limited-access areas should be de-
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fined in written procedures. Sanitation control proce-

dures should indicate the frequency of cleaning and

methods used, and sanitation control records should

be retained. Pest control procedures should indicate fre-

quency of cleaning and methods used, and records of

these too should be retained.

Risk Management System

A written risk management system (RMS) should pro-

vide the tools for determining how to handle tempera-

ture excursions. RMS strategies should ensure that each

organization’s best interests lie in proper practices, con-

trols, and procedures, including but not limited to the

following:

� The nature of the drug products

� Transportation requirements on the readable con-

tainer labeling

� Exposure to adverse environmental conditions

� Number of stages/receipts in the supply chain

� Manufacturer’s written instructions

� Drugs at risk from freezing (vaccines, insulin, and bi-

ological products) or elevated temperatures (fatty-

based suppositories, vaccines, insulin, and biological

products)

Examples of risks that should be assessed include the

following:

� Vibration that can cause aggregation of some drug

products such as proteins and peptide-based drugs

� Temperature excursions that may lead to phase

changes (melting or freezing)

� Loss of container–closure integrity in transit that

could cause glass fractures in sterile drug product

containers or cracks in the release-controlling poly-

mer layer of modified-release solid oral dosage form

� Ingress of water or oxygen that could lead to an in-

crease in degradation products

Investigation Documentation

The SMS and the TMS, as part of the QMS, should re-

quire monitoring of processes to demonstrate that a

state of control has been maintained. If deviations occur,

a nonconformance should be documented, and an in-

vestigation should be performed as appropriate. The in-

vestigative process should determine the root cause(s) of

the deviation. For example, it should be determined

whether the drug product experienced stress, damage,

delays, or environmental lapses or whether there were er-

rors in documentation. The associated supply-chain

quality assurance staff should have final responsibility

for approving or rejecting the investigation. The investi-

gation process should be linked to the risk management

program to ensure that proper mitigation occurs and

that preventive measures are put in place.

For example, a written investigation should be per-

formed if the receiving and/or transferring processes re-

sult in a drug product’s being subjected to unacceptable

temperature conditions or contamination (e.g., pests,

microorganisms, moisture). Document any environmen-

tal breach, and determine the length of time the drug

product was not within the designated storage require-

ments. This information should be forwarded to the ap-

propriate organization responsible for the drug product.

The drug product should be quarantined, and final dis-

position should be based on good science with appropri-

ate evidence to justify the decision(s).

Regulatory Action

Manufacturers should develop written procedures to

address regulatory actions such as recalls and/or field

alerts.
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Other Good Documentation Practices

Pharmaceutical manufacturers should develop written

procedures for security records that confirm container–

closure integrity (e.g., security seals, narcotic controls,

or radio-frequency identification [RFID] tags) and for re-

turned and salvaged goods. These SOPs should address

transportation records, including but not limited to how

the drug product was handled environmentally. In addi-

tion, training should be part of the QMS and should in-

clude transportation requirements and documentation.

Staff should understand how to handle TMS breaches.

Records should be retained for purchases and sales of

drug products and should show the date of purchase or

supply; the name of the drug product and the amount;

the name and address of the supplier or consignee; and

the associated lot numbers. These records should ensure

the traceability from the manufacturer to the end user so

that the pedigree of the drug product can be followed

throughout its life cycle.

All records and documents should be maintained in ac-

cordance with a traceable records-retention program

and should be made available upon request to regulatory

agencies. These documents should be approved, signed,

and dated by the department responsible for the QMS.

CONCLUSION

The science-based objectives set forth in this chapter

apply to the storage and transportation of drug products

and are part of the life cycle management of these prod-

ucts. Because the life cycle management of a drug pro-

duct involves more than one organization along the

supply chain, all involved should ensure the quality of

the product to its point of use. The practices included

in this chapter can be likened to a joint venture between

the various organizations in the supply chain for the ben-

efit of the patient. If a change in a practice, control, and/

or procedure is desirable, all stakeholders should consid-

er it.

Equally important is to stay current and be ready to

change as new solutions evolve. Pharmaceutical scien-

tists will create new solutions for handling environmen-

tally sensitive drug products as these products are

moved to meet world needs. These new technologies

should be considered in developing strategies for good

transportation practices, controls, and procedures.
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BRIEFING

h1163i Quality Assurance in Pharmaceutical Com-
pounding, USP 32 page 684. As part of USP’s efforts to mo-
dernize and improve monographs and general chapters, the
Compounding Pharmacy Expert Committee proposes to delete
the contents in the existing chapter and replace the content
with completely new text.

(CRX: R. Schnatz.) RTS—C76269

Change to read:

h1163i QUALITY ASSURANCE IN
PHARMACEUTICAL
COMPOUNDING

INTRODUCTION

A quality assurance program is a system of steps and actions
taken to ensure the maintenance of proper standards in com-
pounded preparations. The need for a quality assurance system
is well documented in USP chapters (see Compounding Controls
under Good Compounding Practices h1075i; Quality Control and
Verification under Pharmaceutical Compounding—Nonsterile Pre-
parations h795i; and The Quality Assurance Program under Phar-
maceutical Compounding—Sterile Preparations h797i). A quality
assurance program for compounding should include at least
four separate but integrated components: (1) Standard Oper-
ating Procedures, (2) Documentation, (3) Verification, and (4)
Testing.

STANDARD OPERATING PROCEDURES

Standard Operating Procedures (SOPs) for pharmaceutical
compounding are documents that describe how to perform
routine and expected tasks in the compounding environment,
including formulation development, purchasing, compound-
ing, testing, maintenance, training, materials handling and
storage, quality assurance, labeling, beyond-use dating, clean-
ing, safety, and dispensing. SOPs are itemized instructions that
describe how a task will be performed, who will do it, why it is
done, any limits, and what to do if a deviation occurs.

SOPs must be reviewed regularly and updated as necessary.
The SOP should be specific to each device, process, and deci-
sion used in compounding. Properly maintained and imple-
mented SOPs should result in quality preparations and fewer
compounding errors.

DOCUMENTATION

The purpose of the documentation is to provide a permanent
record of all aspects of each compounding operation. Two es-
sential compounding documents, the formulation record and
the compounding record, are described in Pharmaceutical Com-
pounding—Nonsterile Preparations h795i. The compounding re-
cord is completed and reviewed for accuracy during the
compounding process for the preparation being made.

In addition, many SOPs require specific cross-referenced data
collection forms (e.g., air temperature and humidity records
and balance maintenance and calibration records). Data collec-
tion forms required by SOPs are completed during routine tasks
directed by the SOPs and may provide fill-in-the blank spaces
for data, including logbook entries, data printouts, and reports.

VERIFICATION

Verification involves assurance and documentation that a
process, procedure, or piece of equipment is functioning pro-
perly and producing the expected results. Pharmaceutical Com-
pounding—Nonsterile Preparations h795i states: ‘‘The act of
verification of a compounding procedure involves checking to
ensure that calculations, weighing and measuring, order of
mixing, and compounding techniques were appropriate and
accurately performed.’’ Verification may require outside labor-
atory testing when in-house capabilities are not adequate.
Equipment verification methods are sometimes available from
manufacturers of the specific equipment or can be developed
in-house. The responsibility for assuring that equipment perfor-
mance is verified, including work completed by contractors, re-
sides with the compounder.

TESTING OF FINISHED COMPOUNDED
PREPARATIONS

A quality assurance program should include testing of fin-
ished compounded preparations. It is important for the com-
pounder to have a basic understanding of pharmaceutical
analysis to ensure that valid results are obtained when tests
are being conducted, whether they are done in-house or out-
sourced. While it is not practical to test every compounded
preparation, it is incumbent on the compounder to know (1)
the importance of testing in the overall quality program in
the compounding facility, (2) when to test, (3) what to test,
(4) what method(s) to use, (5) how to interpret the results,
(6) the limits of the test, and (7) what to do if the preparations
listed do not meet specifications. Investigative and corrective
action should extend to other preparations that may have been
associated with the specific failure or discrepancy.

The goal in testing is to produce results as accurately, effici-
ently, and quickly as possible. Any testing method used should
have accuracy, speed, reproducibility, and specificity. No single
testing method is suited for all drugs. There are a number of
factors that determine the validity and reliability of results.

Compounding facilities have two options when testing is re-
quired. Some testing methods can easily be performed in-
house, but some may need to be outsourced to a contract la-
boratory. Relatively basic testing methods that can be conduct-
ed in-house with proper training and a modest investment in
instrumentation include weight and volumetric measurements,
pH, density/specific gravity, refractive index, and UV and visible
spectroscopy (see Weights and Balances h41i, Volumetric Appa-
ratus h31i, Prescription Balances and Volumetric Apparatus
h1176i, pH h791i, Specific Gravity h841i, Refractive Index
h831i, and Spectrophotometry and Light-Scattering h851i). Test-
ing methods often outsourced to a contract laboratory include
chromatography (high-pressure liquid chromatography
(HPLC) and gas chromatography (GC), see Chromatography
h621i), mass spectroscopy (MS) (see Mass Spectrometry
h736i), hyphenated methods (HPLC-MS and GC-MS), UV and
visible spectroscopy (see Spectrophotometry and Light-Scattering
h851i), and other sophisticated methods.

If testing is done in-house, appropriate equipment must be
obtained, verified either by the manufacturer or by the com-
pounder upon purchase, maintained, calibrated, and used pro-
perly. If testing is outsourced, the compounder needs to
determine what to outsource and how to select a laboratory,
and should develop ongoing relationships with the laboratories
chosen. Contract laboratories should follow USP general chap-
ter standards, as appropriate.

Selection of a Testing Method—One general considera-
tion in testing method selection is the type of information that
is needed, such as quantitative (potency, concentration), semi-
quantitative (where a tolerance level is involved, as in endotoxin
levels), or qualitative (presence/absence type of testing, includ-
ing substance identification, sterility). Another consideration in-
volves the physical and chemical characteristics of the analyte,
including solubility, partition coefficient, dissociation constant
(pKa), volatility, binding, and the quantity present.
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The degree of quantitative measurement and specificity must
be considered in the validation process. The typical analytical
characteristics used in method validation include accuracy, pre-
cision, specificity, detection limit, quantitation limit, linearity,
range, and ruggedness (see Validation of Compendial Procedures
h1225i). Generally, the greater the level of accuracy, precision,
or specificity required, the more sophisticated and expensive
the testing methods needed. The methods used are also gov-
erned by the types of instrumentation available and the stan-
dards available for comparison.

Pharmaceutical analysis decisions include not only method
selection but also administrative and economic factors, obtain-
ing a representative sample, storage/shipping of the sample,
sample preparation for analysis, the actual analysis, data acqui-
sition, data treatment, and interpretation.

Factors Involved in Method Selection—The testing
method selected depends upon a number of factors, including
sample requirements, sample handling/preparation/purifica-
tion requirements, type of data needed, and levels of specificity
and accuracy required.

Sampling Requirements—Prior to collecting samples for
testing, the following factors should be considered: the number
of samples needed, appropriate methods of obtaining repre-
sentative samples, the physical state of the samples (solid, liq-
uid, or gas), the type of container required for collection and
storage, and possible shipping requirements or restrictions.
Storage requirements for samples must be specified, such as
type of container, temperature, humidity, and light protection
(see General Notices and Requirements).

The effect of any substances in the formulation that may in-
terfere or alter the results must be known beforehand. When
sending a preparation to a contract laboratory, the compound-
er should provide the complete formulation so the laboratory
can quickly determine if there may be any interfering substanc-
es.

Controlled drug substances, dangerous or hazardous chem-
icals, flammable or caustic substances, and refrigerated or fro-
zen preparations require special handling during shipping.

Data Interpretation Requirements—The collection of
raw data from the testing process must be completed ac-
curately. One must ensure that appropriate and valid descrip-
tive statistics are used to analyze the data, and that the
operating parameters of the analytical instruments are well es-
tablished. Reference values, if available, should be provided
with the analytical results. A description of the analytical con-
trols used by the laboratory is important for documentation,
as well as the source of reference standards used to establish
standard curves.

Personnel Requirements and Considerations—If test-
ing is done in-house, personnel involved in this activity must
be appropriately trained and evaluated with documentation
of the training and evaluation. If testing is outsourced, the com-
pounder must be assured of the credentials, proper training,
and continuing competency activities of the personnel in the
contract laboratory. It is preferable that the contract laboratory
be registered with the Food and Drug Administration (FDA).
Also, it may be advantageous if the contract laboratory per-
forms testing for pharmaceutical companies.

Testing Methods—Testing methods can be generally divid-
ed into physical testing methods, methods that interact with
electromagnetic radiation, conductometric techniques, immu-
noassay methods, separation techniques, and others.

Classification of Analytical Methods

Physical Testing Procedures
Weight
Volumetric
Melting point
Freezing point
Boiling point
Density
Refractive index
Optical rotation (Polarimetry)
Thermal analysis
Color change
Precipitate formation
Viscosity change
Particle size

Light scattering
Zeta potential
Light obscuration
Microscopic examination

Interaction of Electromagnetic Radiation
Ultraviolet/Visible spectroscopy
Infrared spectroscopy
Fluorescence/Phosphorescence spectroscopy
Raman spectroscopy
X-ray spectroscopy
Flame emission and Atomic absorption spectroscopy
Polarimetry
Refractometry
Interferometry

Conductance Methods
pH
Ion selective electrodes
Polarography

Immunoassay
Radioimmunosassay
Enzyme Multiplied Immunoassay Technique (EMIT)
Enzyme Linked ImmunoSorbent Assay (ELISA)
Fluorescent Immunoassay (FIA)

Separation Techniques
High Performance Liquid Chromatography (HPLC)
Gas Chromatography (GC)
Thin-Layer Chromatography (TLC)
Paper Chromatography (PC)
Column Chromatography (CC)

Others
Osmolality

Microbiological Methods
Sterility Testing
Microbial Limit Testing
Endotoxin Testing
Preservative Effectiveness Testing

Nonspecific methods include melting, freezing and boiling
points, density, refractive index, polarimetry, UV/visible spec-
troscopy, and pH. Methods that are somewhat more specific
include IR spectroscopy, mass spectroscopy, ion selective elec-
trodes, immunoassay methods, and chromatographic methods
(HPLC and GC). Suggested testing methods for different dos-
age forms are shown in Table 1. It is the responsibility of the
compounder to implement a program using selected methods
for the preparations compounded in the facility.
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Table 1. Suggested Analytical Methods for Various Dosage Forms, Depending Upon the Active Drug

Dosage Form

Analytical Method

Wt Vol pH Osm RI Sp Gr MP
UV/
Vis HPLC GC IR Sterile

Endo-
toxin

Bulk substances – – + – + – + + + + + – –

Powders + – – – – – – – + + – – –

Capsules + – – – – – – – + + – – –

Tablets + – – – – – – – + + – – –

Lozenges + – – – – – – – + + – – –

Suppositories + – – – – + + – + + – – –

Sticks + – – – – + + – + + – – –

Solutions + + + + + + – + + + – – –

Suspensions + + + – – + – – + + – – –

Emulsions + + + – – + – – + + – – –

Semisolids + – – – – + + – + + – – –

Gels + + + – + + – – + + – – –

Ophthalmics + + + + + + – + + + – + –

Otics + + + + + + – + + + – – –

Nasals + + + + + + – + + + – –

Irrigations + + + + + + – + + + – + +

Inhalations + + + + + + – + + + – + +

Injections + + + + + + – + + + – + +

Steri le implant
gels

+ + + + + + – + + + – + +

Steri le implant
solids

+ + – – – – + + + + – + +

+ test required; – test not required
Microbial limits—(see Microbial Enumeration Tests h61i and Tests for Specified Microorganisms h62i)

Methods that can be routinely used for testing incoming bulk
materials, whether active or excipients, include melting, freez-
ing and boiling points, density, refractive index, UV/Visible
spectroscopy, IR spectroscopy, polarimetry, pH, and the separa-
tion methods. Final preparations may generally require a meth-
od such as HPLC or GC.

MICROBIOLOGICAL TESTING

Microbiological testing for pharmacy compounding includes
sterility, endotoxin, and microbial limit testing. Preservative ef-
fectiveness may also be considered.

Sterility Testing—Sterility tests can be conducted using
commercial kits or by developing and validating USP sterility
testing protocols, which are more detailed than the commercial
sterility-testing kits. Standards and procedures are explained in
Sterility Tests h71i.

Endotoxin Testing—Endotoxin tests can be conducted us-
ing commercially available kits or by purchasing the compo-
nents separately. Endotoxin testing endpoints can be difficult
to interpret and in-house testing should only be done after ob-
taining training and experience. See Bacterial Endotoxins Test
h85i.

Microbial Limit Testing—Microbial limit testing can be
conducted to provide an estimate of the number of viable aer-
obic microorganisms and for freedom from designated micro-
bial species. See Microbial Enumeration Tests h61i and Tests for
Specified Microorganisms h62i.

SUMMARY

A sound quality assurance program is important in a com-
pounding pharmacy. It includes detailed SOPs, documentation,
verification, and analytical and microbiological testing as ap-

propriate. Analytical and microbiological testing will no doubt
become a more important part of pharmaceutical compound-
ing as the public and regulatory agencies demand more docu-
mentation on the quality of compounded preparations.
Compounders must decide on the types of testing and degree
of testing that will be a part of their quality assurance program.
A decision must also be made on whether to do testing in-
house or outsource it to a contract laboratory. It may be prac-
tical for larger compounding facilities to have their own analyt-
ical and/or microbiological testing laboratory, analytical
chemist, or microbiologist to provide rapid turnaround of test-
ing results.

Analytical and microbiological testing should only be per-
formed by those who are trained and experienced, and who
can demonstrate validated performance of their operations.

~INTRODUCTION

A quality assurance program is a system of written pro-

cedures and scientific measurements designed to ensure

the maintenance of proper, accurate, and safe com-

pounded preparations. The need for a quality assurance

system is well documented in United States Pharmacopeia

(USP) chapters for compounded preparations (see Qual-

ity Control and Verification under Pharmaceutical Com-

pounding—Nonsterile Preparations h795i and Quality
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Assurance (QA) Program under Pharmaceutical Com-

pounding—Sterile Preparations h797i). A quality assur-

ance program for compounding should include at least

the following eight separate but integrated components:

(1) training; (2) standard operating procedures (SOPs);

(3) documentation; (4) verification; (5) testing; (6) clean-

ing and disinfecting; (7) containers, packaging, repacka-

ging, and storage; and (8) outsourcing.

For the purpose of this chapter and as defined in gen-

eral test chapter h795i, a compounding professional is

authorized by one or more jurisdictions to perform com-

pounding pursuant to a prescription or medication order

by a licensed prescriber.

The safety, quality, and efficacy and/or benefit of com-

pounded preparations depend on correct ingredients

and calculations; accurate and precise measurements;

appropriate formulation, conditions, and procedures;

and prudent pharmaceutical judgment. As a final check,

the compounder shall review each procedure in the com-

pounding process. To ensure accuracy and complete-

ness, the compounder shall observe the finished

preparation to ensure that it appears as expected and

shall investigate any discrepancies and take appropriate

corrective action before the prescription is dispensed to

the patient.

The water used in all aspects of compounding should

meet the requirements of Waters for Pharmaceutical Pur-

poses h1231i.

Radiopharmaceuticals have unique characteristics re-

quiring additional quality assurances described in Radio-

pharmaceuticals for Positron Emission Tomography—

Compounding h823i and the Radiopharmaceuticals as

CSPs section under h797i.

TRAINING

Personnel involved in nonsterile or sterile compound-

ing require additional, specific training and periodic re-

training beyond the training needed for routine

dispensing duties. A thorough quality assurance pro-

gram for compounded preparations requires documen-

tation of both training and skill competency. Training

for nonsterile compounders should meet or exceed the

standards set forth in h795i, and personnel training for

sterile preparation compounders should meet or exceed

the standards set forth in h797i.

STANDARD OPERATING PROCEDURES

SOPs for pharmaceutical compounding are documents

that describe how to perform routine and expected tasks

in the compounding environment, including but not lim-

ited to procedures involving:

� Beyond-use dating

� Chemical and physical stability

� Cleaning and disinfecting

� Compounding methods

� Dispensing

� Environmental quality and maintenance

� Equipment maintenance, calibration, and operation

� Formulation development

� Labeling

� Materials and final compounded preparation han-

dling and storage

� Measuring and weighing

� Packaging and repackaging

� Patient monitoring, complaints, and adverse event

reporting

� Patient or caregiver education and training

� Personnel cleanliness and garb

� Purchasing

� Quality assurance

� Safety

� Shipping

� Testing

� Training and retraining.
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SOPs are itemized instructions that describe when a

task will be performed, how a task will be performed,

who will perform the task, why the task is necessary,

any limitations in performing the task, and what action

to take when unacceptable deviations or discrepancies

occur.

SOPs must be reviewed regularly and updated as nec-

essary. The SOP should be specific to each device, pro-

cess, and decision used in compounding. Properly

maintained and implemented SOPs are vital to prepara-

tion quality.

DOCUMENTATION

The purpose of documentation is to provide a perma-

nent record of all aspects of compounding operations

and procedures that are described in this chapter, in

h795i, and in h797i. Information on the compounding

record should be entered as the tasks are performed. Ad-

ditionally, beyond-use dating and sterility studies, where

appropriate, should be documented by reference to:

� Stability studies published in peer-reviewed litera-

ture,

� In-house or laboratory-conducted stability and/or

sterility studies,

� National compendia, or

� An extrapolation of above based on professional

judgment.

VERIFICATION

Verification involves authoritatively signed assurance

and documentation that a process, procedure, or piece

of equipment is functioning properly and producing

the expected results. The act of verification of a com-

pounding procedure involves checking to ensure the cal-

culations, weighing and measuring, order of mixing, and

compounding techniques and equipment were appro-

priate and accurately performed. Verification may require

outside laboratory testing when in-house capabilities are

not adequate. Equipment verification methods are some-

times available from manufacturers of the specific equip-

ment or can be developed in-house. The responsibility

for assuring that equipment performance is verified, in-

cluding work completed by contractors, resides with

the compounder. The compounding facilities and equip-

ment should be of appropriate capacity and should be

designed for the compounding being performed.

The quality of ingredients should be verified upon re-

ceipt and again prior to each use. See Component Selec-

tion, Handling, and Storage under h795i.

TESTING

A quality assurance program for compounded pre-

parations should include testing during the compound-

ing process and of the fin i shed compounded

preparation, when appropriate, as described in chapters

h795i and h797i. The compounder should have a basic

understanding of pharmaceutical analysis to ensure that

valid results are obtained when tests are being conduct-

ed, whether they are done in-house or outsourced. Test-

ing every compounded preparation is neither practical

nor officially required, but compounders should conduct

visual inspections and know: (1) the importance of test-

ing in the overall quality program in the compounding

facility, (2) when to test, (3) what to test, (4) what meth-

od(s) to use, (5) how to interpret the results, (6) the limits

of the test, and (7) specific actions required when a prep-

aration does not meet specifications. Investigative and

corrective action should extend to other preparations

that may have been associated with the specific failure

or discrepancy. Testing may involve one or more quality

attributes, and each test will have one or more accept-

able procedures, usually with well-defined acceptance

criteria.
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The goal in testing is to determine accurately the ade-

quacy of the compounding process and the quality of

the preparation. Any testing procedure used should have

accuracy, speed, reproducibility, and specificity. No sin-

gle testing procedure is suitable for all drugs or prepara-

tions because a number of factors determine the validity

and reliability of results.

Compounding professionals have two options for the

testing that is required for compounded preparations or

their ingredients. Some testing methods can easily be

performed at the compounding site, but some may need

to be outsourced to a contract laboratory. Some testing

methods can be conducted in-house with proper train-

ing and a modest investment in instrumentation includ-

ing, but not l imited to, weight and volumetric

measurements, pH, density, refractive index, endotoxins,

sterility, and UV and visible spectroscopy (see Table 1 for a

list of compendial testing methods and USP chapters for

reference).

Table 1. U.S. Pharmacopeia Chapters for Selected Quality Testing Methods and Procedures

Chapter Title Chapter

General Testing

Boiling point Distilling Range h721i

Density Density of Solids h699i

Ion selective potentiometry — —

Loss on drying Loss on Drying

Pharmaceutical Calculations in Prescription Compounding

h731i

h1160i

Melting point Melting Range or Temperature h741i

Osmolality and osmolarity Pharmaceutical Calculations in Prescription Compounding

Osmolality and Osmolarity

h1160i

h785i

Particle size Powder Fineness h811i

Particulate matter in injections Particulate Matter in Injections h788i

pH pH h791i

Refractive index Refractive Index h831i

Viscosity change Viscosity h911i

Volumetric Prescription Balances and Volumetric Apparatus h1176i

Weight Prescription Balances and Volumetric Apparatus h1176i

Spectroscopy

Flame emission and atomic absorp-

tion spectroscopy

Spectrophotometry and Light-Scattering h851i

Fluorescence/phosphorescence

spectroscopy

Spectrophotometry and Light-Scattering h851i

Infrared spectroscopy Spectrophotometry and Light-Scattering h851i
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Table 1. U.S. Pharmacopeia Chapters for Selected Quality Testing Methods and Procedures (Continued)

Chapter Title Chapter

Ultraviolet/visible spectroscopy Spectrophotometry and Light-Scattering h851i

Chromatography

Column chromatography (CC) Chromatography h621i

Gas chromatography (GC) Chromatography h621i

High-performance liquid

chromatography (HPLC)

Chromatography h621i

Paper chromatography (PC) Chromatography h621i

Thin-layer chromatography (TLC) Chromatography h621i

Microbiology

Endotoxin testing Bacterial Endotoxins Test h85i

Microbial limit testing Microbiological Examination of Nonsterile Products: Microbi-

al Enumeration Tests

Microbiological Examination of Nonsterile Products: Tests for

Specified Microorganisms

h61i

h62i

Preservative effectiveness testing Antimicrobial Effectiveness Testing h51i

Sterility Sterility Tests h71i

If testing is done at the compounding site, appropriate

equipment shall be obtained and qualified either by the

manufacturer upon sale or by the compounding profes-

sional upon receipt and shall be maintained, calibrated,

and used properly. If testing is outsourced, the com-

pounding professional should determine what to out-

source, how to select a laboratory, and should develop

an ongoing relationship with the laboratories chosen.

Contract laboratories shall follow standards set forth in

USP general chapters, as appropriate, and preferably

should be registered with the U.S. Food and Drug Ad-

ministration (FDA).

Selection of a Testing Method—One general con-

sideration in testing procedure selection is the type of in-

formation needed, such as quantitative (strength,

concentration), semiquantitative (where a tolerance level

is involved, as in endotoxin levels), or qualitative (pres-

ence/absence testing, including substance identification,

sterility). Another consideration involves the physical and

chemical characteristics of the analyte, including solubil-

ity, partition coefficient, dissociation constant (pKa), vol-

atility, binding, and the quantity present. The testing

method selected also depends upon factors such as sam-

ple handling/preparation/purification requirements,

type of data needed, and levels of specificity and accura-

cy required.

The degree of quantitative measurement and specific-

ity must be considered in the verification process. The

typical analytical characteristics used in method verifica-

tion include accuracy, precision, specificity, detection

limit, quantitation limit, linearity, range, and ruggedness.

Generally, the greater the level of accuracy, precision, or
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specificity required, the more sophisticated and expen-

sive the testing methods needed. The methods used

are also governed by the types of instrumentation avail-

able and the standards available for comparison.

Pharmaceutical analysis decisions include procedure

selection, administrative factors, obtaining a representa-

tive sample (the number of preparation units selected to

adequately represent the entire formulation, e.g., 10 ran-

domly selected capsules from a preparation of 100 cap-

sules), and storage/shipping of the sample, sample

preparation for analysis, the actual analysis, data acquisi-

tion, data treatment, and interpretation.

The compounding professional is responsible for im-

plementing a program using selected testing methods

for the preparations compounded in the facility. USP

chapters on spectroscopy and chromatography methods

are referenced in Table 1. Examples of general and micro-

biological testing methods are discussed later in this

chapter. Selected testing methods for bulk substances

and various dosage forms (see Pharmaceutical Dosage

Forms h1151i) are shown in Table 2.

Sampling Requirements—Before collecting sam-

ples for testing, compounding professionals should con-

sider the following factors:

� Quantity of preparation being compounded, for a

specific prescription versus in anticipation of pre-

scriptions routinely received

� Number of samples needed

� Destructive or nondestructive testing

� Appropriate methods of obtaining representative

samples

� Physical state of the samples (solid, liquid, or gas)

� Type of container required for collection and storage

� Any special handling and shipping requirements or

restrictions (e.g., controlled drug substances, dan-

gerous or hazardous chemicals, flammable or caustic

substances, and refrigerated or frozen preparations).

Storage Requirements—Storage requirements for

samples must be specified, including type of container,

temperature, humidity, and light protection (see General

Notices and Requirements and the Containers, Packaging,

Repackaging, and Storage section in this chapter).

The effect(s) that any substance has on the compound-

ed preparation that may interfere or alter the results must

be known beforehand. When sending a preparation to a

contract laboratory, the compounder should provide the

complete formulation so that the laboratory can quickly

determine if there may be any interfering substances pre-

sent.

Data Interpretation Requirements—The collec-

tion of raw data from the testing process must be com-

pleted accurately. One must ensure that appropriate and

valid descriptive statistics (e.g., mean, standard devia-

tion) are used to analyze the data and that the operating

parameters of the analytical instruments are well-estab-

lished. Reference values, if available, should be provided

with the analytical results. A description of the analytical

controls used by the laboratory is important for docu-

mentation, as is the source of reference standards used

to establish standard curves.

Personnel Requirements and Considerations—If

testing is done in-house, personnel involved in this activ-

ity must be appropriately trained and evaluated with

documentation of the training and evaluation. If testing

is outsourced, the compounder must be assured of the

credentials, proper training, and continuing competency

activities of the personnel in the contract laboratory. It is

preferable that the contract laboratory be registered with

the FDA.
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Table 2. Selected Compendial Testing Methods for Bulk Substances and Various Dosage Forms

Bulk

Substances

and Dosage

Forms

Testing Methoda

Wt Vol pH Osm RI

Sp

Gr MP

UV/

Vis HPLC GC IR

Ster-

ile

Endo-

toxin PM

Bulk

substances

– – + – + – + + + + + – +b –

Capsules + – – – – – – – + + – – – –

Emulsions + + + – – + – – + + – – – –

Gels + + + – + + – – + + – – – –

Inhalations + + + + + + – + + + – + + –

Injections + + + + + + – + + + – + + +

Inserts + – – – – + + – + + – – –– –

Irrigations + + + + + + – + + + – + + –

Lozenges + – – – – – – – + + – – – –

Nasals + + + + + + – + + + – *c – –

Ophthalmics + + + + + + – + + + – + – +d

Otics + + + + + + – + + + – – – –

Powders + – – – – – – – + + – – – –

Semisolids + – + – – + + – + + – – – –

Solutions,

nonsterile

+ + + + + + – + + + – – – –

Sterile implant

gels

+ + + + + + – + + + – + + –

Sterile implant

solids

+ + – – – – + + + + – + + –

Sticks + – – – – + + – + + – – – –

Suppositories + – – – – + + – + + – – – –

Suspensions,

nonsterile

+ + + – – + – – + + – – – –

Tablets + – – – – – – – + + – – – –

a Wt, weight; Vol, volume; Osm, osmolality/osmolarity; RI, refractive index; Sp Gr, specific gravity; MP, melting point; UV/Vis, ul-
traviolet/visible spectroscopy; HPLC, high-performance liquid chromatography; GC, gas chromatography; IR, infrared spectrosco-
py; PM, particulate matter; +, test applicable; –, test not applicable.
b Endotoxin testing may be needed for bulk substances used in compounding some sterile preparations.
c *, microbial limits (see Microbiological Examination of Nonsterile Products: Acceptance Criteria for Pharmaceutical Preparations and
Substances for Pharmaceutical Use h1111i and Pharmaceutical Compounding—Sterile Preparations h797i).
d Solutions only, not suspensions or ointments.
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PHYSICAL TESTING OF DOSAGE UNITS

[NOTE—In this section the terms ‘‘unit’’ and ‘‘dosage u-

nit’’ are synonymous.] To ensure the consistency of dos-

age units, each unit in a batch should have a uniform

weight within a narrow range. Dosage units are defined

as dosage forms containing a single dose or a part of a

dose in each unit. If multidose units are compounded

in a batch formulation, the total number of units should

not deviate outside of +10% of the theoretical number

of units.

WEIGHT AND VOLUME ASSESSMENT

First, zero or tare the balance. During the compound-

ing process intermediate weighing may be necessary to

ensure that all substances have been included and

weighed accurately.

At the end of the compounding process, for the dos-

age form and quantity designated, take care to preserve

the integrity of each dosage unit during the following as-

sessment procedures. Assume the concentration (weight

of drug substance per weight of dosage unit) is uniform.

Hard Capsules—

� Zero or tare balance with an empty capsule.

� Accurately weigh each individual filled capsule from

a representative sample of the finished batch (for ex-

ample, a minimum of 5% of total capsules or 10 in-

dividual capsules, whichever is less) and record the

weight of each finished capsule on the compound-

ing record.

� Calculate the theoretical weight of a finished capsu-

le’s contents.

� Compare the actual content weight of each finished

capsule in the representative sample with the theo-

retical weight of a finished capsule’s contents.

� Determine if there is a deviation outside +10% with

any weight of a finished capsule’s contents and the

theoretical weight of a finished capsule, and if so,

— Review the compounding record to ensure no

steps were omitted.

— Repeat with a larger representative sample of the

finished batch (10% of total capsules or 20 indi-

vidual capsules, whichever is less). Do not mix

with the first batch tested.

� If a deviation outside of +10% is discovered in the

second representative sample, then destroy the

batch.

Other Solids (Including Tablets, Suppositories,

Inserts, and Lozenges)—

� Accurately weigh each individual dosage unit from a

representative sample of the finished batch (for ex-

ample, a minimum of 5% of total tablets or 10 indi-

vidual tablets, whichever is less) and record the

weight of each dosage unit on the compounding re-

cord.

� Calculate the theoretical weight of the dosage unit.

� Compare the actual weight of each dosage unit in

the representative sample with the theoretical

weight of a dosage unit.

� Determine if there is a deviation outside +10% with

any weight of a finished dosage unit and the theoret-

ical weight of a finished dosage unit, and if so,

— Review the compounding record to ensure no

steps were omitted.

— Repeat with a larger representative sample of the

finished batch (10% of total tablets or 20 indi-

vidual tablets, whichever is less). Do not mix with

the first batch tested.

� If a deviation outside of +10% is discovered in the

second representative sample, then destroy the

batch.
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Semi-Solids (Including Creams, Gels, and Oint-

ments)—

� Accurately weigh an empty container and record the

weight on the compounding record.

� Fill an empty container with the final compounded

preparation.

� Calculate the theoretical weight of the compounded

preparation.

� Weigh the filled container.

� Determine if there is a deviation outside of +10%,

and if so, review the compounding record to ensure

no steps were omitted. If the deviation cannot be ex-

plained, destroy the batch and prepare a new one.

Additional Quality Assurance Checks Before Packaging

Semi-Solids—

— Visually inspect the preparation for foreign mate-

rials and expected appearance.

— Measure pH, when applicable.

MICROBIOLOGICAL TESTING

Microbiological testing for pharmacy compounding

includes sterility, endotoxin, preservative effectiveness

testing, and microbial limit testing (see h797i).

Sterility Testing—Sterility tests can be conducted

using commercial kits or by developing and verifying

USP sterility testing protocols. Standards and procedures

are explained in Sterility Tests h71i.

Endotoxin Testing—Endotoxin tests can be con-

ducted using commercial kits or by purchasing the com-

ponents separately. Endotoxin testing may be performed

in-house with appropriate training and experience. See

Bacterial Endotoxins Test h85i.

Preservative Effectiveness Testing—Preservative

effectiveness testing can be conducted when preparing

a frequently compounded formulation that contains a

preservative and must support a beyond-use-date

(BUD). See Antimicrobial Effectiveness Testing h51i.

Microbial Limit Testing—Microbial limit testing can

be conducted to provide an estimate of the number of

viable aerobic microorganisms or to demonstrate free-

dom from designated microbial species. See h51i.

CLEANING AND DISINFECTING

See h795i, h797i, and Disinfectants and Antiseptics

h1072i.

CONTAINERS, PACKAGING, REPACKAGING, AND

STORAGE

For storage, packaging, and repackaging of com-

pounded preparations and repackaging of manufac-

tured products (when defined as compounding in

USP), refer to USP General Notices and Requirements and

the following general chapters:

� Containers—Glass h660i

� Containers—Plastic h661i

� Elastomeric Closures for Injections h381i

� Good Packaging Practices h1177i

� Good Repackaging Practices h1178i

� Good Storage and Shipping Practices h1079i

� Injections h1i

� Packaging Practice—Repackaging a Single Solid Oral

Drug Product into a Unit-Dose Container h1146i

� Packaging—Unit-of-Use h1136i

� Pharmaceutical Dosage Forms h1151i

� Pharmaceutical Stability h1150i

� Repackaging into Single-Unit Containers and Unit-Dose

Containers for Nonsterile Solid and Liquid Dosage

Forms h681i.

OUTSOURCING

For suppliers of outsourced compounded preparations

or repackaged commercial products, documentation of

beyond-use dating, as defined previously in the Docu-
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mentation section of this chapter, is required and shall be

provided upon request. In addition, documentation of

compliance with USP chapters h795i and h797i is re-

quired and shall be provided upon request.

For purchasers of outsourced compounded prepara-

tions or repackaged commercial products, documenta-

tion shall be on file for all BUDs assigned to those

purchases.

SUMMARY

A quality assurance program is necessary to ensure the

quality of compounded preparations. A sound quality as-

surance program includes detailed SOPs, documenta-

tion, verification, and analytical and microbiological

testing as appropriate to particular compounded pre-

parations. Compounding professionals must decide the

types of testing and degree of testing that will be a part

of their quality assurance program. They also must de-

cide whether to perform testing in-house or outsource

it to a contract laboratory.~USP34

DIETARY SUPPLEMENT
CHAPTERS

BRIEFING

h2232i Elemental Contaminants in Dietary Supple-
ments. This new dietary supplement general chapter is devel-
oped to replace general chapter Heavy Metals h231i for dietary
supplements and dietary ingredients. The term elemental con-
taminants is adopted here as an alternative to the term ‘‘heavy
metals’’. The limits presented in this chapter are based on in-
depth review of the toxicological literature and discussions in-
volving several experts in metals toxicology. These limits are
based on documented toxicity and recommendations from
regulatory agencies and international/trade organizations and
focus on the four most toxic and well-understood elements hPb,
Hg, As, and Cdi. The chapter provides the default methods of
analysis which include speciation methods for inorganic As
(FCC Kelp monograph) and methylmercury (AOAC Official
Method 990.04). This chapter also describes three separate op-

tions for determination of compliance to the limits. These op-
tions are similar to those presented in general chapter Residual
Solvents h467i.

(DS-GC: Y. Tokiwa) RTS—C83537

Add the following:

~h2232i ELEMENTAL CONTAMINANTS
IN DIETARY SUPPLEMENTS

INTRODUCTION

The objective of this general chapter is to limit the

amounts of elemental contaminants in dietary supple-

ments labeled as conforming to USP or NF standards.

This general chapter applies to dietary supplements only.

Drug products and their ingredients are addressed in

general chapter Elemental Impurities—Limits h232i.

The focus of this general chapter is on the four major

elements of toxicological concern: arsenic, cadmium,

lead, and mercury (Class 1 elements in Elemental Impuri-

ties—Limits h232i). The extent of testing can be deter-

mined using a risk-based approach considering the

likelihood of contamination. Manufacturers should con-

sider the presence of unexpected elemental contami-

nants when the manufacturers determine compliance.

LIMITS OF ELEMENTAL CONTAMINANTS

The levels of elemental contaminants should be restric-

ted as shown in Table 1. Elemental Limits unless otherwise

stated in the individual monograph.
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Table 1. Elemental Limits

Element

Individual

Component

Limita

(mg/g)

PDEb

(mg/day)

Arsenic (inorganic)c 1.5 15

Cadmium 0.5 5

Lead 1.0 10

Mercury (total) 1.5 15

Methylmercury

(as Hg)d

0.2 2

a The limits for individual components are based on a maxi-
mum daily intake of 10 g of a dietary supplement and are in-
tended for use only with Options for Compliance with Limits of
Elemental Contaminants under Individual Component Option.
b Permitted Daily Exposure (PDE) is derived from the Provisional
Tolerable Weekly Intake (PTWI) that is recommended by the
Food and Agriculture Organization of the United Nations and
World Health Organization (FAO/WHO) by subtracting the dai-
ly exposure (mg/day) to each elemental contaminant from air,
food, and drinking water. A body weight of 50 kg and a safety
factor are used to calculate the PDE.
c Arsenic may be measured using a nonspeciation procedure
under the assumption that all arsenic contained in the supple-
ment is in the inorganic form. Where the limit is exceeded using
a nonspeciation procedure, compliance with the limit for inor-
ganic arsenic shall be demonstrated on the basis of a speciation
procedure.
d Methylmercury determination is not necessary when the con-
tent for total mercury is less than the limit for methylmercury.
Specific monographs may provide exceptions for articles that
may need to be consumed in larger quantities in order to justify
the claims.

OPTIONS FOR COMPLIANCE WITH THE LIMITS OF

ELEMENTAL CONTAMINANTS

In order for a dietary supplement to comply with the

limit for elemental contaminants as described in this

chapter, the level of elemental contaminant in the fin-

ished dietary supplement should be NMT the PDE. The

following three options are available when manufactur-

ers determine compliance with the limits for elemental

contaminants in dietary supplements.

Dietary Supplement Analysis Option

This option is generally applicable. In this option the

results obtained from the analysis of a typical serving size,

scaled to a maximum daily intake, are compared to the

PDE, as stated in Table 1.

Calculate the measured value (in mg of contaminant)/

daily intake as:

Result = MVSS 6 N

MVSS = measured value (in mg of contaminant)/

serving size

N = m a x i m u m n u m b e r o f s e r v i n g s i z e s

recommended/day.

Acceptance Criteria: The measured value/daily

intake is NMT the PDE value given in Table 1.

Individual Component Option

For dietary supplements with a maximum daily intake

of NMT 10 g, the product meets the requirements when

each component meets the limits given for the Individual

Component Limit in Table 1. If all components in a formu-

lation meet the limits given for the Individual Component

Limit, these components can be used in any proportion.

No further calculation is necessary.

Summation Option

This option can be used for products that are con-

sumed in quantities greater than 10 g/day or where

any component of the dietary supplement exceeds the

applicable Individual Component Limit. The PDE, as stated

in Table 1, can be used to calculate the concentration of

elemental contaminants allowed in a dietary supple-

ment. Apply this option by separately adding the

Pharmacopeial Forum
Vol. 36(1) [Jan.–Feb. 2010] IN-PROCESS REVISION 259

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



amounts of each elemental contaminant (in mg/day) pre-

sent in each of the components of the dietary supple-

ment product using the following equation:

Result = S1
n(Ci x Wi)

n = each component used to manufacture the

dietary supplement product

Ci = element concentration in that component

(mg/g)

Wi = weight of each component in the dietary

supplement (weight in g of the maximum

number of serving sizes/day).

Examples

Consider an example of the application of the different

options to the lead concentration in a dietary supple-

ment. The PDE is 10 mg per day and the Individual Com-

ponent Limit i s 1.0 mg/g (ppm). The maximum

administered daily weight of a dietary supplement pro-

duct is 5.0 g, and the dietary supplement contains two

additional components. The composition of the dietary

supplement and the calculated maximum content of

lead are given in Table 2.

Additional Component 1 meets the Individual Compo-

nent Limit, but the Dietary Ingredient and the Additional

Component 2 do not. Thus, the Individual Component Op-

tion cannot be used. Nevertheless, with the Summation

Option the dietary supplement product meets the PDE

limit of 10 mg/day and thus conforms to the acceptance

criteria in this general chapter.

Consider another example using cadmium as the ele-

mental contaminant. The certificates of analysis from the

suppliers of each component indicate that the dietary in-

gredient contains NMT 0.4 mg/g and the additional com-

ponents contain NMT 0.5 mg/g each. The serving size is

two capsules, the weight of each capsule is 2.5 g, and the

maximum number of servings/day is three. The daily in-

take/weight of the dietary supplement is therefore

2.56 2 6 3 = 15.0 g. The composition of the dietary

supplement and the calculated maximum content of

cadmium based on the certificates of analysis from the

suppliers are given in Table 3.

In this example the Individual Component Option is not

applicable because the maximum daily intake is more

than 10 g. The dietary supplement exceeds the limit for

cadmium in Table 1 using certificates of analysis from

suppliers and the Summation Option. Although the cad-

mium content is within the Individual Component Limit

(mg/g), the dietary supplement product fails for cadmi-

um PDE using the Dietary Supplement Analysis Option

considering the amount of daily intake.

Table 2

Component

Amount of

Component/

Daily Intake

(g)

Lead

Content

(mg/g)

Daily

Exposure

(mg/day)

Dietary Ingredient 0.3 3.0 0.9

Additional Component 1 0.9 1.0 0.9

Additional Component 2 3.8 1.5 5.7

Dietary Supplement 5.0 — 7.5
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Table 3

Component

Amount of

Component/

Daily Intake

(g)

Cadmium

Content

(mg/g)

Daily

Exposure

(mg/day)

Dietary Ingredient 1.0 0.4 0.4

Additional Component 1 2.6 0.5 1.3

Additional Component 2 11.4 0.5 5.7

Dietary Supplement 15.0 — 7.4

ANALYTICAL PROCEDURES FOR TOTAL

ELEMENTAL CONTAMINANTS

Performance-based methodology for analysis of total

elemental contaminants in general chapter Elemental Im-

purities—Procedures h233i is applicable for dietary sup-

plements. The validation necessity will vary depending

on the situation. In all three options described in the sec-

tion Options for Compliance with the Limits of Elemental

Contaminants, the use of Validation of Limit Procedures

(see Elemental Impurities—Procedures h233i) may be ap-

propriate. However, for the Summation Option accept-

able levels of validation must be determined on a case-

by-case basis. Validation of a procedure using the Valida-

tion of Quantitative Procedures (see Elemental Impurities—

Procedures h233i) is acceptable for all options under all

circumstances and is generally preferred. The determina-

tion of the level of validation necessity is at the discretion

of the manufacturer and the competent regulatory au-

thority.

ANALYTICAL PROCEDURE FOR INORGANIC

ARSENIC

Where the level of total arsenic exceeds the limit re-

commended in this chapter, speciation may be used to

determine the amount of inorganic arsenic present.

The following procedure is suggested for determination

of inorganic arsenic, but any validated procedure shown

to give equivalent or better results can be used.

Apparatus

Figure 1. Special apparatus for the determination of

inorganic arsenic. (A, 250-mL distillation flask; B, receiver

chamber, approximately 50-mL capacity; C, reflux

condenser; D, splash head.)
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Reagents

Distillation-Reducing Solution—72 mg/mL of

ACS-grade, low-arsenic, ferrous chloride tetrahydrate

(FeCl2 � 4H2O) in 6.6 N hydrochloric acid. [NOTE—Pre-

pare fresh on the day of use.]

Control—6.0 mg of As (6.0 mL of Standard Arsenic So-

lution.) [NOTE—Use this amount rather than the 3.0 mL

specified for Standard Preparation under general chapter

Arsenic, Method I h211i.]

Sample Solution

Take a 2.00-g sample that has previously been ground

to pass through a 60-mesh screen and transfer to a dis-

tillation flask (A). Add 50 mL of Distillation-reducing Solu-

tion, connect the flask to the receiver chamber (B),

complete the assembly of the apparatus, and begin cir-

culating tap water through the condenser (C). Half-fill

the lower two bulbs of the splash head (D) with water.

Maneuver the stopcock to cause the contents of the re-

ceiver chamber to drain into the distillation flask, heat the

flask until the temperature above the solution reaches

1068 to 1088, and continue refluxing at this temperature

for 45 min. Close the stopcock, continue heating at 1088

to 1108, and collect 30 to 33 mL of distillate in the receiv-

er chamber. Remove the heating source and allow the

temperature to drop to about 808.

Drain the distillate from the receiver chamber into a

250-mL beaker that is contained in an ice-water bath.

Close the stopcock, and add a second 50-mL portion

of the Distillation-reducing Solution through the ther-

mometer opening to the distillation flask. Replace the

thermometer, increase the temperature to 1088 to

1108, and collect a second 30- to 33-mL portion of dis-

tillate in the receiver chamber.

Drain the second distillate into the beaker containing

the first portion, and continue cooling in the ice-water

bath until the combined distillate cools to room temper-

ature. Remove the splash head, and wash its contents in-

to the beaker. Also, wash down the inside of the

condenser and receiver chamber with water, collecting

the washings in the beaker. Filter the beaker contents

through a Whatman No. 40, or equivalent, filter paper,

collecting the filtrate in a 300-mL Erlenmeyer flask having

a 24/40 standard-taper joint, to be used later as an arsine

generator flask. Wash the filter three times with water so

that the final volume of filtrate measures 200 mL.

Analysis

Add 2 mL of potassium iodide TS and 0.5 mL of strong-

er acid stannous chloride TS to the Sample Solution con-

tained in the Erlenmeyer flask, and proceed as directed in

the Procedure under general chapter Arsenic, Method I

h211i beginning with ‘‘Allow to stand at room tempera-

ture for 30 minutes.’’

ANALYTICAL PROCEDURE FOR METHYLMERCURY

Where methylmercury determination is required, the

following procedure is suggested. However, any vali-

dated procedure shown to give equivalent or better re-

sults can be used.

Apparatus

[NOTE—Wash all glassware with a laboratory detergent,

and rinse thoroughly with hot tap water followed by pu-

rified water. Rinse with acetone, and let dry.]

The system consists of an HPLC connected through an

interface to an atomic absorption detector for mercury

determination at 253.7 nm with a mercury hollow-cath-

ode lamp, deuterium background corrector, and gas

flow-through cell with open ends or quartz closed ends

(10–25-mm ID 6 100–115 mm).
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Interface Assembly (see Figure 2)—Consists of the

following components:

(1) Heater—With 1-inch thick magnesia and alumina in-

sulation

(2) Flowmeter

(3) Temperature-indicating device— Ranging from 08 to

13708

(4) Short condenser—175 mm jacket length, standard ta-

per 24/40

(5) Rubber stopper—No. 5, solid neoprene. [NOTE—A

suitable rubber stopper is available as No. 14–141F

from Fisher Scientific Co.]

(6) Stainless steel tubing—1/16 inch (1.6 mm) OD, 0.04

inch (1 mm) ID

(7) Trap—Test tube, 1256 15 mm

(8) Boiling flask—2 neck, 500 mL [NOTE—A suitable boil-

ing flask is available as Kontes No. 605000.]

(9) Stainless steel tubing—Two 6-inch (15 cm) lengths

(10) Plastic tubing—Spaghetti type, 0.057–0.067 inch

(1.45–1.7 mm) ID

(11) Plastic tubing—Spaghetti type, as connector to AAS

system

(12) Electrical connection—Standard 120-V plug to vari-

able voltage transformer

Atomic Absorption Spectrophotometer (AAS)—

Follow the manufacturer’s operating instructions for mer-

cury determination at 253.7 nm with deuterium back-

ground correction. Typical response for an injection of

0.100 mg Hg/100 mL standard is approximately 0.20 A

using a cell of 25-mm ID 6 115-mm. Use a recording de-

vice set to obtain approximately 30%–50% full scale for

an injection of 0.100 mg Hg/100 mL standard. The work-

ing range is between approximately 0.01 and 0.25 mg

Hg/100 mL injected.

Figure 2. A diagram of the HPLC/AAS interface.

Reagents

[NOTE—Use water double-distilled in glass.]

Sodium Thiosulfate Solution—Use a 0.01 M solu-

tion.

Hydrochloric Acid Solution—Use a 1.8 M solution.

Chromatographic Siliceous Earth—Acid-washed

[NOTE—A suitable grade is available as acid-washed Celite

545.]

Methylmercuric Chloride Stock Standard Solu-

tion—Use a solution equivalent to 100 mg/mL of mercu-

ry from methylmercuric chloride prepared by dissolving

125 mg of methylmercuric chloride in 20 mL of metha-

nol and diluting with water to 1 L.

Ammonium Acetate Solution— Use a 0.05 M solu-

tion.

Mobile Phase— Methanol and ammonium acetate

solution (3 : 2) adjusted with glacial acetic acid to a pH

of 5.7+ 0.2. Add 0.1 mL of 2-mercaptoethanol/L im-

mediately before use.
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Instrument Set-up

Figure 2 is a diagram of the HPLC/AAS interface. Com-

ponents are placed inside a shop-made box of the di-

mensions shown. The box has a Plexiglas door at the

front, and the back and top are removable. Items 1–3

are bolted to the sides of the box. Set up the remaining

items as follows: Bend a 30-inch (76 cm) stainless steel

tubing (item 6) as shown to provide additional heating

surface. Place the bent portion, together with the ther-

mocouple element, between 2 disks of the heater held

tightly together by a screw at the center of the upper

disk. Enclose the heater assembly in 1-inch (25-mm)

thick magnesia–alumina insulation, and secure to the

aluminum plate support by means of the aluminum cov-

er and screws. Push the stainless steel tubing from the

heater outlet through the center of the rubber stopper

(item 5) so that the end of the tubing is near the con-

structed portion of the condenser when the stopper is in-

serted tightly into the top of the condenser. Push two

additional 6-inch (15-cm) lengths of the stainless steel

tubing through the rubber stopper to serve as the nitro-

gen inlet and mercury vapor outlet, respectively. Con-

nect the nitrogen inlet through the flowmeter and the

mercury outlet to the test tube trap by means of spaghet-

ti-type tubing. Connect the nitrogen tank to the flowme-

ter by means of spaghetti-type tubing and standard

Swagelok fittings and unions. Connect the outlet from

the LC column to the 0.01-inch (0.25-mm) ID stainless

steel tube, which is connected to the inlet of the heating

tube by standard 1/16-inch (1.6-mm) Swagelok fittings

and zero dead volume union. Connect the outlet of the

test tube trap (spaghetti tubing, item 11) to the AAS cell

by the small rubber stopper inserted into the side arm of

the cell.

Operating Conditions for the HPLC/AAS Interface

Turning the System ON—(1) Adjust the Mobile

Phase flow rate to 0.7 mL/min. (2) Introduce water into

the condenser. (3) Adjust the nitrogen sweep to 0.1 L/

min (tank pressure 15 psi (1.04 kPa) and 10.0 setting

on the flowmeter). (4) Gradually adjust the temperature

of the interface heater to 5508 (transformer setting ap-

proximately 65). (5) After the temperature reaches

5508, check the system stability by injecting several ali-

quots of methylmercury standard solutions. (The reten-

tion time of methylmercury is 5–6 minutes.)

The precision between the methylmercury peak

heights should be NMT 5%. Inject all standard solutions

to check linearity. If these parameters cannot be

achieved, check for leaks or, after long use, replace the

effluent tubing. [NOTE—To conserve analytical standard

solutions, another set of standards of the same concen-

tration may be prepared by direct dilution of Methylmer-

curic Chloride Stock Standard Solution with Sodium

Thiosulfate Solution. Use these standards only for instru-

ment checking. To prepare solutions of 0.05, 0.100,

0.150, 0.200, and 0.250 mg Hg/100 mL, dilute 100 mg

Hg/mL Methylmercuric Chloride Stock Standard Solution

with Sodium Thiosulfate Solution as follows: 1, 1, 3, 2,

and 5 mL to 200, 100, 200, 100, and 200 mL, respec-

tively.]

Turning the System OFF—(1) Turn off the interface

heater, and let the system cool to near room tempera-

ture. (2) Shut off other components, but do not shut

off the Mobile Phase flow while the heater is hot. If this

is done, carbon may deposit and clog the effluent tube.

For the same reason do not pump neat organic solvents,

such as methanol, to clean the column while the heater is

hot. (3) After the heater has cooled to room temperature,

pump methanol to rinse the column.
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Preparation of Test Solutions

For Supplements in Tablet Form—Weigh and fine-

ly powder not fewer than 20 tablets. Transfer an ac-

curately weighed portion of about 10.0 g of the

powder to a 100-mL beaker. Prepare an analytical mix-

ture by adding Hydrochloric Acid Solution so that the mass

of the analytical portion of the powdered tablets plus the

mass o f the Hydroch lo r i c Ac id So lu t i on to ta l s

25.00+ 0.30 g. Blend the analytical mixture in a ho-

mogenizer (approximately 1 minute) to obtain a fine sus-

pension. Immediately weigh 10.0 g of the fine

suspension into a beaker containing 10 g of Chromato-

graphic Siliceous Earth, and mix well. Quantitatively trans-

fer the mixture to a glass chromatographic column

containing a pledget of glass wool at the bottom. Com-

pact the mixture moderately with a tamping rod to a

height of approximately 8 cm, and place the pledget of

glass wool on top. Elute the column by adding 20 mL fol-

lowed by four 5-mL aliquots of chloroform. Collect the

first 20 mL of the eluate in a tall 25-mL glass-stoppered

graduated cylinder. Add 4.0 mL of Sodium Thiosulfate So-

lution, shake the mixture gently for 1 minute, and let

stand 5 minutes. Transfer the upper aqueous layer con-

taining the methylmercury–thiosulfate complex together

with any emulsion into a 25-mL Erlenmeyer flask. Blow a

moderately strong stream of nitrogen into the flask for 1–

2 minutes to break up any emulsion, and expel droplets

of chloroform. [NOTE—To aid in breaking the emulsion,

hold and rotate the flask at a 45-degree angle with one

hand, and direct the nitrogen stream at the thin layer of

emulsion that adheres to the bottom of the flask as it ro-

tates.]

[NOTE—Some supplements may produce cloudy ex-

tracts. If this occurs, the extract can be passed through

a membrane filter.]

For Supplements in Capsule Form—Weigh ac-

curately not fewer than 20 capsules and determine the

average weight. Place a number of capsules equivalent

to about 10.0 g in a 100-mL beaker, and add the Hydro-

chloric Acid Solution so that the mass of the analytical por-

tion of capsules taken plus the mass of the Hydrochloric

Acid Solution totals 25.00+ 0.30 g. Proceed as directed

in For Supplements in Tablet Form beginning with ‘‘Blend

the analytical mixture...’’

For Supplements in Liquid Form—Weigh ac-

curately 10.0 g of the liquid in a 100-mL beaker, and pre-

pare an analytical mixture by adding Hydrochloric Acid

Solution so that the mass of the analytical portion of

the dietary supplement liquid taken plus the mass of

the Hydrochloric Acid Solution totals 25.00+ 0.30 g. Pro-

ceed as directed in For Supplements in Tablet Form begin-

ning with ‘‘Blend the analytical mixture...’’

Preparation of the Reagent Blank Solution

Prepare the reagent blank analytical solution by weigh-

ing 25.00 g of Hydrochloric Acid Solution into a 100-mL

beaker. Proceed as directed in Preparation of Test Solu-

tions—For Supplements in Tablet Form, beginning with

‘‘Immediately weigh 10.0 g...’’

Preparation of Standard Solutions

Prepare 0.050, 0.100, 0.150, 0.200, and 0.250 mg Hg/

100 mL of Standard Solutions by adding, respectively, 20-,

40-, 60-, 80-, and 100-mL aliquots of Methylmercuric Chlo-

ride Stock Standard Solution to 20 mL of chloroform in se-

parate 25-mL glass-stoppered graduated cylinders.

Proceed as directed in Preparation of Test Solutions—For

Supplements in Tablet Form, beginning with ‘‘Add 4.0

mL of Sodium Thiosulfate Solution...’’

Chromatographic System

The liquid chromatograph is equipped with a 4.6-mm

6 25-cm L1 column and a 2.1-mm 6 7-cm L2 guard

column. Inject a 100-mL aliquot of Test Solution (0.100 g
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injected for 10.0 g analytical portion) into the HPLC/AAS

system. After the methylmercury peak appears, inject a

100-mL aliquot of Standard Solution that produces a peak

height equal to or slightly higher than the Test Solution

peak height. Repeat by injecting the Test Solution again

followed by the selected Standard Solution. If the Test So-

lution peak height is higher than the peak height for the

highest standard, dilute quantitatively an appropriate al-

iquot of Test Solution with Sodium Thiosulfate Solution. Ac-

count for the dilution in the final calculation.

Calculations

Additional dilutions must be accounted for in the final

calculation. Do not vary the injection volume.

Measure peak heights above the base line, and calcu-

late the methyl-bound mercury concentration in the test

portion, in mg Hg/g, by comparing the average peak

heights of the Test Solution to the average peak heights

of the Standard Solution as follows:

Result (mg/kg) = (RT/RS) 6 (WS/WT)

RT = average peak height of the Test Solution (A)

RS = average peak height of the Standard Solution (A)

WS = amount of standard injected (mg Hg)

WT = amount of analytical portion injected (g),

and

WT = (D/E) 6 [F 6 (0.100 mL/4.0 mL)]

D = weight of the analytical portion (g)

E = weight of the analytical mixture prepared (g)

F = weight of the analytical mixture added to the

Chromatographic Siliceous Earth (g)

If necessary, correct the peak height for the Test Solu-

tion using the response of the diluted Reagent Blank Solu-

tion.

The quantitation limit, defined as 10 standard devia-

tions of the reagent blank, is 0.006 mg Hg/100 mL inject-

ed. This corresponds to a quantitation limit of 0.06 mg

Hg/g for a 10-g analytical portion treated according to

the procedure. The intraday variation, calculated as the

standard deviation of 5 replicate injections of duplicate

sample preparations, is NMT 0.12 and the relative stan-

dard deviation is NMT 20%.~USP34
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REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

Hydrobromic Acid. It is proposed to add this new reagent
used in the Heavy Metals test in the monograph for Pioglitazone
Hydrochloride, which appears elsewhere in this issue of PF.

(HDQ: M. Marques.) RTS—C71506

Add the following:

~Hydrobromic Acid, HBr—80.91 [10035-10-6]—

Use ACS reagent grade.~USP34

BRIEFING

Metanil Yellow. It is proposed to add this new reagent
used in the test for Heavy Metals in the monograph for
Aluminum Oxide.

(HDQ: M. Marques.) RTS—C77141

Add the following:

~Metanil Yel low (Ac id Ye l l ow 36; 3- (4 -

Anilinophenylazo)benzenesulfonic Acid Sodium Salt),

C18H14N3NaO3S—375.38 [587-98-4]—Use a suitable

grade with a dye content of NLT 70%.~USP34

BRIEFING

(R)-(+)-alpha-Methylbenzyl Isocyanate. It is proposed
to add this new reagent used in the Limit of Total Stereoisomers
in the monograph for Ethambutol Hydrochloride.

(HDQ: M. Marques) RTS—C69685

Add the following:

~(R)-(+)-alpha-Methylbenzyl Isocyanate ((R)-(+)-

1-Phenylethyl Isocyanate), C9H9NO—147.17 [33375-06-3]

—Use a suitable grade with a content of NLT

99.0%.~USP34

BRIEFING

Nonoxynol-9. It is proposed to add this new reagent used
to prepare the Surfactant solution in the Dissolution test in the
monograph for Lithium Carbonate Tablets.

(HDQ: M. Marques.) RTS—C78986

Add the following:

~Nonoxynol-9 (Igepal CO-630, Semicid, Staycept,

Tergitol TP-9, Sterox), (C2H4O)nC15H24O—[26027-38-3]

—Use a suitable grade.~USP34
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BRIEFING

Sodium 1-Pentanesulfonate, USP 32 page 849. It is
proposed to update the information related to this reagent.

(HDQ: M. Marques) RTS—C83925

Change to read:

Sodium 1-Pentanesulfonate C5H11NaO3S �H2O—192.21
[22767-49-3]—White, crystalline solid. Soluble in water.

Solubility—One g, dissolved in 25 mL of water, yields a clear
and complete solution.

Water, Method I h921i: not more than 2.0%.

~

( 1 - P e n t a n e s u l f o n i c A c i d S o d i u m S a l t ) ,

C5H11NaO3S �H2O—192.21 [207605-40-1]—Use a suit-

able grade with a content of NLT 98.0%.~USP34

BRIEFING

Sodium 1-Pentanesulfonate, Anhydrous. It is proposed
to add this new reagent, used in the monograph for
Succinylcholine Chloride.

(HDQ: M. Marques) RTS—C83900

Add the following:

~Sodium 1-Pentanesulfonate, Anhydrous (1-

Pentanesulfonic Acid Sodium Salt, Anhydrous),

C5H11SO3Na—174.19 [22767-49-3]—Use a suitable

grade with a content of NLT 98%.~USP34
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REFERENCE TABLES

BRIEFING

Container Specifications for Capsules and Tablets,
USP 32 page 881, page 4186 of the Second Supplement, and
page 1569 of PF 35(6) [Nov.–Dec. 2009].

(HDQ) RTS—C55784; C60913; C61273; C71507;
C72552; C75104; C75107; C77755; C78463

The following table is provided as a reminder for the pharma-
cist engaged in the typical dispensing situation who already is
acquainted with the Packaging and Storage requirements set
forth in the individual monographs. It lists the capsules and tab-
lets that are official in the United States Pharmacopeia and indi-
cates the relevant tight (T), well-closed (W), and light-resistant
(LR) specifications applicable to containers in which the drug
that is repackaged should be dispensed.

This table is not intended to replace, nor should it be inter-
preted as replacing, the definitive requirements stated in the in-
dividual monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

~

Acetaminophen and Tramadol

Hydrochloride Tablets T~USP33

Add the following:

&Balsalazide Disodium Capsules T&2S (USP33)

Add the following:

&Carbidopa and Levodopa Tablets,

Extended-Release W, LR&1S (USP33)

Add the following:

~Cephalexin Tablets for Oral

Suspension T~USP34

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Cetirizine Hydrochloride and

Pseudoephedrine Hydrochloride

Extended-Release Tablets W~USP34

Add the following:

&Crypthecodinium cohnii Oil Capsules T, LR&2S (USP33)

Add the following:

&Lamivudine and Zidovudine Tablets W, LR&1S (USP33)

Add the following:

~

Lamotrigine Tablets W~USP34

Add the following:

~

Levetiracetam Tablets T~USP34

Add the following:

&Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR&1S (USP33)

Add the following:

&Loratadine Orally Disintegrating

Tablets T&1S (USP33)

Add the following:

&Morphine Sulfate Tablets,

Extended-Release T, LR&2S (USP33)

Add the following:

&Mycophenolate Mofetil Capsules W, LR&2S (USP33)

Add the following:

&Mycophenolate Mofetil Tablets W, LR&2S (USP33)
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

&Nateglinide Tablets T&1S (USP33)

Add the following:

&Olanzapine Tablets T, LR&1S (USP33)

Add the following:

&Orlistat Capsules T&2S (USP33)

Add the following:

~Oseltamivir Phosphate Capsules W~USP33

Add the following:

&Oxcarbazepine Tablets W&1S (USP33)

Delete the following:

~

Paramethasone Acetate Tablets W~USP34

Add the following:

~

Pioglitazone Tablets T~USP34

Add the following:

&Ramipril Capsules W&2S (USP33)

Add the following:

&Ribavirin Capsules W&1S (USP33)

Add the following:

&Riluzole Tablets W, LR&2S (USP33)

Add the following:

~

Rivastigmine Tartrate Capsules T~USP34

Add the following:

&Schizochytrium Oil Capsules T, LR&2S (USP33)

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Sertraline Tablets W~USP34

Add the following:

&Sumatriptan Tablets W&2S (USP33)

Add the following:

&Tacrolimus Capsules T&1S (USP33)

Add the following:

&Telmisartan Tablets W&1S (USP33)

Add the following:

~Telmisartan and Hydrochloro-

thiazide Tablets W~USP34

Add the following:

&Terazosin Capsules W, LR&2S (USP33)

Add the following:

~

Terbinafine Tablets W, LR~USP34

Add the following:

&Ticlopidine Hydrochloride Tablets W&1S (USP33)

Add the following:

&Tranylcypromine Tablets W&1S (USP33)

Add the following:

&Tranylcypromine Sulfate Tablets W&1S (USP33)

Add the following:

&Valacyclovir Tablets T&2S (USP33)
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Venlafaxine Tablets W~USP34

Add the following:

&Zinc Gluconate Tablets T, LR&1S (USP33)

Add the following:

&Zolpidem Tartrate Tablets W&2S (USP33)

Add the following:

&Zolpidem Tartrate Extended-Release

Tablets W&1S (USP33)

BRIEFING

Description and Relative Solubility of USP and NF Ar-
ticles, USP 32 page 890, page 4186 of the Second Supplement,
page 817 of PF 34(3) [May–June 2008], page 1565 of PF 34(6)
[Nov.–Dec. 2008], page 188 of PF 35(1) [Jan.–Feb. 2009], page
464 of PF 35(2) [Mar.–Apr. 2009], page 651 of PF 35(3) [May–
June 2009], page 993 of PF 35(4) [July–Aug. 2009], page 1343
of PF 35(5) [Sept.–Oct. 2009], and page 1571 of PF 35(6)
[Nov.–Dec. 2009].

(HDQ) RTS—C68837; C68972; C70122; C71506;
C77141; C77396

Add the following:

~Aluminum Oxide: Occurs as a white or almost

white, amorphous powder. It is very slightly soluble in di-

lute mineral acids and in solutions of alkali hydroxides. It

is practically insoluble in water. ~NF29

Add the following:

~Donepezil Hydrochloride: White crystalline pow-

der. Freely soluble in chloroform, soluble in water and

glacial acetic acid; slightly soluble in alcohol and acetoni-

trile, and practically insoluble in ethyl acetate and n-hex-

ane.~USP34

Add the following:

~Montelukast Sodium: White or almost white

hygroscopic powder. Freely soluble in water and methyl-

ene chloride; very soluble in alcohol.~USP34

Add the following:

~Pioglitazone Hydrochloride: White crystals or

crystalline powder. Soluble in dimethylformamide; slight-

ly soluble in dehydrated alcohol; very slightly soluble in

acetone and acetonitrile; practically insoluble in water;

insoluble in ether.~USP34

Add the following:

~Rizatriptan Benzoate: White to almost white

crystalline powder. Soluble in water, sparingly soluble in

alcohol, and slightly soluble in methylene chloride.~USP34

Add the following:

~Ropinirole Hydrochloride: Pale cream to yellow

powder. Soluble in water.~USP34
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Pending Proposals
(Items from earlier numbers of PF that have not yet been adopted and become official)

In order for an item to be adopted into the USP–NF and become officially binding, it must first be proposed and pub-
lished in the Pharmacopeial Forum (PF) to allow the public an opportunity to review and comment upon it. When an
item is adopted, it is published in the USP–NF, its Supplements, an IRA , or a Revision Bulletin. Those items that have not
yet been adopted are marked as Pending Proposals.

The Pending Proposals list contains these items separated into the following categories: General Notices and Require-
ments; USP monographs; Dietary Supplements Monographs; General Chapters; Reagents; Indicators; and Solutions;
Reference Tables; Excipients; and NF Monographs. Each entry in the Pending Proposals list contains the monograph title
and the citation of the most recent publication of the monograph. Reprints of PF proposals may be purchased from
USP by sending a written request for information to custsvc@usp.org.

To check the status of a Pending Proposal, please contact USP as directed below.

� The briefing accompanying the monograph or general chapter lists the names of the Scientific Liaisons responsible
for the proposed revisions. The contact information (phone number and email) for the Scientific Liaison is available
in the Staff Directory section of How to Use PF. For USP–NF Online subscribers, the name and contact information for
the assigned Scientific Liaison is available in the Auxiliary Information portion of each monograph.

� Call USP at 301-816-8344 and ask to speak with the Scientific Liaison assigned to the monograph or general chap-
ter of interest.

� Submit questions by email to stdsmonographs@usp.org. Please indicate the name of the monograph or general
chapter in the subject line of the email.

Following these lists the reader will find the Canceled Proposals list. These are items that were published in PF and were
pending, but have since been canceled. This list contains cumulative entries for the six issues per volume of PF [i.e.,
36(1) through 36(6)]. Note that canceled proposals may be republished in PF to be considered for future adoption into
the USP–NF.

PF Volume, Issue, and Page Numbers of Pending Propo-
sals

Title and Proposal Vol. No. Page(s)

General Notices (entire General Notices and Requirements revised) 34 1 40

USP Monographs
Acetaminophen and Tramadol Hydrochloride Tablets (new) 35 1 56
Acetylcysteine—USP Reference standards, Assay 31 3 726
Acitretin—Assay, Heavy Metals 35 5 1102
Acitretin Capsules—Assay 35 5 1095
Medical Air—Identification (add); Assay;

Inorganic Impurities—Carbon Dioxide, Carbon Monoxide,
Sulfur Dioxide, Limit of Nitric Acid and Nitrogen Dioxide;
Packaging and Storage; Labeling

35 4 828

Albumin Human—Definition, Packaging and storage,
Expiration date, Labeling, USP Reference standards (add),
Identification A, B (add), Bacterial endotoxins (add),
Safety (add), Sterility (add), pH (add), Molecular size
distribution (add), Heat stability (add), Incubation (add)
Prekallikrein activator (add), Protein content (add), Heme
content (add), Potassium content (add), Sodium content (add)

31 5 1338

Albuterol Tablets—Assay 31 3 726
Alendronate Sodium Tablets—Dissolution 35 1 59
Alprazolam Tablets—Assay 33 1 41
Alumina, Magnesia, and Calcium Carbonate Chewable Tablets
(new)

29 6 1836

Amiodarone Hydrochloride (new) 34 6 1429
Amlodipine Besylate Tablets (new) 35 1 62
Ampicillin—Definition, USP Reference standards,

Related compounds (add), Assay
34 5 1140

Ampicillin Sodium—Dimethylaniline 35 1 65
Aprotinin (new) 31 3 732
Aprotinin Injection (new) 31 3 736
Articaine Hydrochloride (new) 35 3 544
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PF Volume, Issue, and Page Numbers of Pending Propo-
sals

Title and Proposal Vol. No. Page(s)

Atenolol—Identification B 35 3 545
Atenolol Tablets—Dissolution 35 1 66
Atorvastatin Calcium (new) 35 1 66
Atropine Sulfate—Identification C (add); Organic

Impurities—Other Alkaloids (delete), Procedure (add);
Melting Range or Temperature (delete); Optical Rotation
(delete); Optical Rotation (add); Acidity (delete); Packaging
and Storage; USP Reference Standards

35 4 829

Azithromycin—USP Reference standards, Limit of related
substances (delete), Related compounds (add)

34 3 559

Aztreonam—Definition, Assay, Organic Impurities (add),
Limit of Alcohol (add), USP Reference Standards

35 5 1103

Soluble Bacitracin Methylene Disalicylate—Title change,
Definition

35 5 1105

Bacitracin Methylene Disalicylate Soluble Powder—Title
change, Definition

35 5 1106

Balsalazide Disodium (new) 35 4 830
Balsalazide Disodium Capsules (new) 35 4 832
Bendroflumethiazide Tablets—Dissolution 35 5 1106
Benzethonium Chloride—Identification B, C (delete),

Identification B (add), USP Reference Standards (add)
35 4 833

Benzoin—Botanic characteristics, Identification 35 1 70
Bicalutamide—Organic Impurities 35 5 1107
Biperiden Hydrochloride Tablets—Dissolution 35 5 1108
Bisoctrizole (new) 32 2 309
Budesonide—Related compounds 35 3 539
Bupropion Hydrochloride Extended-Release Tablets—Dissolution 35 5 1109
Buspirone Hydrochloride—Content of chloride 31 3 742
Camphor—Water 31 3 742
Capecitabine—Assay, Organic Impurities 35 4 834
Capecitabine Tablets—Assay, Dissolution, Organic

Impurities
35 5 1113

Capreomycin Sulfate—Identification B (add), Capreomycin 1 Content 35 6 1448
Capreomycin for Injection—Identification A (add), B (add),

Capreomycin 1 Content, Other Requirements
35 6 1449

Carbidopa—Specific rotation 35 1 73
Carbidopa and Levodopa Extended-Release Tablets (new) 34 6 1433
Carmustine (new) 35 3 546
Carmustine for Injection (new) 35 3 548
Cefazolin Sodium—Chemical information, Related compounds (add) 34 6 1438
Cefdinir Capsules—Organic Impurities 35 5 1115
Cefdinir for Oral Suspension—Organic Impurities 35 5 1118
Cefotetan for Injection—Identification A (add), B (add),

Other Requirements
35 5 1122

Cefixime for Oral Suspension—Water (delete) 34 6 1441
Ceftiofur Hydrochloride (new) 34 4 908
Ceftiofur Sodium (new) 34 4 912
Cefuroxime Axetil for Oral Suspension—pH 35 5 1123
Ciprofloxacin—Identification B 35 4 837
Ciprofloxacin Hydrochloride—Identification B 35 4 839
Ciprofloxacin Injection—Identification A 35 4 840
Ciprofloxacin Ophthalmic Solution—Identification A 35 4 842
Ciprofloxacin Tablets—Identification A, B (delete) 35 4 843
Citalopram Tablets—Identification A, Uniformity

of Dosage Units, Organic Impurities
35 4 844

Anhydrous Citric Acid (Harmonization)—Sulfate 31 3 749
Citric Acid Monohydrate (Harmonization)—Sulfate 31 3 750
Citric Acid, Magnesium Oxide, and Sodium Carbonate

Irrigation—USP Reference standards, Assay for citric
acid (delayed implementation to January 1, 2009)

31 2 394

Cladribine—Specific rotation, Related compounds 33 1 49
Clarithromycin Tablets—Dissolution 35 5 1124
Clavulanate Potassium—Limit of aliphatic amines, Limit of

2-ethylhexanoic acid
34 6 1441

Clenbuterol Hydrochloride (new) 35 5 1125
Clindamycin Palmitate Hydrochloride—Chemical information, Assay 34 6 1442
Clobetasol Propionate—Residue on Ignition, Heavy Metals 35 5 1125
Clopidogrel Tablets—Related compounds 33 1 50
Clotrimazole—Identification B, Assay, Organic Impurities—Procedure 2 35 6 1449
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Clotrimazole Cream—Thin-Layer Chromatographic Identification Test,
Assay

35 6 1451

Cyclophosphamide—Identification B, Assay, Organic
Impurities—Procedure 1 and Procedure 2 (add),
Limit of Chloride (add), Limit of Phosphate (add), Bacterial
Endotoxins Test (add), Sterility Tests (add), Labeling (add),
USP Reference Standards

35 5 1126

Dactinomycin for Injection—Definition, Identification B 35 6 1452
Dalteparin Sodium (new) 30 5 1598
Dapsone—Assay 31 3 750
Deferoxamine Mesylate—Definition, Identification (delete),

A (add), B (add), Assay, Organic Impurities (add),
Packaging and Storage

35 4 847

Human Acellular Dermal Matrix (new) 35 3 558
Microsized Human Acellular Dermal Matrix (new) 35 3 561
Diazepam Extended-Release Capsules—USP Reference standards,

Assay
32 2 330

Diclazuril (new) 35 1 73
Diclofenac Sodium Delayed-Release Tablets—Dissolution 35 5 1129
Diclofenac Sodium Extended-Release Tablets—Assay, Dissolution,

Organic Impurities
35 5 1130

Didanosine for Oral Solution—Assay 34 6 1443
Dihydroxyaluminum Sodium Carbonate Chewable

Tablets (new)
29 6 1873

Diltiazem Hydrochloride Tablets—Dissolution 35 6 1453
Dinoprostone—Organic Impurities 35 5 1132
Disulfiram—Assay, Inorganic Impurities—Selenium 35 4 848
Docetaxel (new) 35 5 1133
Docusate Sodium—Residue on Ignition 35 5 1095
Dofetilide (new) 35 5 1135
Dolasetron Mesylate—Impurities 35 2 272
Dronabinol Capsules—Definition, Assay, USP Reference Standards 35 3 549
Egg Phospholipids (new) 31 3 757
Endotoxin Indicator for Depyrogenation (new) 34 6 1444
Ensulizole—USP Reference Standards 35 4 849
Epirubicin Hydrochloride (new) 35 2 273
Esomeprazole Magnesium—Identification B, Other Components—

Content of Magnesium, Optical Rotation (delete)
35 3 550

Esterified Estrogens—Identification, Free steroids, Assay 32 6 1678
Esterified Estrogens Tablets—USP Reference standards, Assay 32 6 1680
Estradiol Transdermal System—Drug Release 35 5 1136
Estradiol and Norethindrone Acetate Tablets—Assay,

Dissolution, Uniformity of Dosage Units, Organic Impurities
35 5 1139

Conjugated Estrogens—Assay 35 5 1142
Ethotoin Tablets—USP Reference standards, Assay 32 2 332
Famotidine Injection (new) 32 2 333
Fenofibrate—Definition, Assay 35 2 275
Fentanyl (new) 34 3 602
Flavoxate Hydrochloride—Organic Impurities, USP Reference Stan-
dards

35 6 1454

Fluconazole Injection (new) 35 3 552
Flurazepam Hydrochloride—Identification 31 3 766
Fluvestrant (new) 33 5 99
Fosinopril Sodium—Organic Impurities—Procedure 1 35 5 1144
Galantamine Tablets—Organic Impurities 35 5 1145
Glucagon—Chemical information, Definition, Identification (delete),

A (add), B (add), Assay, Nitrogen Determination (delete),
Residue on Ignition (delete), Zinc Determination (delete),
Organic Impurities, Water Determination, Bacterial Endotoxins Test
(add), Packaging and Storage, USP Reference Standards

35 5 1148

Glucagon for Injection—Definition, Identification (add), Assay,
Organic Impurities (add), Water Determination (add), pH and
Clarity of Solution (delete), Bacterial Endotoxins Test, Sterility
Tests, Other Requirements (delete), Labeling (add),
USP Reference Standards

35 5 1152

Glutaral Concentrate—Specific gravity 31 3 766
Glyburide and Metformin Hydrochloride Tablets—Identification A,

Dissolution
35 6 1456

Goserelin Acetate (new) 32 3 792
Granisetron Hydrochloride Oral Suspension (new) 34 6 1454
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Halazone—Readily carbonizable substances 34 5 1163
Helium—Identification A (delete), B (delete),

Identification (add), Assay, Inorganic Impurities—Carbon
Monoxide, Odor, Packaging and Storage, Labeling (add)

35 4 850

Halobetasol Propionate (new) 35 6 1458
Hydromorphone Hydrochloride—Organic Impurities,

USP Reference Standards
35 5 1156

Hydromorphone Hydrochloride Oral Solution (new) 35 4 851
Hydroxypropyl Cellulose Ocular System—Assay 35 4 852
Biphasic Isophane Insulin Human Suspension (new) 31 4 1033
Ketoprofen Extended-Release Capsules (new) 34 4 951
Lamivudine and Zidovudine Tablets (new) 35 2 277
Leflunomide—Organic Impurities—Procedure 1: Limit of

Leflunomide Related Compound A, Loss on Drying
35 5 1158

Leflunomide Tablets—Water Determination (delete) 35 5 1159
Levofloxacin (new) 35 6 1459
Levothyroxine Sodium—Organic Impurities—Procedure 1,

Procedure 2 (add), Packaging and Storage, Labeling (add),
USP Reference Standards

35 3 555

Lithium Carbonate Tablets—Dissolution 35 6 1461
Loratadine Orally Disintegrating Tablets (new) 34 3 624
Loratadine and Pseudoephedrine Sulfate Extended-Release

Tablets (new)
32 6 1715

Losartan Potassium and Hydrochlorothiazide Tablets (new) 34 6 1455
Magnesium Carbonate and Citric Acid for Oral Solution—

USP Reference standards (add), Content of anhydrous
citric acid, Other requirements (delayed implementation
to January 1, 2009)

31 2 419

Magnesium Citrate Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 420

Magnesium Citrate for Oral Solution—USP Reference
standards (add), Content of anhydrous citric acid,
Other requirements (delayed implementation
to January 1, 2009)

31 2 421

Mannitol Injection—Labeling 32 2 263
Mefloquine Hydrochloride—Assay 35 5 1160
Megestrol Acetate Oral Suspension—Dissolution 35 1 75
Meloxicam—Impurities, Procedure 1 35 2 278
Metformin Hydrochloride Extended-Release Tablets—Dissolution 35 1 76
Methylbenzethonium Chloride—Identification B (delete), C

(delete), D (delete), B (add); USP Reference Standards (add)
35 4 853

Methylcellulose (new)—Stage 6 Harmonization 35 3 683
Methylcellulose Ophthalmic Solution—Identification 31 3 780
Methylcellulose Oral Solution—Identification 31 3 780
Methylcellulose Tablets—Identification 31 3 780
Methylene Blue Injection, Veterinary (new) 34 6 1461
Methylphenidate Hydrochloride Extended-Release Tablets—

Identification B (add), Dissolution, Organic Impurities (add),
USP Reference Standards

35 6 1461

Metolazone Tablets—Dissolution 35 6 1464
Metronidazole Benzoate—USP Reference standards,

Related compounds
31 3 781

Misoprostol (new) 35 3 564
Mometasone Furoate Cream—Packaging and storage, Related

compounds (add), Assay
35 1 82

Mometasone Furoate Ointment—Packaging and storage, Related
compounds (add), Assay

35 1 84

Mometasone Furoate Topical Solution—Packaging and storage,
Related compounds (add), Assay

35 1 87

Morantel Tartrate—pH 32 6 1735
Morphine Sulfate Extended-Release Capsules—Assay, Organic

Impurities, USP Reference Standards
35 3 565

Morphine Sulfate Extended-Release Tablets (new) 35 5 1164
Mycophenolate Mofetil—Identification, Melting range (delete),

Related compounds, Assay
35 1 89

Mycophenolate Mofetil Capsules (new) 35 4 854
Mycophenolate Mofetil for Injection (new) 35 6 1464
Mycophenolate Mofetil for Oral Suspension (new) 35 6 1466
Mycophenolate Mofetil Tablets (new) 35 4 856
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Naratriptan Hydrochloride Oral Suspension (new) 35 1 90
Nevirapine Oral Suspension—Organic Impurities 35 4 857
Nateglinide (new) 34 6 1463
Nateglinide Tablets (new) 35 2 281
Nitrofurantoin Capsules—Packaging and storage 35 1 92
Nitrous Oxide—Definition; Identification A, B (delete),

C (delete); Assay; Inorganic Impurities—Ammonia,
Nitric Oxide, Nitrogen Dioxide, Halogens, Carbon
Monoxide, Carbon Dioxide; Water; Packaging and Storage;
Labeling (add)

35 4 859

Norepinephrine Bitartrate—Residue on Ignition 35 5 1165
Norethynodrel (delete entire monograph) 35 1 92
Ofloxacin—Chromatographic purity (delete), Related

compounds (add)
30 4 1274

Ofloxacin Tablets—Uniformity of dosage units 34 6 1467
Olanzapine Tablets (new) 35 2 282
Olopatadine Hydrochloride (new) 35 3 567
Olopatadine Hydrochloride Ophthalmic Solution (new) 35 3 568
Ondansetron Hydrochloride—Limit of ondansetron

related compound D, Assay
32 1 126

Ondansetron Orally Disintegrating Tablets—Labeling (add),
Disintegration, Dissolution, Water (delete)

34 6 1467

Orlistat (new) 35 5 1166
Orlistat Capsules (new) 35 5 1169
Oseltamivir Phosphate (new) 34 6 1468
Oseltamivir Phosphate Capsules (new) 34 6 1471
Oxaliplatin—Organic Impurities—Procedure 1, Content of Platinum 35 6 1467
Oxaliplatin Injection (new) 35 2 284
Oxaliplatin for Injection (new) 34 6 1473
Oxazepam Capsules—Assay, Dissolution, Organic Impurities (add) 35 5 1170
Oxcarbazepine (new) 34 5 1177
Oxcarbazepine Tablets (new) 34 6 1478
Oxybutynin Chloride Tablets—Dissolution 35 1 93
Oxycodone Hydrochloride—USP Reference standards, Limit of

oxycodone related compound A (14-hydroxycodeinone) and
oxycodone related compound C (codeinone) (add),
Chromatographic purity

34 6 1480

Oxygen—Identification—Procedure, B (delete); Assay;
Inorganic Impurities—Carbon Dioxide, Carbon Monoxide; Packaging
and Storage; Labeling

35 4 861

Oxygen 93 Percent—Identification A, B (delete); Assay; Inorganic
Impurities—Carbon Dioxide, Carbon Monoxide; Packaging
and Storage; Labeling

35 4 862

Pamidronate Disodium for Injection—Definition 33 1 81
Pancuronium Bromide Injection (new) 32 4 1097
Pantoprazole Oral Suspension (new) 35 4 863
Paramethasone Acetate (delete entire monograph) 35 6 1471
Paramethasone Acetate Tablets (delete entire monograph) 35 6 1472
Paricalcitol—Identification, Assay 33 2 252
Pectin—Chemical information; Definition; Identification—A, B, C, D

(delete), Procedure (add); Assay—Methoxy
Groups (name change), Galacturonic Acid, Methoxy
Groups (add); Impurities—Lead, Procedure 1, Procedure 2 (add),
Procedure 3 (add); Microbial Enumeration Tests; Packaging and
Storage; Labeling; USP Reference Standards (add)

35 2 287

Penicillamine Capsules—Dissolution 31 2 436
Pentamidine Isethionate (new) 35 3 570
Pentobarbital—Identification B (delete), C, Assay,

Organic Impurities, Melting Range
or Temperature (delete)

35 4 864

Pentobarbital Sodium—Labeling (add), USP Reference standards,
Other requirements (add)

31 1 73

Petrolatum (new)—Stage 4 Harmonization 35 5 1363
White Petrolatum (new)—Stage 4 Harmonization 35 5 1364
Liquefied Phenol—Identification (add), Other requirements 35 1 93
Phenytoin Chewable Tablets (new) 29 6 1965
Physostigmine—Readily carbonizable substances 34 5 1179
Pilocarpine Hydrochloride—Definition, Assay, Organic Impurities—

Procedure 1, Melting Range or Temperature (delete), Packaging
and Storage

35 6 1473
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Potassium and Sodium Bicarbonates and Citric Acid
Effervescent Tablets for Oral Solution—USP Reference
standards (add), Assay for anhydrous citric acid
(delayed implementation to January 1, 2009)

31 2 440

Potassium Citrate Extended-Release Tablets—USP
Reference standards (add), Assay (delayed implementation
to January 1, 2009)

31 2 443

Potassium Citrate and Citric Acid Oral Solution—USP
Reference standards (add), Assay for citrate
(delayed implementation to January 1, 2009)

31 2 444

Potassium Iodide Delayed-Release Tablets—Identification (add),
Other requirements

34 6 1481

Potassium Iodide Oral Solution—Definition 31 3 786
Potassium Sodium Tartrate—Limit of ammonia 31 3 787
Praziquantel Tablets—Dissolution 35 2 291
Primidone—Identification B, C (delete), Assay, Organic Impurities,

Melting Range or Temperature (delete),
USP Reference Standards

35 3 571

Primidone Tablets—Assay, Organic Impurities (add),
USP Reference Standards

35 3 573

Promethazine Hydrochloride and Codeine Phosphate Oral
Solution (new)

35 2 292

Promethazine Hydrochloride and Dextromethorphan Hydrobro-
mide

Oral Solution (new)

35 2 295

Promethazine and Phenylephrine Hydrochloride Oral Solution
(new)

35 2 298

Promethazine and Phenylephrine Hydrochloride and Codeine
Phosphate Oral Solution (new)

35 2 301

Propafenone Hydrochloride—USP Reference standards,
Chromatographic purity (delete), Related compounds (add)

35 1 94

Propranolol Hydrochloride Extended-Release Capsules—
Dissolution

35 5 1096

Propoxyphene Hydrochloride—Definition, Assay, Organic
Impurities, Melting Range or Temperature (delete)

35 4 865

Propoxyphene Hydrochloride Capsules—Identification B (delete),
Identification C

35 3 574

Psyllium Husk—Impurities—Heavy Metals (add), Procedure 3 (add) 35 2 304
Pyrantel Pamoate—USP Reference standards, Related compounds 34 6 1482
Quinidine Sulfate Oral Suspension—Assay 35 6 1475
Ractopamine Hydrochloride Suspension (new) 35 5 1171
Ramipril—Definition, Assay 31 3 787
Ramipril Capsules (new) 35 4 867
Oral Rehydration Salts—USP Reference standards (add),

Assay for citrate (delayed implementation to January 1, 2009)
31 5 1399

Repaglinide Tablets—Loss on Drying (delete) 35 2 306
Ribavirin Capsules (new) 35 3 576
Riluzole (new) 35 5 1173
Riluzole Tablets (new) 35 5 1174
Risperidone Oral Solution (new) 35 4 870
Ritonavir—Identification 35 1 95
Rivastigmine Tartrate (new) 35 6 1476
Salmeterol Xinafoate (new) 35 2 307
Salsalate Tablets—Assay 33 6 1211
Sennosides—Content of Sennosides A and B (add), USP Reference

Standards (add)
35 2 308

Sertraline Hydrochloride (new) 34 5 1189
Sibutramine Hydrochloride (new) 34 4 986
Simethicone Emulsion—Identification, Assay 35 6 1477
Sodium Chloride—Identification, Loss on drying,

Limit of potassium (postponed indefinitely)
32 2 264

Sodium Fluoride Gel (new) 35 5 1175
Sucralfate—Identification 33 2 254
Sulfadiazine Tablets—Dissolution 35 3 577
Sulfamethazine Granulated—Assay 31 3 797
Sulfasalazine—Identification B 35 6 1478
Sulfasalazine Tablets—Identification 35 6 1479
Sulfinpyrazone—Identification A, B (add), Melting Range or

Temperature (delete), Solubility in acetone (delete),
Solubility in 0.50 N sodium hydroxide (delete)

35 3 577
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Sumatriptan Tablets (new) 35 4 871
Tacrolimus (new) 35 2 310
Tacrolimus Capsules (new) 35 2 312
Tamsulosin Hydrochloride (new) 35 3 578
Telmisartan (new) 35 3 580
Telmisartan Tablets (new) 35 3 581
Terazosin Capsules (new) 35 4 872
Terazosin Tablets (new) 35 4 874
Terbinafine Hydrochloride—Definition, Assay, Organic Impurities 35 6 1480
Terbinafine Oral Suspension (new) 35 1 96
Terbutaline Oral Suspension (new) 35 1 97
Terbutaline Sulfate Inhalation Aerosol—USP Reference

standards, Assay
31 2 450

Thiabendazole Chewable Tablets (new) 29 6 1991
Thioridazine Hydrochloride—Identification 31 3 798
Tiagabine Hydrochloride Oral Suspension (new) 35 1 98
Ticlopidine Hydrochloride (new) 35 3 582
Ticlopidine Hydrochloride Tablets (new) 35 3 584
Tilmicosin—Definition, Related compounds, Assay 31 3 798
Tioconazole—Assay 35 4 875
Tizanidine Tablets—Dissolution 35 3 585
Topiramate Tablets (new) 34 5 1197
Tramadol Hydrochloride Tablets (new) 31 2 462
Tranexamic Acid (new) 34 6 1484
Tranylcypromine Sulfate (new) 35 2 314
Tranylcypromine Tablets (new) 35 3 587
Trenbolone Acetate—Definition, USP Reference standards,

Identification, Chromatographic purity (delete),
Limit of trenbolone acetate 17a-isomer (delete),
Related compounds (add), Assay

35 1 100

Tretinoin Gel—Identification, Assay 34 6 1485
Triamcinolone Acetonide—USP Reference standards, Assay 31 3 800
Tricitrates Oral Solution—USP Reference standards (add),

Assay for citrate (delayed implementation to January 1, 2009)
31 2 465

Tryptophan—Chromatographic purity (add),
Limit of tryptophan related compound A (add)

33 6 1214

Ursodiol Capsules—Dissolution 31 3 800
Ursodiol Tablets—Identification, Assay 35 4 876
Valacyclovir Hydrochloride (new) 35 3 589
Valacyclovir Tablets (new) 35 4 878
Valproic Acid Capsules—Disintegration (delete) 35 3 591
Valrubicin—Definition, USP Reference standards, Identification, Loss

on drying (delete), Water (add), Limit of residual solvents (delete),
Related compounds, Assay

35 1 103

Valrubicin Intravesical Solution—USP Reference standards,
Related compounds

34 6 1486

Valsartan and Hydrochlorothiazide Tablets—Organic Impurities 35 5 1176
Vancomycin Hydrochloride—Identification, Inorganic

Impurities—Heavy Metals (add), Organic Impurities—
Procedure: Limit of Monodechlorovancomycin, Sterility
Tests (add), Bacterial Endotoxins Test (add), Composition
of Vancomycin

35 4 879

Vancomycin Hydrochloride Capsules—Identification 34 6 1487
Sterile Vancomycin Hydrochloride—(delete entire monograph) 34 1 112
Vancomycin Hydrochloride for Injection—Inorganic Impurities—

Heavy Metals (delete), Composition of Vancomycin
35 4 881

Venlafaxine Hydrochloride (new) 35 6 1483
Venlafaxine Tablets (new) 35 6 1482
Vincristine Sulfate Injection—Identification 35 1 106
Vincristine Sulfate for Injection—Identification 35 1 106
Pure Steam (new) 31 2 467
Water for Hemodialysis—Specific Tests (add Note), Oxidizable

Substances (delete), Microbial Enumeration Tests and Tests for
Specified Microorganisms, Bacterial Endotoxins Test

35 6 1485

Water for Injection—Definition, Bacterial Endotoxins Test, Water
Conductivity, Sterility Tests (add), Packaging and Storage (add),
Labeling (add)

35 2 316

Purified Water—Definition, Packaging and Storage (add), Labeling
(add)

35 2 317

Sterile Water for Inhalation—Definition, Water Conductivity 35 5 1178
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Sterile Water for Injection—Water Conductivity 35 5 1178
Sterile Water for Irrigation—Water Conductivity 35 5 1179
Sterile Purified Water—Water Conductivity 35 5 1180
Zidovudine Oral Solution—Identification A (delete), B (delete),

Identification (add), Organic Impurities, Labeling (add),
USP Reference Standards

35 5 1180

Ziprasidone Hydrochloride (new) 35 3 592
Zolpidem Tartrate (new) 34 6 1487
Zolpidem Tartrate Extended-Release Tablets (new) 35 3 595
Zolpidem Tartrate Tablets (new) 35 4 883
Zonisamide (new) 34 6 1489

Dietary Supplements Monographs
Acesulfame Potassium—Packaging and storage (add),

Limit of fluoride
31 3 811

N-Acetyltyrosine (new) 35 1 107
Andrographis (new) 35 5 1183
Powdered Andrographis (new) 35 5 1184
Powdered Andrographis Extract (new) 35 5 1186
Ashwagandha (new) 35 4 885
Powdered Ashwagandha (new) 35 4 886
Powdered Ashwagandha Extract (new) 35 4 888
Boswellia Serrata (new) 35 4 890
Boswellia Serrata Extract (new) 35 4 891
Calcium with Vitamin D Tablets—Disintegration and Dissolution of

Dietary Supplements
35 6 1486

Calcium and Vitamin D with Minerals Tablets—
Assay for calcium; Assay for copper;
Assay for magnesium; Assay for manganese;
Assay for zinc; Assay for calcium, copper, magnesium,
manganese, and zinc, Method 2 (add)

34 6 1491

Crypthecodinium cohnii Oil (new) 35 4 892
Crypthecodinium cohnii Oil Capsules (new) 35 5 1187
Grape Seeds Oligomeric Proanthocyanidins (new) 34 3 659
Maleic Acid—Identification 31 3 815
Maltose—Water 31 3 815
Minerals Capsules—Definition, Assay for calcium;

Assay for chromium; Assay for iron;
Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1493

Minerals Tablets—Definition, Assay for calcium; Assay for chromium;
Assay for copper; Assay for iron; Assay for magnesium;
Assay for manganese; Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1495

Olive Oil—Definition, Labeling (add), Teaseed oil 31 3 815
Omega-3 Acid Ethyl Esters (new) 35 5 1190
Phenoxyethanol—Chromatographic purity, Assay 31 3 816
Polyethylene Glycol (new)—Harmonization 31 3 897
Polyoxyl 10 Oleyl Ether—Free ethylene oxide 31 3 816
Polyoxyl 20 Oleyl Cetostearyl Ether—Free ethylene oxide 31 3 817
Schizochytrium Oil (new) 35 4 894
Schizochytrium Oil Capsules (new) 35 5 1192
Sodium Benzoate—USP Reference standards (add),

Identification
31 3 818

Sucrose (new)—Harmonization 31 3 902
Sugar Spheres—Identification, Specific rotation 31 3 819
Tagatose (new) 31 3 819
Thymol—USP Reference standards (add), Identification 31 3 821
Tumeric (new) 33 6 1229
Powdered Tumeric (new) 33 6 1232
Powdered Tumeric Extract (new) 33 6 1232
Ubidecarenone—USP Reference standards, Assay 31 1 86
Valerian Capsules (new) 27 1 1825
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PF Volume, Issue, and Page Numbers of Pending Propo-
sals

Title and Proposal Vol. No. Page(s)

Vinpocetine (new) 35 5 1195
Vitamin A Oral Liquid Preparation (new) 35 3 596
Oil- and Water-Soluble Vitamins with Minerals Capsules—Definition,

Assay for calcium; Assay for chromium; Assay for copper;
Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1499

Oil- and Water-Soluble Vitamins with Minerals Tablets—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1500

Water-Soluble Vitamins with Minerals Capsules—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1505

Water-Soluble Vitamins with Minerals Tablets—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1507

Xanthan Gum—Assay 31 3 821
Zinc Gluconate Tablets (new) 35 3 597

USP General Test Chapters
h1i Injections—Ingredients, Packaging—Labeling on Ferrules and

Cap Overseals (delayed date to May 1, 2010); Foreign and
Particulate Matter

35 5 1214

h3i Topical and Transdermal Drug Products—Product Quality
Tests (new)

35 3 602

h11i USP Reference Standards 31 6 1680
32 4 1161
33 1 95
33 5 981
34 3 680
34 4 1021
34 5 1230
34 6 1531
35 1 144
35 2 330
35 3 612
35 4 913
35 5 1217

h11i USP Reference Standards (entire chapter revised) 35 6 1507
h11i USP Reference Standards—Stage 6 Harmonization 35 4 1022
h41i Weights and Balances—Introduction, Repeatability,

Verification of Accuracy, Calibration Check
35 2 331

h63i Mycoplasma Tests (new) 35 1 146
h90i Fetal Bovine Serum—Quality Attributes and

Functionality Tests (new)
35 5 1219

h92i Growth Factors and Cytokines Used in Cell Therapy
Manufacturing (new)

35 4 915

h111i Design and Analysis of Biological Assays (entire chapter re-
vised)

34 3 685

h121i Insulin Assays—Appendix (add) 30 5 1675
h223i Dimethylaniline—Chromatographic System, Procedure 35 1 156
h228i Ethylene Oxide and Dioxane (new) 35 4 917
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Propo-
sals

Title and Proposal Vol. No. Page(s)

h231i Heavy Metals—Method II 32 1 182
h331i Amphetamine Assay (delete entire chapter) 35 4 920
h345i Assay for Citric Acid/Citrate and Phosphate (new) 31 2 514
h381i Elastomeric Closures for Injections—Introduction 35 5 1225
h413i Impurities Testing in Medical Gases (new) 35 4 920
h415i Medical Gases Assay (new) 35 4 921
h467i Residual Solvents—Identification, Control, and Quantification

of Residual Solvents
35 2 334

h521i Sulfonamides (entire chapter deleted) 35 6 1515
h525i Sulfur Dioxide—Method IV (add), Method V (add) 35 2 341
h621i Chromatography (entire chapter revised) 35 6 1516
h645i Water Conductivity—Introduction, Instrument Specifications

and Operating Parameters, Bulk Water, Packaged Water
35 5 1226

h670i Containers—Auxiliary Packaging Components (new) 34 6 1533
h725i Topical and Transdermal Drug Products—Product Perfor-
mance

Tests (new)

35 3 615

h729i Globule Size Distribution in Lipid Injectable Emulsions—
Method II—Measurement of Large Globule Content by Light
Obscuration or Extinction Method

35 3 626

h741i Melting Range or Temperature—Introduction;
Procedure for Class I, Apparatus II; Procedure for Class Ia,
Apparatus II (add); Procedure for Class Ib, Apparatus II (add)

35 4 925

h788i Particulate Matter in Injections—Introduction 35 3 628
h795i Pharmaceutical Compounding—Nonsterile Preparations

(entire chapter revised)
35 4 926

h797i Pharmaceutical Compounding—Sterile Preparations—
Environmental Monitoring (add)

32 3 852

h857i Ultraviolet-Visible Spectroscopy (new) 34 5 1282
h911i Viscosity (entire chapter revised) 34 6 1536
h912i Non-Newtonian Rheology (new) 34 6 1541
h921i Water Determination—Method I (Titrimetric) 35 2 346

General Information Chapters
h1024i Bovine Serum (new) 35 3 628
h1033i Biological Assay Validation (new) 35 2 349
h1059i Excipient Performance (new) 35 5 1228
h1066i Physical Environments that Promote Safe Medication

Use (new)
34 6 1549

h1072i Disinfectants and Antiseptics—Classification of Disinfectants,
Selection of a Disinfectant for Use in a Pharmaceutical Manufacturing
Environment, Theoretical Discussion of Disinfectant Activity,
Mechanism of Disinfectant Activity, Microbial Resistance to
Disinfectants, Disinfectant Challenge Testing, Disinfectants

in a Cleaning and Sanitization Program

35 5 1250

h1075i Good Compounding Practices (delete entire chapter) 35 4 942
h1082i Genotoxicity Testing (new) 30 1 264
h1086i Impurities in Official Articles—Introduction, Initial IND Filing

(delete), Drug Substance (add), NDA Filing (delete),
Drug Product (add), Post-NDA Approval (delete),
ANDA Filing (delete), Definitions

35 5 1254

h1097i Bulk Powder Sampling Procedures (new) 35 2 367
h1113i Microbial Identification (new) 35 1 167
h1117i Microbiological Best Laboratory Practices—

Introduction, Media Preparation and Quality Control,
Maintenance of Microbiological Cultures, Maintenance of
Laboratory Equipment, Laboratory Layout and Operations,
Sample Handling (add), Microbiological Media
Incubation Times (add), Training of Personnel, Laboratory
Resources (add), Documentation, Maintenance of
Laboratory Records, Interpretation of Assay Results

35 4 945

h1121i Nomenclature—Monograph Naming Policy for Salt Drug
Substances in Drug Products and Compounded Preparations

35 6 1529

h1151i Pharmaceutical Dosage Forms (entire chapter revised) 35 5 1260
h1160i Pharmaceutical Calculations in Prescription

Compounding—Basic Pharmaceutical Calculations
31 3 847

h1180i Human Plasma (new) 35 2 388
h1211i Sterilization and Sterility Assurance of Compendial Articles—

Introduction; Methods of Sterilization; Sterility Testing of Lots;
Performance, Observation, and Interpretation (delete)

35 4 952
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PF Volume, Issue, and Page Numbers of Pending Propo-
sals

Title and Proposal Vol. No. Page(s)

h1225i Validation of Compendial Procedures—Validation 35 2 444
h1230i Water for Health Applications—Water for Hemodialysis,

Microbial Considerations
35 6 1531

h1231i Water for Pharmaceutical Purposes—Introduction,
Types of Water, Chemical Considerations

35 5 1310

h1232i Instrumentation for Analysis of High Purity Pharmaceutical
Waters (new)

30 5 1806

h1235i Vaccines for Human Use—General Considerations (new) 35 4 960
h1788i Methods for the Determination of Particulate Matter in

Parenteral Injections and Ophthalmic Solutions (new)
35 6 1533

Dietary Supplements Chapters
h2030i Supplemental Information for Articles of Botanical Origin—

Protocol Contents, Supplemental Information and General Guidance
Protocols

35 6 1551

h2040i Disintegration and Dissolution of Dietary Supplements—
Disintegration, Dissolution

35 6 1561

h2750i Manufacturing Practices for Dietary Supplements—
Introduction (delete); General Provisions (add); Organization and
Personnel; Grounds, Buildings, and Facilities; Equipment;
Raw Materials, Product Containers, and Closures; Production and
Process Controls; Labeling and Packaging; Quality Control
Operations; Records and Reports; Returned and Salvaged Products;
Glossary

35 5 1319

Reagents, Indicators, and Solutions
Reagents, Indicators, and Solutions—Introduction 35 1 176
Alcohol 35 1 177
Ammonium Bicarbonate (new) 35 6 1567
Ammonium Molybdate 35 1 177
t-Butylthiol (new) 35 3 648
Calcium Acetate 35 4 990
2-Chloroethanol (new) 35 6 1567
Chromotropic Acid 35 1 177
Chromotropic Acid Disodium Salt 35 1 177
Alpha-Chymotrypsin (new) 35 6 1567
Cobalt Chloride 35 5 1339
Cobalt Nitrate 35 3 648
Diaveridine 35 3 648
1,3-Dicaffeoylquinic Acid (new) 35 4 990
4’4-Dipyridyl Dihydrochloride 33 5 1047
Glycolic Acid 35 6 1567
Heptyl p-Hydroxybenzoate (new) 35 2 460
Lead Acetate Cotton (new) 35 6 1568
Mercuric Bromide Test Paper 35 6 1568
Methyl Red 35 4 990
p-Naphtholbenzein 35 3 648
Nitrogen Certified Standard (new) 35 4 990
Oxygen Certified Standard (new) 35 5 1339
93.0% Oxygen Certified Standard (new) 35 4 991
Oxygen in Nitrogen Certified Standard (new) 35 4 991
3.0% Oxygen in Nitrogen Certified Standard (new) 35 4 991
21.0% Oxygen in Nitrogen Certified Standard (new) 35 4 991
Oxygen–Helium Certified Standard (delete) 35 4 991
Pectate Lysate (new) 35 2 460
Phosphorous Acid (new) 35 1 178
Potassium Arsenate Monobasic (new) 35 6 1568
Potassium Metabisulfite (new) 35 1 178
Potassium Sodium Tartrate 35 1 178
Sodium Acetate 35 2 461
Sodium Biphenyl 35 3 648
Stannous Chloride 35 3 649
Sulfuric Acid, Nitrogen Free (new) 35 3 649
Tetramethylbenzidine (new) 35 5 1339
Delta-8-tetrahydrocannabinol (new) 35 4 991
Zinc, Activated (new) 35 6 1568

Test Solutions
Acetic Acid, Glacial, TS 35 1 179
Denatured Alcoholic TS (new) 35 1 179
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(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Propo-
sals

Title and Proposal Vol. No. Page(s)

Cupric Citrate TS 2, Alkaline 35 1 179
Lead Subacetate TS 35 5 1339
Dibasic Sodium Phosphate TS 35 3 649
Starch TS 35 5 1340

Volumetric Solutions
Hydrochloric Acid, Normal (1 N) 35 1 180
Hydrochloric Acid, Half-Normal (0.5 N) 35 1 180
Hydrochloric Acid, Half-Normal (0.5 N) in Methanol 35 1 180
Perchloric Acid, Tenth-Normal (0.1 N) in Dioxane 35 1 180
Perchloric Acid, Tenth-Normal (0.1 N) in Glacial Acetic Acid 35 1 181

Chromatographc Columns
Chromatographic Columns—Packings 35 1 182
L## (Emtricitabine, Chirobiotic V) (new) 35 5 1340

Reference Tables
Container Specifications for Capsules and Tablets 35 6 1569
Description and Solubility 29 1 266

34 3 817
34 4 1046
34 6 1565
35 1 188
35 2 464
35 3 651
35 4 993
35 5 1343
35 6 1571

Description and Solubility—Stage 6 Harmonization 35 4 1022
Atomic Weights—Standard Atomic Weights of the Elements 35 1 189

Excipients
USP and NF Excipients, Listed by Category 35 6 1488
USP and NF Excipients, Listed by Category—Stage 6 Harmonization 35 4 1017

NF General Notices and Requirements—Title (delete),
‘‘Official’’ and ‘‘Official Articles’’ (delete),
Storage under Nonspecific Conditions (delete),
Other General Notices (delete)

34 1 119

NF Monographs
Acetyltributyl Citrate—Assay, Acidity 35 6 1495
Agar—CAS number (add), Definition, Botanic characteristics,

Packaging and storage (add), USP Reference standards (add),
Identification, Microbial limits, Limit of foreign insoluble matter

33 4 702

Alpha-Lactalbumin (new) 34 3 670
Amylene Hydrate—Identification A, B, C (delete) 35 4 903
Benzalkonium Chloride—Identification A, Assay—Procedure 1,

Procedure 2, Organic Impurities—Procedure 1, Procedure 2,
USP Reference Standards

35 6 1496

Benzalkonium Chloride Solution—Definition, Identification A, D
(add),

Assay—Procedure 1, Procedure 2, Alcohol Content (add),
Organic Impurities—Procedure 1 (add), Procedure 2 (add),
Acidity or Alkalinity (add), Alcohol Determination (delete),
Limit of Foreign Amines (delete), Labeling (add),
USP Reference Standards

35 6 1499

Butylated Hydroxyanisole—Identification A, B (add), Assay 35 6 1503
Butyl Stearate (new) 35 6 1502
Calcium Propionate (new) 34 6 1517
Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium (new) 34 6 1519
Chitosan (new) 35 1 115
Corn Syrup (new) 33 6 1240
Cystine (new) 35 1 122
Desoxycholic Acid (new) 34 6 1523
Diethyl Sebacate (new) 35 5 1203
Egg Phospholipids (new) 33 4 703
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion—

Viscosity, Coagulum content
35 1 123

Ethylene Glycol and Vinyl Alcohol Graft Copolymer (new) 35 2 324
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PF Volume, Issue, and Page Numbers of Pending Propo-
sals

Title and Proposal Vol. No. Page(s)

Fumaric Acid—Identification 35 3 598
L-Glutamic Acid, Hydrochloride (new) 35 5 1203
Hydrogenated Polydecene (new) 33 3 485
Hydroxypropyl Cellulose—Identification 35 1 124
Hydroxypropyl Cellulose (new)—Stage 4 Harmonization 35 3 672
Lactobionic Acid (new) 35 4 904
Anhydrous Lactose—Stage 4 Harmonization 35 4 1013
Methacrylic Acid Copolymer—Title change, Chemical information

(add), Definition, Identification B, Assay, Organic
Impurities—Procedure: Limit of Monomers, Viscosity,
Packaging and Storage, Labeling

35 4 905

Methacrylic Acid and Ethyl Acrylate Copolymer (new) 35 4 907
Partially-Neutralized Methacrylic Acid and Ethyl Acrylate

Copolymer (new)
35 5 1204

Methacrylic Acid and Methyl Methacrylate Copolymer (new) 35 4 909
Methylacrylic Acid Copolymer Dispersion—Packaging and storage,

Viscosity, Limit of monomers, Coagulum content
35 1 124

Methylpyrrolidone (new) 35 5 1205
Light Mineral Oil—Neutrality 33 5 972
Nitrogen—Identification; Assay; Inorganic Impurities—

Carbon Monoxide, Limit of Oxygen; Odor; Packaging and
Storage; Labeling

35 4 910

Nitrogen 97 Percent—Definition; Identification; Assay; Inorganic
Impurities—Carbon Dioxide, Carbon Monoxide, Sulfur Dioxide,
Limit of Nitric Oxide and Nitrogen Dioxide; Packaging and Storage

35 4 911

Olive Oil—CAS number (add), Definition, Packaging and storage,
Identification (add), Fatty acid composition (add), Specific gravity
(delete), Cottonseed oil (delete), Peanut oil (delete), Sesame oil
(delete), Teaseed oil (delete), Absence of sesame oil (add),
Solidification range of fatty acids (delete), Free fatty acids (delete),
Acid value (add), Peroxide value (add), Unsaponifiable matter
(add), Specific absorbance (add), Iodine value (delete),
Saponification value (delete), Water (add), Alkaline impurities (add),
Sterol composition (add)

35 1 126

Peanut Oil—CAS number (add), Definition, Labeling (add),
Identification, Specific gravity (delete), Cottonseed oil (delete),
Solidification range of fatty acids (delete), Free fatty acids (delete),
Acid value (add), Peroxide value (add), Iodine value (delete),
Saponification value (delete), Refractive index (delete),
Heavy metals, Water (add), Alkaline impurities (add),
Other requirements (add)

34 6 1525

Poloxamer—Packaging and storage, USP Reference standards (add),
Identification (add), Limit of free ethylene oxide, propylene
oxide, and 1,4-dioxane

33 4 714

Polydextrose—Assay, Organic Impurities—Procedure 2: Limit of
Monomers, Molecular Weight Limit, USP Reference Standards

35 5 1206

Hydrogenated Polydextrose (new) 35 5 1210
Polyoxyl 15 Hydroxystearate (new) 35 1 128
Polyoxyl Stearyl Ether—Chemical information, Identification C (add),

Organic Impurities, USP Reference Standards
35 6 1504

Polypropylene Glycol Monolaurate—USP Reference standards,
Identification

34 1 140

Polyvinyl Acetate (new) 34 6 1526
Polyvinyl Acetate Dispersion (new) 35 1 134
Propylene Glycol Dilaurate—Chemical information, Identification A,

Assay
35 3 599

Hydrogenated Starch Hydrolysate (new) 35 1 136
Sucrose Palmitate (new) 35 2 326
Sucrose Stearate (new) 35 2 328
Tagatose (new) 30 5 1672
Tartaric Acid—Identification B, USP Reference Standards (add) 35 5 1212
Tetrafluoroethane (new) 31 6 1672
Triethyl Citrate—Assay, Acidity 35 6 1505
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



Proposed Revisions and New Text Previously Presented in PF but Now Canceled
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 36(1)–PF 36(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
{Cyclosporine Capsules—Where Capsules contain liquid

and are not labeled as modified, Where Capsules are labeled
as modified

27 4 2721

{Estradiol Transdermal System—Drug release (add) 33 2 225
{Ethinyl Estradiol Tablets—Dissolution (add) 31 4 1067
{Heparin Sodium (entire submission) 33 3 238
{Mirtazapine Orally Disintegrating Tablets—Related

compounds (add)
33 6 1189

{Permethrin Cream (entire submission) 32 4 1102
{Tromethamine—Melting Range or Temperature 35 2 316

USP General Test Chapters
{h197i Spectrophotometric Identification Tests

(entire submission)
35 1 152

{h851i Spectrophotometry and Light-Scattering
(entire submission)

35 1 157

{h853i Fluorescence Spectroscopy (entire submission) 34 5 1252
{h854i Mid-Infrared Spectroscopy (entire submission) 34 5 1266
{h857i Ultraviolet-Visible Spectroscopy (entire submission) 34 5 1282
{h921i Water Determination (entire submission) 34 3 761

USP General Information Chapters
{h1251i Weighing on an Analytical Balance

(entire submission)
33 4 756

{h1251i Weighing on an Analytical Balance—Introduction,
Qualification, Operation of the Analytical Balance

35 2 448

{h1251i Weighing on an Analytical Balance—Introduction 34 3 798

NF Monographs
{Benzyl Alcohol (entire submission) 35 3 685

{New cancellations in PF 36(1).

In-P
rocess

R
evision

#2010 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 36(1) [Jan.–Feb. 2010] IN-PROCESS REVISION 285



In
-P

ro
ce

ss
R

ev
is

io
n



STAGE 4 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). Stage
4 drafts are available for comments. Below are descriptions of the developmental Stages as defined by the United States
Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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GENERAL CHAPTERS

General Tests and Assays

Physical Tests and
Determinations

BRIEFING

h891i Thermal Analysis, USP 32 page 380 and page 4154
of the Second Supplement. The European Pharmacopoeia is the
coordinating pharmacopeia for the international harmoniza-
tion of the compendial standards for general chapter h891i
Thermal Analysis, as part of the process of international harmo-
nization of monographs and general analytical methods of the
European, Japanese, and United States pharmacopeias. The fol-
lowing document, which represents the revised OFFICIAL IN-
QUIRY STAGE 4 document, is based in part on comments
from the Japanese Pharmacopoeia and the United States Phar-
macopeia.

(PW: A. Hernandez-Cardoso.) RTS—C77078

Add the following:

h891i THERMAL ANALYSIS

INTRODUCTION

Thermal analysis is a group of techniques in which the

variation of a physical property of a substance is mea-

sured as a function of temperature. The most commonly

used techniques are those which measure changes of

mass or changes in energy of a sample of a substance.

These techniques have different applications:

— determination of phase changes,

— determination of changes in chemical composition,

— determination of purity.

THERMOGRAVIMETRY

Thermogravimetry is a technique in which the mass of

a sample of a substance is recorded as a function of tem-

perature according to a controlled temperature pro-

gram.

Apparatus. The essential components of a thermo-

balance are a device for heating or cooling the substance

according to a given temperature program, a sample

holder in a controlled atmosphere, an electrobalance,

and a recorder.

Temperature Verification. The temperature sensor

close to or in contact with the sample is verified using

certified reference materials such as indium, tin, or zinc.

The Curie temperature of a ferromagnetic substance

such as nickel may also be used for temperature calibra-

tion, based on the occurrence of an apparent mass

change at the Curie point. In the case of an apparatus

capable of simultaneously conducting differential scan-

ning calorimetry (DSC) and differential thermal analysis

(DTA), the same certified reference materials as those

for DSC and DTA may be used.

Verification of the Electrobalance. Place an appro-

priate quantity of a suitable certified reference material

(for example, calcium oxalate monohydrate) in the sam-

ple holder and record the mass. Set the heating rate ac-

cording to the manufacturer’s instructions (e.g. 5 8C/

min) and start the temperature increase. Record the ther-

mogravimetric curve as a graph with temperature, or

time, on the abscissa, increasing from left to right, and

mass on the ordinate, decreasing downwards. Stop the

temperature increase at about 250 8C. Measure the dif-

ference on the graph between the initial and final mass–

temperature plateaus, or mass–time plateaus, which cor-

responds to the loss of mass. The declared loss of mass for

the certified reference material is stated on the label.
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Method. Apply the same procedure to the substance to

be examined, using the conditions prescribed in the

monograph. Calculate the loss of mass of the substance

to be examined from the difference measured in the

graph obtained. Express the loss of mass as D m/m (%).

If the apparatus is in frequent use, carry out tempera-

ture verification and calibration regularly. Otherwise, car-

ry out such checks before each measurement.

Because the conditions are critical, the following par-

ameters are noted for each measurement: pressure or

flow rate, composition of the gas, sample size, heating

rate, temperature range, sample pretreatment including

any isothermal stage, and inert gas atmosphere with flow

rate.

DIFFERENTIAL SCANNING CALORIMETRY

DSC is a technique that can be used to demonstrate

the energy phenomena produced during heating (or

cooling) of a substance (or a mixture of substances),

and to determine the changes in enthalpy and specific

heat and the temperatures at which these occur.

The technique is used to determine the difference in

heat flow (with reference to the temperature) evolved

or absorbed by the test sample compared with the refer-

ence cell, as a function of the temperature. Two types of

DSC apparatuses are available: those using power com-

pensation to maintain a null temperature difference be-

tween sample and reference, and those that apply a

constant rate of heating and detect temperature differ-

ential as a difference in heat flow between sample and

reference.

Apparatus. The apparatus for the power compensation

DSC consists of a furnace containing a sample holder

with a reference cell and a test cell. The apparatus for

the heat flow DSC consists of a furnace containing a sin-

gle cell with a sample holder for the reference crucible

and the test crucible.

A temperature-programming device, thermal detec-

tor(s), and a recording system which can be connected

to a computer are attached. The measurements are car-

ried out under a controlled atmosphere.

Calibration of the Apparatus. Calibrate the appara-

tus for temperature and enthalpy change, using suitable

certified materials, according to the manufacturer’s in-

structions.

Temperature calibration. It can be performed using certi-

fied reference materials having an intrinsic thermal prop-

erty, such as melting point of pure metals or organic

substances, or phase transition point of crystalline inor-

ganic salts or oxides. Melting points of indium and/or

tin are usually employed for calibration.

Heat-quantity calibration. For accurate estimation of a

quantity of heat change (enthalpic change) of a test sam-

ple, caused by a certain physical change accompanying a

temperature change, it is necessary to calibrate the appa-

ratus using suitable certified reference materials. Similarly

to temperature calibration, heat-quantity calibration

may be performed using suitable certified reference ma-

terials showing a known definite enthalpic change

caused by physical changes, such as melting of pure met-

als and/or organic substances, or phase transition of crys-

talline inorganic salts. Melting points of indium and/or

tin are usually employed for calibration.

Operating Procedure. Weigh in a suitable crucible an

appropriate quantity of the substance to be examined,

and place it in the sample holder. Set the initial and final

temperatures, and the heating rate according to the op-

erating conditions prescribed in the monograph.

Begin the analysis and record the differential scanning

calorimetric curve, with the temperature or time on the

abscissa (values increasing from left to right) and the en-

ergy change on the ordinate (specify whether the

change is endothermic or exothermic).
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The temperature at which the phenomenon occurs

(the onset temperature) corresponds to the intersection

(A) of the extension of the baseline with the tangent at

the point of greatest slope (inflection point) of the curve

(see Figure 1). The end of the thermal phenomenon is in-

dicated by the peak of the curve.

Fig. 1. Thermogram

The enthalpy of the phenomenon is proportional to

the area under the curve limited by the baseline; the pro-

portionality factor is determined from the measurement

of the heat of fusion of a known substance (e.g., indium)

under the same operating conditions.

Each thermogram may be accompanied by the follow-

ing data: conditions employed; record of last calibration;

sample size and identification (including thermal histo-

ry); container; atmosphere (identity, flow rate, and pres-

sure); direction and rate of temperature change; and

instrument and recorder sensitivity.

Applications

Phase changes. Determination of the temperature, heat

capacity change, and enthalpy of phase changes under-

gone by a substance as a function of temperature.

Solid—solid transition Allotropy—polymorphism

Glass transition

Desolvation

Amorphous—crystalline

Solid—liquid transition Melting

Solid—gas transition Sublimation

Liquid—solid transition Freezing

Recrystallization

Liquid—gas transition Evaporation

Changes in chemical composition. Measurement of heat

and temperatures of reaction under given experimental

conditions, so that, for example, the kinetics of decom-

position or of desolvation can be determined.

Application to phase diagrams. Establishment of phase di-

agrams for solid mixtures. The establishment of a phase

diagram may be an important step in the preformulation

and optimization of the freeze-drying process.

Determination of purity. The measurement of the heat of

fusion and the melting point by DSC enables the impuri-

ty content of a substance to be determined from a single

thermal diagram, requiring the use of only a few milli-

grams of sample with no need for repeated accurate

measurements of the true temperature.

In theory, the melting of an entirely crystalline, pure

substance at constant pressure is characterized by a heat

of fusion DHf in an infinitely narrow range, corresponding

to the melting point T0. A broadening of this range is a

sensitive indicator of impurities. Hence, samples of the

same substance, whose impurity contents vary by a few

tenths of a percent, give thermal diagrams that are visu-

ally distinct (see Figure 2).

Pharmacopeial Forum
Vol. 36(1) [Jan.–Feb. 2010] STAGE 4 HARMONIZATION 291

#2010 The United States Pharmacopeial Convention All Rights Reserved.

S
tage

4
H

arm
onization



Fig. 2. Thermal diagrams according to purity

The determination of the molar purity by DSC is based

on the use of a mathematical approximation of the inte-

grated form of the van’t Hoff equation applied to the

concentrations (not the activities) in a binary system

[1n(1 – x2) = –x2 and T 6 T0 = T0
2] :

T = T0 – RT0
2/DHf 6 x2

x2 = mole fraction of the impurity, i.e., the number of

molecules of the impurity divided by the total number

of molecules in the liquid phase (or molten phase) at

temperature T (kelvins)

T0 = melting point of the chemically pure substance (kel-

vins)

DHf = molar heat of fusion of the substance (joules)

R = gas constant for ideal gases (joules � kelvin–1 �mole–1)

Hence, the determination of purity by DSC is limited to

the detection of impurities forming a eutectic mixture

with the principal compound and present at a mole frac-

tion of typically less than 2% in the substance to be ex-

amined.

This method cannot be applied to:

— amorphous substances,

— solvates or polymorphic compounds that are unsta-

ble within the experimental temperature range,

— impurities forming solid solutions with the principal

substance, or

— impurities that are insoluble in the liquid phase or in

the melt of the principal substance.

During the heating of the substance to be examined,

the impurity melts completely at the eutectic tempera-

ture. Above this temperature, the solid phase contains

only the pure substance. As the temperature increases

progressively from the eutectic temperature to the melt-

ing point of the pure substance, the mole fraction of im-

purity in the liquid decreases, because the quantity of

liquefied pure substance increases. For all temperatures

above the eutectic point:

x2 = 1/F 6 x2
*

F = molten fraction of the analyzed sample

x2
* = mole fraction of the impurity in the analyzed sample

When the entire sample has melted, F = 1 and x2 = x2
*.

If equation (2) is combined with equation (1), the fol-

lowing equation is obtained:

T = T0 – x2
*RT0

2/DHf 6 1/F

The value of the heat of fusion is obtained by integrat-

ing the melting peak.

The melting point T0 of the pure substance is extrapo-

lated from the plot of 1/F versus the temperature ex-

pressed in kelvins. The slope a of the curve, obtained

after linearization, if necessary, corresponding to RT0
2 �

x2
*/DHf allows x2

* to be evaluated.

The fraction x2
* multiplied by 100 gives the mole frac-

tion in percent for the total eutectic impurities.
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STAGE 6 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). This
section includes Stage 6 adopted text which is provided for information. USP cannot incorporate public comments at
Stage 6 without consulting PDG partners. Below are descriptions of the developmental Stages as defined by the United
States Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an
Expert Committee publishes an article on which they are specifically seeking comment, this will be clearly stated in the
article. Readers may submit comments on issues raised in this section, but comment is not as critical as that for the In-
Process Revision section. Readers interested in submitting comments should see Instructions to Authors.
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other
commentaries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Phar-
macopeial Forum under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understand-
ing that they have not been published previously in any language or medium and that they are not simultaneously
under consideration by any other publication.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and
if accepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of
the USP Convention (USPC) and may not be subsequently published elsewhere without written permission from the
USPC. Authors are also responsible for obtaining permission for reprinting any illustrations that have been published
elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the
article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage
(numbers, abbreviations, etc.). For the latter, authors should use the current AMA Manual of Style or the current
ACS Style Guide. Authors may usefully consult a current copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of
Medicine’s Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer
examples of reference formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for
publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding
author. This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the
Scientific Liaison if they would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the
electronic file. Submit the text in Microsoft1 Word or another current word-processing application. The preferred
format for graphics submitted electronically is tagged image file format (TIFF). Photocopies are not acceptable.
Manuscripts submitted for publication should be addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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Elemental Impurities—Information

AJ DeStefano, K Zaidi,a TL Cecil, GI Giancaspro, and the USP Elemental Impurities Advisory Panelb

ABSTRACT This Stimuli article presents the toxicological and regulatory bases for the elemental impurities limits
specified in a proposed new USP–NF General Chapter. The article focuses on four metallic elements of known toxicity:
arsenic (As), cadmium (Cd), lead (Pb), and mercury (Hg). The Stimuli article presents literature studies, along with the
specific rationale for the proposed limits. This article also references the EMEA guidance on metal catalysts as a basis for
certain other elemental impurities and presents specific considerations regarding dietary supplement products.

INTRODUCTION

The objective of this Stimuli article is to provide ratio-
nale in support of safe limits for certain elemental impu-
rities in pharmaceuticals and dietary supplements. For
pharmacopeial purposes, elemental impurities are de-
fined as elements that are found in the environment or
that are used or introduced in the manufacture of drug
substances or excipients. The term elemental impurities is
adopted here as an alternative to the ill-defined term hea-
vy metals, and the highlighted elemental impurities in-
clude various transition metals and metalloids. In
addition to catalysts or reagents normally used in chem-
ical synthesis, sources of elemental impurities in pharma-
ceuticals could include minerals used in the manufacture
of excipients, container–closure systems, and other pro-
duct contact surfaces. Elemental impurities are those ele-
ments that are not completely removed by practical
manufacturing techniques and should be evaluated rela-
tive to safety-based limits.

The permissible daily exposure (PDE) values provided
for each highlighted elemental impurity have been
adopted from published evaluations by regulatory
bodies. USP has considered the rationale for reference
doses (RfDs) published by the US Environmental Protec-
tion Agency (EPA) (1) as well as PDEs listed in the Guide-
line on the Specification Limits for Residues of Metal
Catalysts or Metal Reagents (2). The EMEA guidance ac-
knowledges that ‘‘owing to wide variability of the nature,
quality, and quantity of toxicological data amongst the
metal elements of interest, it is not possible to employ
a totally consistent approach.’’ That is also the case for
the PDE rationale highlighted below. To that end, USP
will advise EMEA of inconsistencies, if any are found, in
the data.

METHODS FOR ESTABLISHING EXPOSURE LIMITS

The PDEs (mg/day) were derived from the most sensi-
tive toxicological endpoint using a standard set of as-
sumptions for the risk assessment:

� 10 g/day dose for drug products for calculation of
ppm limits

� 50-kg person for extrapolation from animal data on a
body weight-basis

� 70-year lifetime
� 10% bioavailability for extrapolation from the oral

PDE to the parenteral PDE.
Appropriate uncertainty factors were applied to the

lowest no observed adverse effect level (NOAEL) or low-
est observed adverse effect level (LOAEL). The applied
uncertainty factors span orders of magnitude and are
considered adequate to account for the proportion of
the total acceptable daily exposure attributable to drug
product relative to other sources of exposure (i.e., food,
water). Thus, adjustments for relative source contribu-
tion were not conducted.

CLASS 1 ELEMENTAL IMPURITIES

Arsenic (As)

Introduction
The natural abundance of arsenic in the Earth’s crust is

about 1.8 ppm. Arsenic will partly substitute for phos-
phorus in biochemical reactions. The largest worldwide
production of arsenic occurs in China. Arsenic is used in
glass production, light-emitting diodes, and many other
places.

Toxicokinetics: Absorption, Disposition, Metabo-
lism, and Excretion (ADME)

Water-soluble inorganic arsenic compounds are ab-
sorbed through the GI tract (> 90%) and lungs; are dis-
tributed primarily to the liver, kidney, lung, spleen, aorta,
and skin; and as much as 80% of a dose is excreted
mainly in the urine within 61 hours following oral dosing
(3–5). Pentavalent arsenic is reduced to the trivalent form
and then is methylated in the liver to less toxic methylar-
sinic acids (4).

Toxicological Effects
Acute oral toxicity is characterized by GI and neuro-

logical effects (6), and acute oral LD50 values range from
about 10 to 300 mg/kg (4, 7). Low subchronic doses

a Correspondance should be addressed to: Kahkashan Zaidi, PhD, Se-
nior Scientist, General Chapters, USPC, 12601 Twinbrook Parkway,
Rockville, MD 20856-1790; tel. 301.816.8269; e-mail kxz@usp.org.
b For a list of the members of the Advisory Panel please see the Appen-
dix.
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have resulted in immunosuppression, (8) and hepato-
renal effects (9–14). Chronic exposures have resulted in
mild hyperkeratosis and bile duct enlargement with hy-
perplasia, focal necrosis, and fibrosis (15, 16). Reduction
in litter size, high male/female birth ratios, and fetotoxi-
city without significant fetal abnormalities have occurred
following oral exposures (17–19). Parenteral dosing has
resulted in exencephaly, encephaloceles, skeletal defects,
and urogenital system abnormalities (20–23).

Human Toxicology

1. The data reported in these studies show an increased
incidence of blackfoot disease that increases with
age and dose. Blackfoot disease is a significant ad-
verse effect. The prevalences (males and females
combined) at the low dose are 4.6 per 1,000 for
the 20–39 year group, 10.5 per 1,000 for the 40–
59 year group, and 20.3 per 1000 for the > 60 year
group. Moreover, the prevalence of blackfoot dis-
ease in each age group increases with increasing
dose. However, a subsequent report indicates that
the disease may not be due strictly to arsenic expo-
sure (27). The data in Tseng et al. (25) also show in-
creased incidences of hyperpigmentation and
keratosis with age. The overall prevalences of hyper-
pigmentation and keratosis in the exposed groups
are 184 and 71 per 1000, respectively. The text
states that the incidence increases with dose, but
data for the individual doses are not shown. These
data show that the skin lesions are the more sensitive
endpoint. The low dose in the study is considered a
LOAEL.

2. The study by Cebrian et al. (28) shows an increase in
skin lesions, 22% (64/296) at the high dose vs 2.2%
(7/318) at the low dose in drinking water. The high
dose was 410 mg/L and the low dose was 5–7 mg/L.
For the dose estimates an average consumption of 3
L/day was used. No data are given regarding the ar-
senic exposure from food or the body weight of the
participants. The 2.2% incidence of skin lesions in
the low-dose group is higher than that reported in
the Tseng et al. (25) control group, but the dose is
lower (0.4 vs 0.8 mg/kg/day).

3. The study by Southwick et al. (29) shows a margin-
ally increased incidence of a variety of skin lesions
(palmar and plantar keratosis, diffuse palmar or plan-
tar hyperkeratosis, diffuse pigmentation) and arterial
insufficiency in individuals exposed to arsenic. Expo-
sure times are not clearly defined but are > 5 years,
and dose groups are ranges of exposure. The inci-
dence of skin lesions in this group is about the same
as in the low-dose group from the Cebrian et al. (28)
study. The incidence of abnormal nerve conduction
in the control group is higher than that from the low-
dose group in the Hindmarsh et al. (30) study de-
scribed below. The dosed group may or may not
be a LOAEL because the study does not report statis-
tically significant effects in the dosed group com-
pared to the control group.

4. This study (30) shows an increased incidence of ab-
normal clinical findings and abnormal electromyo-

graphic findings with increasing dose of arsenic.
However, the sample size is small. Percentages of ab-
normal clinical signs possibly attributed to As were
10%, 16%, and 40% at the low, middle, and high
doses, respectively. Abnormal EMGs were 0%,
17%, and 53% in the same three groups. The aver-
age arsenic concentration of the low-dose wells was
about 25 mg/L. The averages of the arsenic concen-
tration in the middle- and high-dose wells were 70
and 680 mg/L, respectively.

5. Following is a summary of the defined doses in mg/
kg/day from the principal and supporting studies:
(1) Tseng (24): NOAEL = 0.8; LOAEL = 14
(2) Cebrian et al. (28): NOAEL = 0.4; LOAEL = 22
(3) Southwick et al. (29): NOAEL = 0.9; LOAEL =

none (equivocal effects at 6)
(4) Hindmarsh et al. (30): NOAEL = 0.7; LOAEL = 19

(equivocal effects at 2)

An uncertainty factor of 3 is used to account for the
lack of data to preclude reproductive toxicity as a
critical effect and to determine whether the NOAEL
of the critical study accounts for all sensitive
individuals.

Regulatory Assessment
Both IARC and EPA classify inorganic arsenic as carcino-

genic to humans. The EPA RfD for chronic oral exposures,
0.3 mg/kg/day, is based on a NOAEL of 0.8 mg/kg/day
and a LOAEL of 14 mg/kg/day for hyperpigmentation,
keratosis, and possible vascular complications in a hu-
man population consuming arsenic-contaminated drink-
ing water. To address uncertainties in the data, EPA states
that ‘‘strong scientific arguments can be made for var-
ious values within a factor of 2 or 3 of the currently rec-
ommended RfD value.’’

Conclusions
Based on the similarity of the findings, the oral RfD of

arsenic is 0.3 mg/kg/day, and the recommended daily
oral dose of 15 mg is based on a 50 kg person. Based
on 10 g of drug product taken/day, a PDE of 1.5 mg/g
(ppm) is derived. Under the assumption that the oral
bioavailability is 10%, the parenteral PDE will be 1/10
of the oral PDE (i.e., 1.5 mg/day), resulting in an accepta-
ble limit of 0.15 ppm.

Oral PDE: 0.3 mg/kg/day
Oral Daily Dose PDE: 15 mg/day
Oral Component Limit: 1.5 mg/g (ppm)
Parenteral Component Limit: 0.15 ppm.

Cadmium (Cd)

Introduction
Cadmium is a naturally occurring metal that is used in

various chemical forms in metallurgical and other indus-
trial processes and in the production of pigments. Envi-
ronmental exposure can occur via the diet and drinking
water (31). It has an abundance of approximately 0.15
ppm in the Earth’s crust.
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Toxicokinetics (ADME)
Cadmium is absorbed more efficiently by the lungs

(30% to 60%) than by the GI tract, the latter being a sa-
turable process (32). Cadmium is transported in the
blood and is widely distributed in the body but accumu-
lates primarily in the liver and kidneys (33). Cadmium
burden (especially in the kidneys and liver) tends to in-
crease in a linear fashion up to about 50 or 60 years of
age, after which the body burden remains somewhat
constant. Metabolic transformations of cadmium are lim-
ited to its binding to protein and nonprotein sulfhydryl
groups and various macromolecules, such as metal-
lothionein, which is especially important in the kidneys
and liver (31). Cadmium is excreted primarily in the
urine.

Toxicological Effects
Acute oral exposures of 20–30 g have caused fatalities

in humans. Exposure to lower amounts may cause GI ir-
ritation, vomiting, abdominal pain, and diarrhea (31). An
asymptomatic period of one-half to one hour may pre-
cede the onset of clinical signs. Oral LD50 values in ani-
mals range from 63 to 1125 mg/kg, depending on the
cadmium compound (34). Longer term exposure to cad-
mium primarily affects the kidneys, resulting in tubular
proteinosis, although other conditions such as ‘‘itai-itai’’
disease may involve the skeletal system. Cadmium invol-
vement in hypertension is not fully understood (33).

Regulatory Assessment
A concentration of 200 mg Cd/g wet human renal cor-

tex is the highest renal level not associated with signifi-
cant proteinuria (35). A toxicokinetic model can help to
determine the level of chronic human oral exposure
(NOAEL) that results in 200 mg Cd/g wet human renal
cortex. The model assumes that 0.01% day of the Cd
body burden is eliminated per day (35). Assuming
2.5% absorption of Cd from food or 5% from water,
the toxicokinetic model predicts that the NOAEL for
chronic Cd exposure is 5 and 10 mg/kg/day from water
and food, respectively (i.e., levels that would result in 200
mg/g wet weight human renal cortex). Thus, based on an
estimated NOAEL of 5 mg/kg/day for Cd in drinking
water and an uncertainty factor (UF) of 10, an RfD of
0.5 mg/kg/day (water) was calculated. [NOTE: A UF of
10 is used to account for interhuman variability to the
toxicity of this chemical in the absence of specific data
about sensitive individuals.] An equivalent RfD for Cd in
food is 1 mg/kg/day. Both values reflect incorporation of a
UF of 10.

Using data from select environmental studies examin-
ing the relationship of urinary cadmium and the preva-
lence of elevated levels of biomarkers of renal function
ATSDR issued the provisional Minimal Risk Level (MRL)
for chronic cadmium exposure. The 95% lower confi-
dence limit of urinary cadmium dose corresponding to
the probability to exceed in 10% the risk of low molecu-
lar weight proteinuria has been estimated as 0.5 mg/g
creatinine, assuming accumulation over a 55-year peri-
od. This value corresponds to an intake of 0.33 mg/kg/

day in females, for which, applying a safety factor of 3
for human variability ATSDR has set the MRL to 0.1 mg/
kg/day.

Conclusions
Using the ATSDR MRL as the Oral PDE:

Oral PDE: 0.1 mg/kg/day.
Oral Daily Dose PDE: 5 mg oral per day.
Oral Component Limit: 0.5 mg/g (ppm)
Parenteral Component Limit: 0.05 ppm.

Lead (Pb)

Introduction
Lead occurs naturally as a sulfide in galena. It is a soft,

bluish-white, silvery gray, malleable metal with a melting
point of 327.58. Elemental lead reacts with hot boiling
acids and is attacked by pure water. The solubility of lead
salts in water varies from insoluble to soluble depending
on the type of salt (36–38). Lead is a natural element that
is persistent in water and soil. Most of the lead in the en-
vironment is from anthropogenic sources. The mean
concentration is 3.9 mg/L in surface water and 0.005
mg/L in sea water. River sediments contain about
20,000 mg/g, and coastal sediments contain about
100,000 mg/g. Soil content varies with the location, ran-
ging up to 30 mg/g in rural areas, 3,000 mg/g in urban
areas, and 20,000 mg/g near point sources. Human expo-
sure occurs primarily via diet, air, drinking water, and in-
gestion of dirt and paint chips (39–41).

Toxicokinetics (ADME)
The efficiency of lead absorption depends on the route

of exposure, age, and nutritional status. Adult humans
absorb about 10%–15% of ingested lead, but children
may absorb up to 50%, depending on whether lead is
in the diet, dirt, or paint chips. More than 90% of lead
particles deposited in the respiratory tract are absorbed
into systemic circulation. Inorganic lead is not efficiently
absorbed through the skin, and consequently this route
does not contribute considerably to the total body lead
burden (42). Lead absorbed into the body is distributed
to three major compartments: blood, soft tissue, and
bone. The largest compartment is the bone, which con-
tains about 95% of the total body lead burden in adults
and about 73% in children. The half-life of bone lead is
more than 20 years. The concentration of blood lead
changes rapidly with exposure and has a half-life of only
25–28 days. Blood lead is in equilibrium with lead in
bone and soft tissue. The soft tissues that take up lead
are liver, kidneys, brain, and muscle. Lead is not metabo-
lized in the body, but it may be conjugated with glu-
tathione and excreted primarily in the urine (40, 42,
43). Exposure to lead is evidenced by elevated blood lead
levels.

Toxicological Effects
The systemic toxic effects of lead in humans have been

well documented by EPA (42–48) and ATSDR (40), who
extensively reviewed and evaluated data reported in the
literature up to 1991. The evidence shows that lead is a
multitargeted toxicant, causing effects in the GI tract, he-
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matopoietic system, cardiovascular system, central and
peripheral nervous systems, kidneys, immune system,
and reproductive system. Overt symptoms of suben-
cephalopathic central nervous system (CNS) effects and
peripheral nerve damage occur at blood lead levels of
40–60 mg/dL, and nonovert symptoms, such as peripher-
al nerve dysfunction, occur at levels of 30–50 mg/dL in
adults. No clear threshold is evident. Cognitive and
neuropsychological deficits are not usually the focus of
studies in adults, but there is some evidence of neuro-
psychological impairment (49) and cognitive deficits in
lead workers with blood levels of 41–80 mg/dL (50).
Although similar effects occur in adults and children, chil-
dren are more sensitive to lead exposure than are adults.
Irreversible brain damage occurs at blood lead levels �
100 mg/dL in adults and at 80–100 mg/dL in children.
Death can occur at the same blood levels in children.
Children who survive these high levels of exposure suffer
permanent severe mental retardation.

Toxicology Studies
As discussed previously, neuropsychological impair-

ment and cognitive (IQ) deficits are sensitive indicators
of lead exposure. Both neuropsychological impairment
and IQ deficits have been the subject of cross-sectional
and longitudinal studies in children. One of the early
studies reported IQ score deficits of four points at blood
lead levels of 30–50 mg/dL and one to two points at levels
of 15–30 mg/dL (51).

Detailed longitudinal studies have been conducted on
children (starting at the time of birth) living in Port Pirie,
Australia (52–57), Cincinnati, Ohio (58–61), and Boston,
Massachusetts (62–67). Various measures of cognitive
performance have been assessed in these children. Stud-
ies of the Port Pirie children up to 7 years of age revealed
IQ deficits in 2-year-old children of 1.6 points for each
10-mg/dL increase in blood lead, deficits of 7.2 points
in 4-year-old children, and deficits of 4.4 to 5.3 points
in 7-year-old children as blood lead increased from 10
to 30 mg/dL. No significant neurobehavioral deficits were
noted for children, 5 years or younger, who lived in the
Cincinnati, Ohio, area. In 6.5-year-old children, perfor-
mance IQ was reduced by seven points in children whose
lifetime blood level exceeded 20 mg/dL. Because of the
large database on subclinical neurotoxic effects of lead
in children, only a few of the studies have been included.
EPA (42,48) concluded that there is no clear threshold for
neurotoxic effects of lead in children.

In adults, the cardiovascular system is a very sensitive
target for lead. Hypertension (elevated blood pressure) is
linked to lead exposure in occupationally exposed sub-
jects and in the general population. Three large popula-
tion-based studies have been conducted to study the
relationship between blood lead levels and high blood
pressure. The British Regional Heart Study (BRHS) (68),
the NHANES II study (48, 69–72), and Welsh Heart Pro-
gramme (73, 74) comprise the major studies for the gen-
eral population. The BRHS study showed that systolic
pressure greater than 160 mm Hg and diastolic pressure
greater than 100 mm Hg were associated with blood
lead levels greater than 37 mg/dL (68). An analysis of
9933 subjects in the NHANES study showed positive cor-

relations between blood pressure and blood lead among
12–74-year-old males but not females (69, 71), 40–59-
year-old white males with blood levels ranging from 7
to 34 mg/dL (70), and males and females greater than
20 years old (75). In addition, left ventricular hypertro-
phy was also positively associated with blood lead (75).
The Welsh study did not show an association among
men and women with blood lead of 12.4 and 9.6 mg/
dL, respectively (73, 74). Other smaller studies showed
both positive and negative results. EPA (48) concluded
that increased blood pressure is positively correlated with
blood lead levels in middle-aged men, possibly at con-
centrations as low as 7 mg/dL. In addition, EPA estimated
that systolic pressure is increased by 1.5–3.0 mm Hg in
males and 1.0–2.0 mm Hg in females for every doubling
of blood lead concentration.

Regulatory Assessment
EPA has not developed an RfD for lead because it ap-

pears that lead is a nonthreshold toxicant, and it is not
appropriate to develop RfDs for these types of toxicants.
However, a maximum contaminant action level for lead
of 15 mg/day was recommended for drinking water (40
CFR 141.80). In 2004, FDA set the maximum allowable
level for lead in bottled water at 5 mg/L. Assuming an
average water consumption of 2 L/day, the recom-
mended RfD is 10 mg/day.

Conclusions
Assuming that the lead in the drug product will be ab-

sorbed in a manner similar to that from water, the RfD
developed by FDA is used as the Oral Daily Dose PDE:

Oral PDE: 0.2 mg/kg/day
Oral Daily Dose PDE: 10 mg/day
Oral Component Limit: 1 mg/g (ppm)
Parenteral Component Limit: 0.1 ppm.

Mercury (Hg)

Introduction
Mercury is a naturally occurring element that exists in

multiple forms and in various oxidation states. It is used
in a wide variety of products and processes. In the envir-
onment, mercury may undergo transformations among
its various forms and among its oxidation states. Expo-
sure to mercury may occur in both occupational and en-
vironmental settings, the latter primarily involving
dietary exposure (76).

Toxicokinetics (ADME)
Mercury’s ADME depend on its form and oxidation

state (76, 77). Organic mercurials are more readily ab-
sorbed than are inorganic forms. An oxidation–reduction
cycle is involved in the metabolism of mercury and mer-
cury compounds by both animals and humans (76). The
urine and feces are the primary excretory routes. The
elimination half-life is 35 to 90 days for elemental mer-
cury and mercury vapor and about 40 days for inorganic
salts (77).
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Toxicological Effects
Ingestion of inorganic mercury salts may cause severe

GI irritation, renal failure, and death with acute lethal
doses in humans ranging from 1 to 4 g (76). Mercuric
(divalent) salts are usually more toxic than are mercurous
(monovalent) salts (77). Mercury is also known to induce
hypersensitivity reactions such as contact dermatitis and
acrodynia (pink disease) (78). Inhalation of mercury va-
por may cause irritation of the respiratory tract, renal dis-
orders, central nervous system effects characterized by
neurobehavioral changes, peripheral nervous system
toxicity, renal toxicity (immunologic glomerular disease),
and death (76).

Toxicology Studies
Toxicity resulting from subchronic and chronic expo-

sure to mercury and mercury compounds usually in-
volves the kidneys and/or nervous system. The specific
target and effect depend on the form of mercury (76).
Organic mercury, especially methyl mercury, rapidly en-
ters the central nervous system and results in behavioral
and neuromotor disorders (76, 77). The developing cen-
tral nervous system is especially sensitive to this effect, as
documented by the epidemiologic studies in Japan and
Iraq where ingestion of methyl mercury–contaminated
food resulted in severe toxicity and death in adults and
severe central nervous system effects in infants (79–82).
Blood mercury levels of < 10 mg/dL and 300 mg/dL corre-
sponded to mild effects and death, respectively (79). Ter-
atogenic effects due to organic or inorganic mercury
exposure do not appear to be well documented for hu-
mans or animals, although some evidence exists for mer-
cury-induced menstrual cycle disturbances and
spontaneous abortions (76, 80, 83).

A subchronic and chronic oral RfD of 0.1 mg/kg/day for
methyl mercury is based on a benchmark dose of 1.1 mg/
kg/day relative to neurologic developmental abnormal-
ities in human infants (1, 84). A subchronic and chronic
oral RfD of 0.3 mg/kg/day for mercuric chloride is based
on immunologic glomerulonephritis (1). A LOAEL of 0.63
mg Hg/kg/day for mercuric chloride was identified (85).
NOAELs were not available for oral exposure to inorganic
mercury or methyl mercury.

Regulatory Assessment
EPA’s existing RfD of 0.1 mg/kg/day is based on a

poisoning episode in Iraq. Results for two large epide-
miological studies in the Faroe Islands and Seychelles
Islands have become available since the 1995 IRIS entry.
The Faroe Islands study identified associations between
in utero methyl mercury exposure and deficits on a num-
ber of endpoints, as did the New Zealand study. In con-
trast, the Seychelles Islands study found little or no
evidence of impairment. These studies underwent a
comprehensive review by the National Research Council
(NRC) of the National Academy of Sciences, along with a
smaller study from New Zealand. NRC performed bench-
mark dose (BMD) analyses of a number of neuropsycho-
logical endpoints from each study. In the assessment
described here, EPA used the NRC analyses as the basis
for the derivation of an RfD for methyl mercury. Based
on BMD levels (lower limit on the BMD) for a number

of endpoints from the Faroe Islands study, as well as an
integrative analysis of all three studies, an RfD for 0.1
mg/kg/day was derived. This included a total uncertainty
factor of 10 for interhuman toxicokinetic and toxicody-
namic variables.

Conclusions
The presence of methyl mercury in drug products is

unlikely. Therefore, the EPA-recommended RfD for mer-
curic chloride is used as the Oral PDE.

Oral PDE: 0.3 mg/day
Oral Daily Dose PDE: 15 mg/day
Oral Component Limit: 1.5 mg/g (ppm)
Parenteral Component Limit: 0.15 ppm.

CLASS 2 ELEMENTAL IMPURITIES

The limits for Class 2 elemental impurities are those of
the EMEA Guideline on the Specification Limits for Residual
Metal Catalysts for Metal Reagents (2).

Dietary Supplement-Specific Issues

Dietary supplements are composed of dietary ingredi-
ents (herbs or other botanicals, minerals, amino acids, vi-
tamins, and other substances used by humans to
supplement the diet) plus other inert components used
in their composition. The dietary ingredients from natu-
ral sources are subject to contamination with elemental
impurities from water, air pollution, or soil and other agri-
cultural inputs. Processing procedures, such as extraction
of plant parts and purification, can result in concentra-
tion or dilution of the elemental contaminants. Dietary
substances of synthetic origin may also be contaminated
with elemental impurities that are derived from their
manufacturing processes (catalysts and residual re-
agents). Dietary ingredients of marine origin (such as fish
oil or algal products) can accumulate methyl mercury
chloride and cadmium, representing special cases. Limits
for such exceptional dietary ingredients should be ad-
dressed in their specific monographs. Speciation of ar-
senic and mercury is another issue of relevance for
dietary supplements.

Dietary supplements are regulated as a subset of foods
and limits for contaminants set for food items are appli-
cable. Major sources of exposure were considered at the
time of setting limits for dietary supplements, and these
sources include the environment, drinking water, and
food. Recent surveys of dietary supplement intakes (86)
were also taken in consideration to apply a safety factor
related to the number of dietary supplements taken by a
sizable portion of the population. Proposed limits for
dietary supplements were derived from the Provisional
Tolerable Weekly Intake (PTWI), which is recommended
by FAO/WHO. Average daily exposures (mg/day) of each
elemental contaminant from air, food, and drinking
water were subtracted from the PTWI. From the remain-
ing daily intake allowance, a range safety factor was used
to account for multiple dietary supplement intakes was
used to calculate the PDE for dietary supplements. With
this approach, the recommended limits are consistent
with the limits proposed in Chapter h232i for drugs and
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with the limits set by other organizations. (WHO herbal
drugs, EP herbal drugs, Health Canada for Natural Health
Products, and the American Herbal Products Association-
AHPA).
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Elemental Impurities—Comments and Responses

AJ DeStefano, K Zaidi,a TL Cecil, GI Giancaspro, and the USP Elemental Impurities Advisory Panelb

ABSTRACT In Pharmacopeial Forum (PF) 34(5) (September–October 2008) the Metal Impurities Advisory Panel of the
USP General Chapters Expert Committee presented a Stimuli to the Revision Process article that proposed a new General
Chapter to replace General Chapter Heavy Metals h231i. The new Chapter presented a table of elements that could be
limited and new approaches to evaluate those elements. Subsequently USPC initiated and participated in an Institute
of Medicine workshop and hosted a separate Heavy Metals Testing Methodologies workshop. These public
presentations and discussion forums yielded a large number of specific comments and suggestions from the
pharmaceutical and excipient industries as well as the toxicological and regulatory fields. The comments can be
broadly categorized into ten topics. This article presents a summary of these topics and the advisory panel’s
responses and approaches to incorporate the suggestions.

ELEMENTAL IMPURITIES RECOMMENDATIONS

Before presenting the comment topics and responses,
we present the Advisory Panel’s recommendations.
These recommendations include the development of
four new general chapters, two additional Stimuli articles,
and an implementation strategy that involves a General
Notices revision and a number of monograph revisions.

General Chapters

The General Chapter additions include: General Chap-
ter Elemental Impurities—Limits h232i, General Chapter
Elemental Impurities—Procedures h233i, General Chapter
Elemental Contaminants in Dietary Supplements h2232i,
and General Information Chapter Elemental Impurities—
Other Elements h1232i (the name of h1232i is subject
to change). The first three chapters are included in this
PF, and the General Informational Chapter will be devel-
oped over the course of the next few years.

General Chapter Elemental Impurities—Limits h232i: The
limits presented in this Chapter are based on in-depth re-
view of the toxicological literature and discussions invol-
ving several experts in metals toxicology. These limits are
based on documented toxicity and regulatory recom-
mendations and focus on the four most toxic and well-
understood metals (Pb, Hg, As, and Cd). The Chapter
also provides limits of metal catalysts that can be added
in the production of a drug substance or excipient. The
metal catalyst limits are the same as those published by
EMEA—with the exception of iron and zinc, which were
not included due to their low toxicity. This Chapter also
describes three separate options for determination of
compliance to the limits. These options are similar to
those presented in General Chapter Residual Solvents
h467i.

General Chapter Elemental Impurities—Procedures h233i:
The panel has determined that the procedures described
in General Chapter Heavy Metals h231i are inadequate to
provide the basis for control of the elements in h232i at
their proposed limits. Instead, this chapter details two
procedures and provides criteria for the approval of alter-
native procedures for the measurement of elemental im-
purities. The referee procedures, ICP-OES and ICP-MS
with closed-vessel microwave digestion, are described.
The choice of procedure, including the sample prepara-
tion and instrument parameters, are the responsibility of
the user. The performance criteria necessary to demon-
strate that an alternative procedure is equivalent to the
referee procedures for quantitative determinations are
described.

General Chapter Elemental Contaminants in Dietary Sup-
plements h2232i: The limits presented in this Chapter are
based on in-depth review of the toxicological literature of
specific interest and impact to Dietary Supplements.
These limits are based on documented toxicity and reg-
ulatory recommendations, and focus on the four most
toxic and well-understood metals (Pb, Hg, As, and Cd).
This Chapter also describes three separate options for de-
termination of compliance to the limits. These oral limits
and their described options for compliance are similar to
those presented in General Chapter h232i. Finally, this
Chapter presents several procedures for speciation of
specific elements of particular concern for dietary
supplements.

General Notices
A revision is proposed to the General Notices to indicate

that General Chapters h232i and h233i will apply to all
oral and parenteral articles in USP–NF. This revision is sim-
ilar in content to that describing the residual solvents re-
quirements.

a Correspondence should be addressed to: Kahkashan Zaidi, Senior
Scientist, General Chapters, USPC, 12601 Twinbrook Parkway, Rock-
ville, MD 20852-1790; tel. 301.816.8269; e-mail kxz@usp.org.
b For a list of the members of the Advisory Panel please see the Appen-
dix.
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Stimuli Articles

The Advisory Panel also recommended the develop-
ment of two Stimuli articles. The first (this article) dis-
cusses the comments and responses of the panel, and
the second, also in this volume of PF, presents the toxico-
logical rationale for the limits presented in h232i.

Implementation (General Notices and Monographs):
The Advisory Panel recommends a staged approach to
the implementation of the new General Chapters.

Stage 1: After the initial presentation of the standards
in this PF, the Panel recommends consideration by the ex-
pert committee of a standard implementation period for
the General Chapters.

Stage 2: The Advisory Panel recommends the adoption
of the General Notices revision, also in PF, with an ex-
tended implementation date. They recommend that
the committee consider an official date that coincides
with the official date of the EMEA Metal Catalyst guide-
line (Sept. 2013).

Stage 3: The Advisory Panel recommends that all of the
references to General Chapter h231i Heavy Metals be re-
moved from USP–NF monographs in a manner to coin-
cide with the official date approved for the General
Notices revision.

COMMENTS AND RESPONSES

After reviewing all of the comments received to date,
the authors have identified ten topics that encompass
those comments. These topics include:

Topic 1: Instrumental Details
Topic 2: Implementation
Topic 3: Specific Metals and Limits
Topic 4: Using Residual Solvent Concepts
Topic 5: Scope (Dosage Forms, Foods, Dietary Sup-
plements)
Topic 6: Reference Standards
Topic 7: Imminent Threat h231i
Topic 8: Harmonization (EDQM, EMEA, MHLW)
Topic 9: GMPs and USP
Topic 10: Other Comments.

In many cases, comments received from several
sources are similar in nature. Therefore, individual com-
ments are not specifically identified in this section. In ad-
dition to the comments received in response to the
Stimuli article, the comments received at the two work-
shops will also be addressed in this section.

Topic 1: Instrumental Details

Comment Summary 1.1: The instruments necessary to
meet the limits described can be complicated, expensive,
and application dependant. Some preparations may also
be dangerous. Defining a single procedure, including re-
agents, will not work for all applications.

Number of Commenters: 22

Response: General Chapter h233i specifically indicates
that any procedure that is capable of meeting the critical
validation parameters can be used. The choice of proce-
dure, including sample preparation, instrument type and
configuration, and reagents used are at the discretion of
the user. The standard assumes that the user has evalu-
ated the risk–benefit ratios of the available options and
has selected the most appropriate procedure for the
user’s application. The referee procedures have been val-
idated using a number of samples and the risk–benefit
ratios have been evaluated. Because these procedures
will be used for substances and products that have not
been evaluated by the advisory panel, verification is indi-
cated and steps that may pose health hazards have been
noted. The use of multiple procedures is within the scope
of a user’s application of the standard.

Comment Summary 1.2: The instrumental require-
ments should be linked to the critical validation require-
ments and should be clearly defined.

Number of Commenters: 6

Response: The critical validation criteria necessary to de-
fine an acceptable procedure are included in General
Chapter h233i and are based on the requirements for val-
idation of a limit test and quantitative impurity proce-
dure as described in General Chapter Validation of
Compendial Procedures h1225i.

Comment Summary 1.3: Several of the terms used in
the proposal are confusing or are not well defined in
the text. There are also specific contradictions in the text
regarding precision.

Number of Commenters: 5

Response: The Advisory Panel has incorporated all of
these comments in the draft Chapters. The confusing ter-
minology has been removed, or terms have been better
defined. The contradictions in the text have been re-
solved, and the presentation has been refined to aid in
understanding.

Comment Summary 1.4: Clarification of the expecta-
tions for validation, ongoing verification, check stan-
dards, and spike and recovery details are requested.

Number of Commenters: 3

Response: General Chapter h233i has added clarifica-
tions that incorporate each of these suggested
improvements.

Topic 2: Implementation

Comment Summary 2.1: A change that affects many
monographs—as this change will—should have an ex-
tended implementation date.
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Number of Commenters: 2

Response: The details of the proposed implementation
approach are provided above. The Advisory Panel has
recommended an extended implementation period.

Comment Summary 2.2: The development of this stan-
dard should be as transparent as possible, and updates
should be posted on the USP Web site.

Number of Commenters: 5

Response: USP has added the progress of the develop-
ment of this standard on the USP Web site in the Hot To-
pics section. The standard has been discussed at several
open forums, and the development has been as open as
possible.

Comment Summary 2.3: The new standard should be a
screening procedure that should not quantify individual
elemental impurities.

Number of Commenters: 2

Response: Although this standard may be used as a
screen for impurities, it is designed to encompass the
quantification of these impurities. Because of the wide
range of elements and acceptance criteria, the use of a
true screening procedure is not practical.

Comment Summary 2.4: The new standard should fo-
cus on the big four with the addition of other elemental
impurities at a later date. The new standard should be
limited to those metals that are expected to be present
or that were added as part of the process.

Number of Commenters: 3

Response: The proposed chapters will focus on the big
four and the metal catalysts defined in the EMEA guid-
ance, except for zinc and iron. General Chapter h232i
clearly differentiates between the big four and the other
elemental impurities in such a way that both can exist in
a single Chapter.

Comment Summary 2.5: Clarification of the expecta-
tions for calculations and units for calculations are
requested.

Number of Commenters: 3

Response: General Chapter h232i has incorporated clar-
ifications to each of these suggested improvements.

Topic 3: Specific Metals and Limits

Comment Summary 3.1: The limits should be based on
toxicology and should include only those elements that
have a likelihood of being present. The rationale for the
limits should be developed transparently and presented
as a basis for the standard.

Number of Commenters: 12

Response: The limits have been developed by a team of
toxicologists from industry, academia, ATSDR, BfArM,
and FDA. The rationale for the limits for the big four is
included in a separate Stimuli to the Revision Process article
elsewhere in this number of PF.

Topic 4: Using Residual Solvent Concepts

Comment Summary 4.1: A risk-based strategy like the
one presented in General Chapter h467i is recom-
mended. The Chapter should be referenced in the Gen-
e ra l Not i ces and shou ld not be added to the
monographs.

Number of Commenters: 3

Response: General Chapter h232i applies a risk-based
approach like that of EMEA for Class 2 elements. The con-
trol of Class 1 impurities is required, but the extent of
testing and the timing of that testing are the responsibil-
ity of the manufacturer. Although the Chapter does not
require testing, it does require compliance for Class 1 im-
purities, regardless of source.

Comment Summary 4.2: Multiple options for the calcu-
lation of amount of impurity present like that in General
Chapter h467i Residual Solvents should be used.

Number of Commenters: 5

Response: Three options for the calculation of measured
impurities and assessment of their compliance to the lim-
its for a drug product are included in General Chapter
h232i.

Topic 5: Scope (Dosage Forms, Foods, Dietary
Supplements)

Comment Summary 5.1: To which articles do these
standards apply? How about ophthalmics, food, preclini-
cal supplies?

Number of Commenters: 6

Response: General Chapter h232i applies to drug sub-
stances and products including natural-source and rDNA
biologics, ophthalmics, parenteral nutrients, and excipi-
ents. It does not apply to food or dietary supplements.
General Chapter h2232i covers dietary supplements
and dietary ingredients. Preclinical supplies are not cov-
ered by a USP monograph and are not within the scope
of this standard.

Comment Summary 5.2: This standard should replace
all of the other procedures for inorganic impurities in-
USP–NF, such as Residue on Ignition, Lead, Aluminum, So-
dium, Calcium, and others.
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Number of Commenters: 2

Response: Although the Advisory Panel considered the
change, they determined that it was not within the scope
of this revision or Advisory Panel to make a recommenda-
tion. USP will consider this proposal further.

Topic 6: Reference Standards (RS)

Comment Summary 6.1: Commenters presented
strong arguments both for and against the development
of USP RS materials.

Number of Commenters: 7

Response: USP plans to develop standard mixtures that
can be used in validation studies and for system suitabil-
ity testing. USP currently has no plans to develop indivi-
dual elemental impurity standards, but if a need is
identified USP will consider developing such standards.
When a USP standard is not available, a suitable NIST
or NIST-traceable standard is recommended.

Topic 7: Imminent Threat h231i

Comment Summary 7.1: There is no need to improve
this standard. It has worked for a long time, there is sig-
nificant uncontrolled environmental exposure, and the
toxicity of these materials has not changed in the past
100 years.

Number of Commenters: 5

Response: The Advisory Panel disagrees with these com-
ments. The current procedures in General Chapter h231i
no longer represent the state of the industry, and the lim-
its in the individual monographs are inconsistent with
the recommendations of US and international regulatory
authorities. The current lack of protection from environ-
mental exposure increases the need to control those tox-
icants that are added with the intent of treating a
medical condition or supplementing the diet. Although
the toxicity of the elements has not changed in the past
100 years, our understanding of the detrimental effects
of some of these impurities has increased manyfold.

Comment Summary 7.2: General Chapter h231i Proce-
dures I and III are still usable procedures. Allow their use
as a screening test.

Number of Commenters: 2

Response: Although the advisory panel considered these
procedures of little value or to be an ineffective approach
to the evaluation of the Class 1 impurities, provisions to
allow their use have been included in General Chapter
h233i. Where one of the procedures has been success-
fully validated as described in the Chapter, then the
procedure may be used for that application.

Topic 8: Harmonization (EDQM, EMEA, MHLW)

Comment Summary 8.1: The limits and procedures
should be harmonized with EMEA, EP, BP, and JP.

Number of Commenters: 5

Response: General Chapter h232i incorporates the limits
described in the EMEA guidance as Class 2 impurities. A
representative of BfArM has participated on the Advisory
Panel to ensure that the standards are kept in harmony,
and representatives from both EP and JP attended the
USP workshop on this topic. USP is discussing these
chapters with EP and JP as part of the PDG harmonization
effort. The development of two chapters to replace h231i
was executed on the advice of EP to allow an easier route
to accomplish a harmonized standard.

Topic 9: GMPs and USP

Comment Summary 9.1: The control of these elemental
impurities is maintained by cGMP compliance, so testing
is unnecessary.

Number of Commenters: 4

Response: The limits presented in General Chapters
h232i and h2232i are the maximum amount of elemen-
tal impurities that may be present in a product or ingre-
dient (depending upon application). The periodicity for
testing, the extent of testing, and the elements included
in the testing are established at the discretion of the drug
product or dietary supplement manufacturer. All prod-
ucts are expected to comply with the standard.

Topic 10: Other Comments

Comment Summary 10.1: We support the improve-
ments proposed by USP.

Number of Commenters: 2

Response: The Panel appreciates the support of the com-
menters. Thank you.

Comment Summary 10.2: Several specific wording
changes should be incorporated.

Number of Commenters: 5

Response: The changes have been incorporated.

Comment Summary 10.3: USP and FDA should work
closely on this topic.

Number of Commenters: 2

Response: FDA toxicologists and reviewers are members
of the Advisory Panel. USP staff have discussed the revi-
sions with FDA, and copies of the proposed text have
been provided to FDA before publication in PF.
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Flow Microscopy: Dynamic Image Analysis for Particle Counting

Peter Oma, Deepak K. Sharma, David King, Brightwell Technologies Inc., Ottawa, ONa

ABSTRACT USP General Chapter Particulate Matter in Injections h788i sets limits and cites two enumeration procedures
for subvisible particulate matter in parenteral products. Although h788i does not specifically target intrinsic sources of
particulate matter such as protein aggregates, micelles, or precipitates, the h788i procedures can detect and
enumerate these types of particles. The h788i procedure’s performance (efficiency, reliability, and repeatability) for
these particle types is unknown. Artifacts such as immiscible liquids, primarily silicone oil droplets, and air bubbles
are counted by light obscuration but do not contribute to membrane microscopic counts. Protein-based
pharmaceuticals may contain sizeable populations of aggregated or precipitated active ingredient in the size range
of concern. The physical and optical properties of these particles can present challenges to light-obscuration
procedures in achieving reliable detection and sizing. Because the light-obscuration h788i test procedures do not
easily differentiate particle types, an alternative test procedure may be useful in differentiating foreign from intrinsic
particulate matter to facilitate product improvement efforts and compliance with the limits specified by h788i. Flow
microscopy is an imaging-based technology that uses automated classification algorithms to characterize suspended
particle populations. The technology is currently used in an increasing number of applications in the formulation
development phase of parenteral and biopharmaceutical development. The system operates by capturing an image
of each particle in a flowing sample. Automated image analysis can differentiate subpopulations of foreign particles
(e.g., metal, glass, rubber, and fibers) and intrinsic particles. This allows protein aggregates or other intrinsic particles
to be considered separately from the total particle count to provide a more accurate representation of the foreign
particle load. In addition, the particle images gathered by the system provide morphology information that can be
used to determine the origin of contaminants and to monitor intrinsic particle populations.

INTRODUCTION

Limiting the concentration of foreign particulate in
parenteral pharmaceuticals is an essential requirement
for patient safety (1). USP General Chapter Particulate
Matter in Injections h788i and the harmonized versions
in the European and Japanese pharmacopeias establish
limits and cite procedures by which particle size and con-
centration should be measured. In biopharmaceuticals
the tendency of protein molecules to form aggregates
in the size range of concern poses a special challenge.
Even though aggregates are not considered foreign ma-
terial and do not lie within the scope of h788i, their pres-
ence can be incorrectly attributed to the foreign particle
count of a particular formulation. Because these protein
aggregates are at best active ingredient–depleting and at
worst may affect product safety with respect to inducing
immunogenicity, measuring and limiting their concen-
tration is also an important factor in ensuring patient
safety.

In addition to concerns about patient safety, scientists
engaged in formulation development, stability testing,
fill-and-finish processes, and lot-release testing have an
interest in gaining further information about the charac-
teristics of particulates in parenteral solutions. In formula-
tion development and stability testing, knowledge of the
concentration and morphological distributions of intrin-
sic particle subpopulations is required to maintain and
guarantee product quality, especially for biopharmaceu-
ticals. These intrinsic particles may be the drug active in-

gredient in native, aggregated, or precipitated form,
micelles formed by polysorbate concentration, a lubri-
cant such as silicone oil, or air bubbles caused by sample
handling and/or preparation. When foreign particles are
present, even within regulated limits, additional informa-
tion about their nature and possible origin is valuable for
process quality control and optimization.

MEASURING PROTEIN AGGREGATES IN THE
SUBVISIBLE SIZE RANGE

The formation of protein aggregates can be induced
by many factors, including processing stresses, storage
conditions, concentration, temperature, and surface ef-
fects from contact materials such as glass and silicone
(2). When protein aggregation cannot be eliminated
by formulation design, populations that are present pre-
sumably should be controlled to consistent levels (size
and concentration) and characteristics (morphology)
during the formulation development, stability testing,
clinical trials, manufacturing, and storage phases of the
product life cycle. In a recent Commentary published
in the Journal of Pharmaceutical Sciences, the authors re-
viewed the influence of populations of subvisible aggre-
gates on the quality of therapeutic protein products (3).
Among other conclusions, the article stressed the desir-
ability of measuring particles sizes in the 0.1- to 10-mm
range and the need to investigate new techniques for
measuring aggregates and particles in the sub–10-mm
range.

Measurement procedures cited in h788i are auto-
mated light obscuration or, if this is not practical for
the particular sample type, membrane microscopy. Both

a Correspondence should be addressed to: Desmond Hunt, PhD, Scien-
tist, USP, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; e-mail
dgh@usp.org.
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of these procedures work well for detecting and provid-
ing equivalent circular diameter (ECD) values for most
particulate types. However, these procedures have limita-
tions (described below) when more comprehensive char-
acterization of challenging particle populations is
required.

Light obscuration is an indirect measurement proce-
dure. When a particle transits the measurement zone of
the instrument, an optical beam is obscured, with a re-
sulting change in signal strength at the detector. This sig-
nal change is then equated to a particle’s ECD based on a
calibration curve created using polystyrene spheres of
known sizes. When the particulates in real-world samples
are not spherical or if they differ significantly from poly-
styrene in optical properties (e.g., opacity or refractive in-
dex), errors in sizing and counting may occur. Because
protein aggregates are highly transparent, are nonsphe-
rical in morphology, and may possess a refractive index
close to that of the buffer in which they are contained,
they pose a particular challenge with respect to instru-
ment sensitivity. The single ECD measurement provided
for each particle by obscuration counting cannot provide
information about the opacity, shape, nature, or origin of
the particle. In addition, the obscuration calibration
procedure depends on the relative material properties
(e.g., opacity and shape) of polystyrene beads and thus
does not allow accurate quantification of heterogeneous
particle populations.

Although membrane microscopy conducted by an ex-
perienced microscopist can provide detailed informa-
tion, the technique is time consuming, is statistically
limited, and does not easily provide quantitative results
that are conveniently archived. Measurements can be
produced using maximum chord, ECD, or Feret diam-
eter, but all measurements must be conducted by com-
parison to a calibrated ocular graticule. Although
visualizing actual particles has value and the sample
can be preserved for further analysis, results obtained
by observing and counting near-transparent particles
can be subjective and can depend on the particular mi-
croscope configuration (microscope type, diaphragm
setting, and illumination setup) and sample analysis pro-
tocol (filter medium color and sample transfer) and op-
erator interpretation.

These challenges have led to an interest in automated
technologies that are less dependent on a particle’s phys-
ical properties and can provide additional information
about particle morphology (4,5). Flow microscopy is an
automated, imaging-based particle-measurement tech-

nology designed for the analysis of particulates in phar-
maceutical formulations. Imaging-based technologies
offer a number of advantages by comparison with indir-
ect light-obscuration or scattering techniques. They can
have little dependence on the physical properties of a
particle, can provide accurate sizing capability, and do
not require user calibration. They also can be configured
to have high sensitivity for detection of relatively trans-
parent particles such as protein aggregates. Their image
capture and analysis capabilities also provide quantitative
and qualitative information about target populations
and a digital archive of the results (6–8).

FLOW MICROSCOPY TECHNOLOGIES

A representative flow microscope instrument config-
uration is shown in Figure 1. Different commercial imple-
mentations of the technology are available, so specific
details regarding imaging procedure, sample flow, mag-
nification, and specifications will vary. However most
flow microscopes have the same general mode of opera-
tion, including the capture of particle images as a sample
stream passes through a flow cell centered in the field of
view of a magnification system. In order to provide sta-
tistically meaningful results in practical timeframes, an
enhanced depth-of-field procedure is usually employed.
Once the images are acquired, they are analyzed by the
system software to extract each particle’s morphological
parameters and to compile a database containing count,
size, concentration, and intensity, as well as other shape
parameters of interest such as area, perimeter, circularity,
maximum Feret diameter, and aspect ratio. This data-
base can be further interrogated by application software
to produce parameter plots such as histograms and scat-
ter plots. This software facility allows the user to visually
select representative particles and to use these to auto-
matically define parameter filters that can be used to
categorically evaluate the data from the sample popula-
tion. These capabilities allow particle subpopulations to
be isolated and independently analyzed. Particle images
can be archived and retrieved for visual confirmation,
comparison, and further analysis. Depending on the spe-
cific system magnification chosen for the analysis, parti-
cle sizes can be analyzed in selected ranges from less than
one micron to hundreds of microns. A flow microscope’s
ability to resolve and collect data for specific particle
types depends on the particle’s attributes, overall particle
population statistics, and the instrument configuration.
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Figure 1. Schematic Configuration of a Flow Microscope (CPU = central processing unit) (7).

In the configuration shown, sample fluid is drawn from
a sample container (syringe, beaker, pipette, etc.)
through the flow cell using a metered pumping compo-
nent. The pump is usually located on the output side of
the flow cell to preserve the integrity of the sample. The
flow cell design is critical to the successful operation of
the instrument.

For optimum performance during testing of parenteral
products, flow microscopes should be configured for the
unique requirements of these sample types. These re-
quirements may include:
� low flow rates to minimize shear forces on fragile par-

ticles
� high sensitivity to detect nearly transparent particles

(e.g., proteinaceous particles)
� gravity-assisted sample introduction
� minimal wetted components and minimized dead

volumes (100–200 mL is desirable)
� high sampling efficiency
� ability to analyze small volumes (approximately 0.3

mL) and
� low (approximately 5 per mL) particle concentra-

tions.
A variety of sample introduction procedures (pipettes,

syringe barrels, tubing connections, and prefilled syr-
inges) should be accommodated to handle the wide
range of sample volumes and formulation types.

QUALIFICATION FOR PARENTERAL APPLICATIONS

For applications in the pharmaceutical environment,
the performance of a new technology such as flow mi-
croscopy must meet or exceed the specifications re-
quired by established procedures. Table 1 lists a set of
proposed tests to qualify and validate flow microscopy
as a procedure complementary or supplemental to
h788i. The sizing and concentration tests are similar to
current Instrument Standardization Test (IST) procedures
specified in h788i. The other tests in Table 1 verify the ad-
ditional capabilities of flow microscopy. Testing with
polystyrene reference beads to verify sizing and concen-
tration accuracy should be part of any standard user pro-
tocol. The remaining tests should be carried out as part of
an initial qualification procedure performed on a flow mi-
croscope based on the particular user’s or manufacturer’s
application. Representative qualification data (size and
concentration accuracy/range) for an instrument with a
configuration appropriate for protein-based parenterals
are shown in Figures 2A–2C.

Table 1. Qualification Tests for Flow Microscopy

Parameter

Comparison to
Light-obscuration
IST Test Procedure

Sizing Accuracy Same Measure bead size standards across the ap-
propriate size range.

Concentration Accuracy Same Measure bead concentration standards
across the appropriate concentration range.

Low Particle Concentrations New Measure bead concentrations < 10 particles/
mL.

High Particle Concentrations New Measure bead concentrations > 100,000
particles/mL.

Sensitivity New Measure beads of a known size (ECD) with a
refractive index approaching that of the car-
rier fluid.
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Table 1. Qualification Tests for Flow Microscopy (Continued)

Parameter

Comparison to
Light-obscuration
IST Test Procedure

Material Independence New Measure reference beads of known size
(ECD) composed of different material types.

Particle Shape Analysis New Measure particles with similar size (ECD) but
different morphology (e.g., Feret diameter,
circularity, or aspect ratio).

Figure 2A: Flow Microscopy: Size Range Qualification (Line of Identity) (7). NIST = National Institute of Standards and Technology.

Figure 2B. Flow Microscopy: Concentration Range Qualification (Line of Identity) (7).
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Figure 2C. Flow Microscopy Results for USP Particle Count Reference Standard.

COMPARISON TO h788i PROCEDURES

For the purpose of comparing flow microscopy meas-
urements with light obscuration and membrane micros-
copy, we measured an engineered solution containing
proteinaceous particles. The parenteral formulation con-
taining protein particles was provided by a pharmaceuti-
cal manufacturer. The engineered formulation was
diluted with phosphate-buffered saline (pH 5.5 � 0.5)
containing sorbitol and polysorbate-80 provided by the

manufacturer. The solution was prepared and analyzed
using the h788imicroscopic and obscuration procedures
by an external laboratory that complied with current
Good Laboratory Practices and current Good Manufac-
turing Practices. The same solution was also analyzed
using a flow microscope, and the results of the three
measurements are presented in Table 2 and Figure 3.

Table 2. Comparison of Particle Concentration (7)

Particles/mL

Samples Flow Microscope Light Obscuration Microscopic Membrane

� 10 mm � 25 mm � 10 mm � 25 mm � 10 mm � 25 mm
BT-1 2319 187 124 2 23 5
BT-2 2556 225 94 1 8 3
BT-3 2439 217 105 1 10 2
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Figure 3. Flow Microscopy and h788i Procedures (7).

For particle sizes in the range of concern, the measured
concentrations for this sample type differ by one or more
orders of magnitude. This experiment has been repeated
on different protein-based formulations in other pharma-
ceutical laboratories with similar results (7–9). Post-
testing analysis of saved particle images confirms the
higher concentrations measured by flow microscopy.
The low count obtained by microscopic membrane
probably is caused by a combination of factors including
the modification (destruction or break-up) of aggregates
due to the preparation protocol itself and operator inter-
pretation of valid substances. The cause of the differ-
ences in results between flow microscopy and light
obscuration is not fully understood. One of the contrib-

uting factors may be the differences in sensitivity be-
tween the two procedures when the refractive index of
the target particles approaches that of the carrier fluid.
This effect is seen in Figures 4A (obscuration) and 4B (flow
microscopy) that show size and concentration measure-
ments for a population of 4.80-mm, low refractive index
glass beads (refractive index 1.43 to 1.46 at 589 nm) sus-
pended in water and in a solution of 40% (v/v) ethylene
glycol in water (refractive index approximately 1.37).
Measurements are in agreement between the two tech-
niques when the beads are suspended in 100% water.
One notes undersizing for the obscuration measurement
of the higher refractive index glycol mixture, but flow mi-
croscopy results are almost unaffected.

Figure 4A: Obscuration Measurements of Low Refractive Index Glass Beads.
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The refractive index of various protein aggregates is in
the range of 1.33 to 1.40 (vs 1.59 for polystyrene bead
standards), which contributes to the undersizing and un-
dercounting detected with obscuration procedures. With
flow microscopy, postanalysis of saved images can be

used to determine whether particles are being under-
sized or fragmented because of limited instrument sensi-
tivity. With proper choice of instrument configuration,
these effects can be minimized for protein samples.

Figure 4B. Flow Microscopy Measurement of Low Refractive Index Glass Beads.

Although the difference in refractive index may be an
important component, other factors could also contri-
bute to the observed differences. These include:
� the differences in the optical absorption of proteins

at different wavelengths (in this case the obscuration
light source wavelength was 780 nm, and the flow
microscope light source was 470 nm)

� impact of particle morphology on sizing
� particle fragmentation at higher shear forces in-

duced by higher flow rates
� undetected coincidence effects in obscuration in-

struments
� particle settling or fragmentation due to magnetic

stirring.

EXAMPLE FLOW MICROSCOPY APPLICATIONS FOR
PARENTERAL PRODUCTS

Protein and Silicone Oil Isolation

Silicone oil is used as a syringe and stopper lubricant.
This oil can detach from surfaces and form droplets that
may act as denaturing agents and nucleation centers in
protein formulations (10). The detection and enumera-
tion of silicone droplets are therefore important for prod-
uct integrity and patient safety. With obscuration

procedures alone it is difficult to characterize the relative
distributions of silicone oil vs other foreign particles and
protein aggregates present in the same sample.

A flow microscope can detect and differentiate silicone
oil microdroplets from other near-transparent particles
(11). The results in Figure 5 are from a protein-based sam-
ple containing a controlled population of silicone oil mi-
crodroplets. A flow microscope was first used to measure
the entire particle population. Subsequent analysis using
the instrument’s software-based morphology filters en-
abled the subpopulation of silicone oil to be identified
and enumerated. In this experiment an aspect ratio
� 0.85 and ECD of � 5 mm were chosen as the primary
filters. The accuracy of these filters was manually verified
by visual examination of stored images and comparison
of the results with those provided by the instrument. In
this example and using these parameters, the filter accu-
racy was 96% (i.e., 4% of the particles were incorrectly
identified). During analysis, the application of additional
morphological parameters such as circularity and inten-
sity mean can further improve the accuracy of filters. The
deviation from the ideal aspect ratio of 1.0 for the dro-
plets is the result of practical image resolution limits
and pixilation effects (quantization) for the particular
configuration selected to detect and measure the highly
transparent particles.
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Figure 5. Aspect Ratio Results for Protein and Silicone Oil Mixture.

Protein Aggregation

Characterizing and minimizing protein aggregation is
a requirement in biopharmaceutical formulation devel-
opment. Procedures such as size-exclusion chromatog-
raphy and dynamic l ight sca t te r ing measure
aggregates up to a size of approximately 500 nm. How-
ever, techniques to analyze low and high concentrations
of protein aggregates from approximately 500 nm
through the subvisible and visible regions (> 100 mm)
are lacking (12, 13). Flow microscopy may be a suitable
candidate to help expand the understanding of protein
particle formation and, subsequently, to assist in control-
ling aggregation formation. The capabilities of flow mi-
croscopy are illustrated in the data shown in Table 3.
These data were extracted from a study of the effects
of stresses such as shaking, temperature, filtering, and
aging in relation to their ability to induce protein aggre-
gation (6).

The results in Table 3 are from an experiment in which
a model protein formulation IMGN901 (14) provided by
ImmunoGen (Waltham, MA) at a concentration of 1 mg/
mL was subjected to shaking (Lab-line Model 3520 Orbi-

tal Shaker) at a rate of 200 rpm at room temperature for
24 h (7). One vial was held as a nonshaken control. At
each time point, the number of particles (� 10 mm) in
5 mL of the sample was measured using flow microscopy.
Once again the results for flow microscopy were verified
by manual examination of stored images. Figure 6 con-
tains representative particle images from the experiment.

Table 3. Protein Particle Count for Shaken Sample
Using Flow Microscopy

Time (h) Counts/mL

0 12,312
0.5 40,511
1 64,141
2 141,785
4 150,757
6 238,943
24 260,337

24 (control at 0 rpm) 4785

Figure 6. Particle Images: A (0 h, 54 mm); B (4 h, 176 mm); C (6 h, 260 mm) (images not shown to scale).
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Evaluation of Filtrate Liquids

Filtering (normally 0.22 mm) is occasionally specified
for parenteral products in order to remove particles in
the h788i size range. However, the ability of the filters (in-
cluding point-of-use filters) to eliminate undesirable pro-
tein particles is not clear (15, 16). To investigate the
effects of filtration on the number and size distribution
of protein particles, samples were measured pre- and
postfiltration using flow microscopy. For comparison
purposes, obscuration measurements were also con-
ducted on the postfiltration samples. The obscuration
measurements were not performed on the undiluted
prefiltration sample because of the high particle concen-
trations that exceeded the instrument’s operating range.

Table 4 outlines the particle size and concentration meas-
urement results for the protein filtration tests. Although
filtration can substantially reduce the concentration of
protein particles, it does not eliminate all protein particles
because particles larger than the filter pore size of 0.22
mm can still be found in the filtered samples. It is un-
known whether the remaining protein particles in the
postfiltration sample passed through the filter or were
generated because of stability requirements in the solu-
tion. The filtered sample results measured by the two
procedures show that flow microscopy measured a high-
er concentration of particles over the size range of inter-
est.

Table 4. Filtration Results

Particle
Size

Flow
Microscopy
Prefiltration

Flow
Microscopy
Postfiltration

Obscuration
Prefiltrationa

Obscuration
Postfiltration

2–10 mm 330,000 6000 Not Done 1800
� 10 mm 60,000 3000 Not Done 400
� 25 mm 20,000 1500 Not Done 50

a Undiluted particle concentrations exceed the specified limit of the obscuration instrument.

CONCLUSIONS

Flow microscopy with automated particle classification
is an intelligent imaging technology that is finding in-
creasing use in applications for evaluating populations
of suspended particles encountered during formulation
development of biopharmaceutical drugs. Compared
to existing h788i procedures, flow microscopy seeks to
combine the flexibility and visual verification of the man-
ual microscopy procedure with the speed, statistical ac-
curacy, and quantification of the light-obscuration
procedure. The technique also adds capabilities, includ-
ing increased sensitivity for transparent particles such as
protein aggregates, higher concentration limits, particle
morphology analysis and classification, material inde-
pendence, data archive for all image and morphology
parameters, and an ability to isolate particle subpopula-
tions of interest. The combined image and particle infor-
mation provided by flow microscopy can be employed in
a variety of applications in the parenteral development
and manufacturing environments. Examples include for-
mulation development, stability testing, contaminant
isolation, process control, quality control, diagnostics,
and troubleshooting. These additional capabilities may
justify consideration of flow microscopy as a comple-
ment to existing h788i test procedures.
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A Recombinant Factor C Procedure for the Detection of Gram-negative
Bacterial Endotoxina

Bruce Loverock, Barry Simon, Allen Burgenson, and Alan Baines, Lonza Walkersville, Inc.b

ABSTRACT This Stimuli article addresses a modified photometric procedure for the detection of Gram-negative
bacterial endotoxin (lipopolysaccharide). This procedure is based on the activation of recombinant Factor C (rFC), the
endotoxin-sensitive protease that initiates the traditional Limulus Amebocyte Lysate (LAL) cascade. The rFC procedure
described in this Stimuli article is a single-step, quantitative endpoint procedure that measures the enzyme-mediated
cleavage of a fluorogenic substrate. However, unlike LAL, which uses an extract from the blood cells of the horseshoe
crab Limulus polyphemus that contains Factor C, the rFC procedure uses an rFC cloned from the horseshoe crab,
Carcinoscorpius rotundicauda. The purpose of this study is to demonstrate that the rFC photometric procedure is
comparable to LAL photometric procedures as described in US Pharmacopeia Bacterial Endotoxin Test h85i in its
ability to measure endotoxin with respect to other validation characteristics. Furthermore, unlike LAL, the rFC
procedure is non-reactive to glucans, offering a more specific procedure for measuring endotoxin.

RATIONALE

The majority of parenteral drugs and implantable
medical devices are tested for Gram-negative bacterial
endotoxin using reagents prepared from circulating
amebocytes found in the blood of the American horse-
shoe crab, Limulus polyphemus. Variations of this proce-
dure are described in US Pharmacopeia (USP) General
Chapter Bacterial Endotoxins Test h85i (1). This chapter
describes the gel-clot Limulus Amebocyte Lysate (LAL)
procedure and the various kinetic and endpoint photo-
metric LAL procedures. A comparison of kinetic chromo-
genic LAL and the proposed recombinant quantitative
photometric procedure is the subject of this Stimuli arti-
cle. This alternative procedure has been successfully vali-
dated according to the requirements described in USP
General Information Chapter Validation of Compendial
Procedures h1225i (2).

Mechanism of Reaction

The protease cascade and rationale of traditional LAL
procedures have been extensively investigated (3–7).
Factor C (FC), the first component in the LAL cascade,
is a protease zymogen that is activated by endotoxin
binding (5, 6, 8). Following a series of cascading events,
a dose-dependent response is seen in the presence of en-
dotoxin (Figure 1a, LAL–Endotoxin). In the kinetic turbidi-
metric variation of the LAL procedure, in the presence of
endotoxin the protein coagulogen is converted to co-
agulin, resulting in a dose-dependent increase in turbid-
ity. In the kinetic chromogenic version of the LAL
procedure, a synthetic chromogenic substrate is cleaved
to produce a yellow color. An alternative LAL-based path-
way triggered by glucans can also invoke a similar re-
sponse, thus causing a false-positive result (Figure 1a,
LAL–Glucan).

a This article is the correct version of the article that was originally pub-
lished under the same title in PF 35(6) [Nov.–Dec. 2009], p. 1613. The
original article is now withdrawn.
b Correspondence should be addressed to: Radhakrishna Tirumalai,
PhD, Senior Scientist, US Pharmacopeial Convention, 12601 Twinbrook
Parkway, Rockville, MD 20852-1790; tel. 301.816.8339; e-mail rst@
usp.org.

STIMULI TO THE REVISION PROCESS
Pharmacopeial Forum Stimuli articles do not necessarily reflect the policies

Vol. 36(1) [Jan.–Feb. 2010] of the USPC or the USP Council of Experts 321

#2010 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

S
tim

uli
to

the
R

evision
P

rocess



Figure 1a. LAL procedure. Figure 1b. (insert) rFC procedure.

The rFC procedure (Figure 1b) utilizes a single protein
as its active ingredient, rFC, cloned from the horseshoe
crab Carcinoscorpius rotundicauda (8–9). In the rFC proce-
dure endotoxin binding activates rFC. This activated
molecule then acts to cleave a fluorogenic substrate, re-
sulting in the generation of a fluorogenic compound.
The rFC endotoxin detection reaction is not subject to
false-positive reactions involving glucans (Figure 1b, Re-
combinant Factor C). The rFC protein derived from C. ro-
tundicauda shares a 90.5% identical amino acid
sequence with the native Factor C protein derived from
L. polyphemus (unpublished data).

ANALYTICAL PROCEDURE

Precaution: All materials used in this procedure must
be endotoxin free.

Recombinant FC is used in a single-step, fluorogenic
endpoint procedure to measure endotoxin. One hun-
dred microliters of water blank, standard, and sample
are added to a microplate. The microplate is then
pre-incubated in a fluorescent microplate reader at 378
� 1 8C for 10 min, followed by addition of 100 mL rFC/
substrate working reagent to each well. A time zero read-
ing is immediately taken (excitation/emission wave-
lengths 380/440 nm). The microplate is further
incubated at 378 � 1 8C for 60 min in the fluorescent mi-
croplate reader. At elapsed incubation time of 60 min,
the microplate is read a second time (excitation/emission
wavelengths 380/440 nm). Corrected fluorescence

(fluorescence reading at 60 min minus fluorescence
reading at time zero) of endotoxin standards and sam-
ples are then normalized by the corrected fluorescence
of the water blank. The log of the normalized fluores-
cence of the endotoxin standards is plotted vs the log
of endotoxin concentration. Generation of the standard
curve is performed using linear regression (least squares).
The log increase in fluorescence (net change in relative
fluorescence units) vs the log endotoxin concentration
is linear over the 0.01 to 10 EU/mL range (EU = endotox-
in unit). Endotoxin in samples is predicted using the en-
dotoxin standard curve.

DATA ELEMENTS

Specificity

As defined in h1225i, specificity is the ‘‘ability to assess
unequivocally the analyte in the presence of components
that may be expected to be present, such as impurities,
degradation products, and matrix components.’’ In the
case of analytical procedures for impurities, specificity
may be established ‘‘by spiking the drug substance or
product with appropriate levels of impurities.’’

A multicenter study (6 centers, 3 analysts/center) was
initiated to test 10 pharmaceutical or related products
using both the rFC and the kinetic chromogenic LAL pro-
cedures. Products were tested at maximum valid dilution
(MVD), MVD/2, and MVD/10 (see h85i for further de-
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tails), except for Water for Injection, which was tested un-
diluted. Parallel samples were tested with endotoxin
spiked to a final concentration of 0.1 EU/mL. One hun-
dred sixty-eight measurements were made with the un-
spiked samples across the 6 study sites for each
procedure. For both the rFC and kinetic chromogenic
procedures, no detectable endotoxin was observed in
any of the unspiked samples (data not shown). This
was expected because all test samples were pharmaceu-

ticals released to the marketplace (except for hemodialy-
sate). For measurements of samples spiked to a nominal
value of 0.1 EU/mL, spike recoveries in the range of 0.05
to 0.20 EU/mL (50%–200%) are considered acceptable,
or ‘‘passing’’ according to requirements in h85i. Except
for the Human Albumin (HA) samples, all of the measure-
ments made with each procedure were within the accep-
table range of 0.05 to 0.20 EU/mL (Figure 2).

Figure 2. rFC vs kinetic chromogenic LAL: comparison of results for 10 products spiked to 0.1 EU/mL.

With the kinetic chromogenic procedure, all 18 meas-
urements on the HA sample were outside the acceptable
range and below 0.05 EU/mL. With the rFC procedure, 7
of the HA measurements were within the acceptable
range, and 11 were outside and below 0.05 EU/mL. HA
is known to be inhibitory in the LAL-endotoxin reaction
due to proteinacious components in the preparation.
Other means of circumventing this inhibitory property

of HA were not included as part of this study, offering a
more direct examination of any inhibitory/enhancement
effects across the two analytical procedures.

The two procedures were further compared by deter-
mining for each procedure the percent of assay results
that were within � 25% of the nominal 0.1 EU/mL spike.
Table 1 shows that a greater proportion of the rFC results
(85.7%) were within � 25% of the target concentration
than were the proportion of chromogenic results
(75.0%).
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Table 1. rFC and Chromogenic Assay Results within � 25% of Spike Value

Note: N = 168 assay results by each procedure

Number and % of
Results within � 25%
of 0.1 EU/mL Spike

Number and % of
Results beyond � 25%

of 0.1 EU/mL Spike

rFC 144
85.7%

24
14.3%

Chromogenic 126
75.0%

42
25.0%

LAL-reactive Material

LAL-reactive Material (LRM) consists of cellulosic ma-
terial derived from sources such as Cuprophan hemodi-
alysis filters (CF Capillary Flow Dialyzer, Model CF23,
Baxter, Deerfield, IL). LRM contains glucans of various
linkages, and the �-1,3 linkage is a significant contributor
to the LRM false-positive responses in LAL-based proce-
dures (10). With an LRM preparation prepared according
to the procedure described by Pearson et al. (11), the rFC
assay has been previously shown to have no significant
response to LRM when compared to an LAL-based kinetic
chromogenic procedure (12).

Response to Different Endotoxin Sources

A comparison was made regarding the response of
rFC, kinetic chromogenic LAL, and turbidimetric LAL
photometric procedures to different sources of purified
endotoxin. Sources tested were: EC-6 (the internationally
recognized Reference Standard Endotoxin which is dis-
tributed by USP and is derived from Escherichia coli stain
O113:H10:K(-), E. coli O55:B5, Pseudomonas aeruginosa
F-D Type 1, and Salmonella minnesota R595 (Re). Three
assays were performed for each endotoxin–procedure
combination. The results are summarized in Figure 3
and Table 2.

Figure 3. Endotoxin response to different source materials.
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Table 2. Results for Different Endotoxin Source Materials

Endotoxin
Source Procedure

Meana

(EU/mL)

Standard
Error

(EU/mL) 95% Confidence Interval (EU/ml)

EC-6 Chromogenic 1.04 0.012 0.99–1.09

rFC 1.00 0.017 0.93–1.07

Turbidimetric 1.20 0.015 1.14–1.26

O55:B5 Chromogenic 1.18 0.023 1.08–1.28

rFC 0.81 0.021 0.72–0.90

Turbidimetric 0.67 0.007 0.64–0.70

Pseudomonas Chromogenic 0.86 0.014 0.80–0.92

rFC 1.16 0.071 0.85–1.47

Turbidimetric 2.90 0.081 2.55–3.25

Salmonella Chromogenic 0.98 0.029 0.86–1.10

rFC 1.36 0.015 1.30–1.42

Turbidimetric 2.61 0.131 2.05–3.17

a N = 3 assays for each endotoxin–procedure combination.

With EC-6 the rFC procedure mean response was sim-
ilar to the chromogenic procedure, while the turbidi-
metric mean response was higher.

With the O55:B5, Pseudomonas, and Salmonella
sources the rFC mean responses fell between the two
LAL-based procedures.

Recombinant FC recognizes endotoxin from different
source materials as do other photometric procedures,
demonstrating comparable performance to the LAL-
based procedures.

Precision

As defined in h1225i, the precision of an analytical
procedure ‘‘is the degree of agreement among individual
test results when the method is applied repeatedly to
multiple samplings of a homogeneous sample. The pre-
cision of an analytical method is usually expressed as the
standard deviation or relative standard deviation (coeffi-
cient of variation) of a series of measurements.’’

Comparative intermediate precision testing was per-
formed with the rFC and kinetic chromogenic proce-
dures at three test centers. At each center endotoxin
samples from three regions of the 0.01 to 10 EU standard
curve (low = 0.0316 EU/mL, medium = 0.316 EU/mL,
and high = 3.16 EU/mL) were measured by three ana-
lysts, over the course of three different days.

Table 3 summarizes the precision study results. For the
rFC procedure, observed CVs (pooled within location)
were 16% for the low concentration, 17% for the me-
dium concentration, and 11% for the high concentra-
tion. Each of these is less than the corresponding CVs
obtained with the kinetic chromogenic procedure. A sig-
nificant difference between procedures was not detected
for the low and medium concentrations, but at the high
concentration rFC total variation was significantly less
than chromogenic total variation (P < 0.05).
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Table 3. Precision Study Analysis Summary

rFC
Low Sample

0.0316 EU/mL
Medium Sample

0.316 EU/mL
High Sample
3.16 EU/mL

Location N
Mean

(EU/mL)
Standard
(EU/mL) %CVa

Mean
(EU/mL)

Standard
(EU/mL) %CV

Mean
(EU/mL)

Standard
(EU/mL) %CV

1 18 0.0291 0.0045 14 0.403 0.049 16 3.52 0.32 10

2 18 0.0276 0.0050 16 0.365 0.052 16 3.45 0.34 11

3 18 0.0365 0.0056 18 0.410 0.058 18 3.65 0.40 13

Over
Locations

54 0.0311 0.0051b 16 0.392 0.053 17 3.54 0.35c 11

Chromogenic
Low Sample

0.0316 EU/mL
Medium Sample

0.316 EU/mL
High Sample
3.16 EU/mL

Location N
Mean

(EU/mL)
Standard
(EU/mL) %CVa

Mean
(EU/mL)

Standard
(EU/mL) %CV

Mean
(EU/mL)

Standard
(EU/mL) %CV

1 18 0.0350 0.0033 10 0.446 0.060 19 3.22 0.54 17

2 18 0.0327 0.0069 22 0.403 0.066 21 3.02 0.42 13

3 18 0.0420 0.0067 21 0.416 0.064 20 3.41 0.49 16

Over
Locations

54 0.0366 0.0059b 19 0.421 0.063 20 3.22 0.49 16

a All %CVs were calculated using the known concentrations of the samples rather than the measured mean responses.
b Pooled within location standard deviation.
c rFC variation is significantly less than chromogenic variation (P < 0.05).

Accuracy of Individual Results

As defined in h1225i, the accuracy of an analytical
procedure ‘‘is the closeness of test results obtained by
that procedure to the true value. The accuracy of an ana-
lytical procedure should be established across its range.’’

Accuracy of individual assay results was assessed using
the data from the precision study, which used three
known concentrations of EC-6 (the current Reference
Standard Endotoxin) as an endotoxin source. The three
samples tested had concentrations of 0.0316 EU/mL,
0.316 EU/mL, and 3.16 EU/mL and were tested at three
locations, by a total of nine different analysts, and over
three different days by each analyst.

As a measure of ‘‘closeness’’ of individual assay results
to the known concentration, each assay result was classi-
fied as either within �25% of the known sample concen-
tration (i.e., ‘‘close’’) or beyond �25%. Table 4 shows
that at each of the three sample concentrations the rFC
procedure had a greater proportion of assay results with-
in � 25% of the known concentration than did the chro-
mogenic procedure. The difference, however, was not
statistically significant.
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Table 4. Accuracy Relative to Known Concentrationa

rFC Chromogenic

0.0316 EU/mL
Sample

Mean
standard deviation

0.0311 EU/mL
0.0063 EU/mL

0.0366 EU/mL
0.0070 EU/mL

% of results within
� 25% of known
concentrationb

81.5% 74.1%

0.316 EU/mL
Sample

Mean
standard deviation

0.392 EU/mL
0.056 EU/mL

0.421 EU/mL
0.065 EU/mL

% of results within
� 25% of known
concentrationb

44.4% 29.6%

3.16 EU/mL
Sample

Mean
standard deviation

3.54 EU/mL
0.36 EU/mL

3.22 EU/mL
0.50 EU/mL

% of results within
� 25% of known
concentrationb

92.6% 87.0%

a Results were obtained from the precision study (see Table 3) and are based on N = 54 assays of each sample, by each procedure.
b The differences between procedures are not significant based on Fisher’s Exact Test.

Linearity

As defined in h1225i, the linearity of an analytical
procedure ‘‘is its ability to elicit results that are directly,
or by a well-defined mathematical transformation, pro-
portional to the concentration of analyte in samples
within a given range.’’

A series of 18 rFC standard curves were generated as
part of the 6-site multicenter study. Each curve included
four standards (0.01, 0.1, 1.0, and 10 EU/mL) in repli-
cates of three. The log net change in RFU (difference of
the 60-min time point minus the zero time point cor-
rected for the blank) was plotted against log endotoxin
concentration to generate a standard curve. Table 5 sum-
marizes the linear regression statistics from the 18 curves.

The correlation coefficient was greater than 0.995 for
all 18 standard curves, meeting FDA requirement
(� |0.980|) for LAL-based procedures (13). Standard
curve slopes and y-intercepts were also highly consistent
among the 18 standard curves, with CVs of 1.9% and
1.1% respectively.

Range

As defined in h1225i, the range of a procedure ‘‘is val-
idated by verifying that the analytical procedure provides
acceptable precision, accuracy, and linearity when ap-
plied to samples containing analyte at the extremes of
the range as well as within the range.’’ Data obtained
from the precision study (Table 3) show similar variation
between the rFC and kinetic chromogenic procedures.
The intermediate variation of the rFC procedure was
either the same as or lower than the kinetic chromogenic
procedure for the three regions (low, middle, and high)
of the standard curve. For the three regions the accuracy
of the rFC procedure was also similar to that of the kinetic
chromogenic procedure (Table 4). The rFC procedure
has a quantitation range of 0.01 to 10.0 EU/mL.

Table 5. rFC Linear Regression Summary Statisticsa

Standard Curve
Characteristic Mean CV%

Range

Minimum Maximum

Correlation 0.996 0.1% 0.995 0.998

Slope 0.865 1.9% 0.831 0.901

Y-intercept 3.398 1.1% 3.307 3.450

a Based on 18 standard curves, by six analysts at six sites.
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Quantitation Limit

According to h1225i, the quantitation limit is the ‘‘low-
est amount of analyte in a sample that can be deter-
mined with acceptable precision and accuracy under
the stated experimental conditions. The quantitation
limit is expressed as the concentration of analyte in the
sample.’’

Three distinct lots of rFC enzyme were evaluated to de-
termine the quantitation limit of the rFC procedure. Ref-
erence Standard Endotoxin EC-6 was used to prepare the
endotoxin standard curve (0.01 to 10 EU/mL). Three
separate assays were performed, each with one of the

three rFC enzyme lots. Five separate samples of both
LAL Reagent Water (control blank) and 0.01 EU/mL EC-
6 endotoxin were tested as unknowns in replicates of
three with each of the three enzyme lots.

Table 6 contains a summary of the results. The assay
results on the 0.01 EU/mL sample show acceptable pre-
cision and accuracy, demonstrating that the quantitation
limit is at least 0.01 EU/mL. Furthermore, the 99% toler-
ance intervals for assays on the water blank and 0.01 EU/
mL samples do not overlap, indicating that assays on a
sample with 0.01 EU/mL are clearly distinct from assays
on a blank sample.

Table 6. rFC Quantitation Limit Summary Statistics

Number
of Assay
Results

Mean
(EU/mL)

Standard
Deviation
(EU/mL) %CV

99% Tolerance
Interval

(95% Confidence)

0.01 EU/mL
sample

15 0.009 0.0007 7.8% 0.006–0.012 EU/mL

Blank water
sample

15 0.002 0.0008 n/aa 0–0.005 EU/mL

a n/a = not applicable

CONCLUSION

The rFC procedure for the detection of Gram-negative
bacterial endotoxin has been shown to be comparable to
LAL in its ability to quantifiably measure endotoxin and
has a quantitative range comparable to that of quantita-
tive photometric LAL procedures. However, unlike the
LAL endotoxin procedure that uses Factor C derived from
horseshoe crabs, the rFC procedure uses a recombinant
form of Factor C. It provides another means of detecting
endotoxin other than by traditional LAL procedures. The
rFC does not contain the glucan-sensitive Factor G, and
therefore the rFC-based procedure is not subject to false
positives that can be caused by �-1,3-glucans (12). It util-
izes material of nonanimal origin as its active ingredient.
The requirements for validation of Compendial Methods
as specified in h1225i for specificity, precision, accuracy,
linearity, range, and quantitation limit have been met for
the rFC procedure and are equivalent to current USP
photometric procedures for endotoxin measurement.
The rFC procedure has a quantitation range of 0.01 to
10.0 EU/mL.
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that
incorporate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Pro-
posed and Recommended International Nonproprietary Names (INN) when they have been announced by the World
Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on
how nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomen-
clature issues that also occasionally report on related matters pertaining to USAN and INN.
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Chromatographic Columns Used in USP-NF and
Pharmacopeial Forum

Jan.–Feb. 2010

AMIFOSTINE (DSD Mgh #2600)
PF LGS# Reagent Brand Type of Test Comments

36(1) L7 Luna C8 Assay, Dissolution, and
Organic Impurities

4.6 mm x 25 cm, 5 mm. Manufacturer: Phenomenex

AMIFOSTINE FOR INJECTION (DSD Mgh #2603)
PF LGS# Reagent Brand Type of Test Comments

36(1) L1 Luna C18 Organic Impurities Procedure 2. 4.6 mm x 25 cm, 5 mm. Manufacturer:
Phenomenex

36(1) L7 Luna C8 Assay and Organic Im-
purities

Procedure 1. 4.6 mm x 25 cm, 5 mm. Manufacturer:
Phenomenex

AMOXICILLIN (DSD Mgh #4100)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Hypersil-ODS Organic Impurities 4.6 mm x 10 cm, 5 mm. Manufacturer: Thermo Sci-
entific

ANHYDRIZED LIQUID SORBITOL (DSD Mgh #77672)
PF LGS# Reagent Brand Type of Test Comments

0(0) G46 DB-1701 Limit of . . . . . . . . . Identification C, Limit of ethylene glycol and diethyl-
ene glycol. 0.32 mm x 15 m, 0.25 mm. Manufacturer:

J & W Scientific

ARTEMETHER (DSD Mgh #4853)
PF LGS# Reagent Brand Type of Test Comments

36(2) L1 Purospher RP-18 Assay and Organic Im-
purities

Organic Impurities, Procedure 2. 4 mm x 12.5 mm, 5
çm Manufacturer: Merck KGaA

ARTEMETHER AND LUMEFANTRINE TABLETS (DSD Mgh #4848)
PF LGS# Reagent Brand Type of Test Comments

36(1) L1 Nucleosil C18 Dissolution and Organic
Impurities

Oragnic Impurities, Procedure 2. 4 mm x 12.5 cm., 5
çm Manufacturer: Macherey-Nagel

36(1) L1 Symmetry C-18 Assay, Identification, and
Uniformity of Dosage

Units

3.9 mm x 15 cm, 5 çm Manufacturer: Waters Corp.

BENZALKONIUM CHLORIDE (DSD Mgh #7800)
PF LGS# Reagent Brand Type of Test Comments

34(6) L1 Nucleosil 100 C18 Limit of . . . . . . . . . Limit of benzyl alcohol, benzaldehyde, and (chloro-
methyl)benzene. 4.6 mm x 15 cm, 5 mm. Manufac-

turer: Macherey-Nagel
35(6) L10 Nucleosil CN Ratio of . . . . . . . . . Ratio of alkyl components. 4.6 mm x 25 cm, 10 mm.

Manufacturer: Macherey-Nagel

BENZALKONIUM CHLORIDE SOLUTION (DSD Mgh #7830)
PF LGS# Reagent Brand Type of Test Comments

35(6) G43 DB-624 Alcohol Content If added. 0.25 mm x 30 m, 1.4 mm. Manufacturer: J &
W Scientific

35(6) L1 Nucleosil 5 C18 Limit of . . . . . . . . . Limit of benzyl alcohol, benzaldehyde, and (chloro-
methyl)benzene. 4.6 mm x 15 cm, 5 mm. Manufac-

turer: Macherey-Nagel
35(6) L10 Nucleosil CN Ratio of . . . . . . . . . Ratio of alkyl components. 4.6 mm x 25 cm, 10 mm.

Manufacturer: Macherey-Nagel
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CAPREOMYCIN FOR INJECTION (DSD Mgh #12362)
PF LGS# Reagent Brand Type of Test Comments

35(6) L10 Spherisorb CN Content of . . . . . . . . Content of capreomycin I. 4.6 mm x 25 cm, 5 mm.
Manufacturer: Waters Corp

CAPREOMYCIN SULFATE (DSD Mgh #12358)
PF LGS# Reagent Brand Type of Test Comments

35(6) L10 Spherisorb CN Content of . . . . . . . . Content of capreomycin I. 4.6 mm x 25 cm, 5 mm.
Manufacturer: Waters Corp

CEFEPIME FOR INJECTION (DSD Mgh #13987)
PF LGS# Reagent Brand Type of Test Comments

36(1) L## Metrosep C4-250 Limit of . . . . . . . . . Limit of N-Methylpyrrolidine. 4.0 mm x 25 cm, 5 mm.
Manufacturer: Metrohm

36(1) L1 Inertsil ODS-3V Assay and Organic Im-
purities

4.6 mm x 25 cm, 5 mm. Manufacturer: GL Sciences

CEFEPIME HYDROCHLORIDE (DSD Mgh #13984)
PF LGS# Reagent Brand Type of Test Comments

36(1) L## Metrosep C4-250 Limit of . . . . . . . . . Limit of N-Methylpyrrolidine. 4.0 mm x 25 cm, 5 mm.
Manufacturer: Metrohm

36(1) L1 Inertsil ODS-3V Assay and Organic Im-
purities

4.6 mm x 25 cm, 5 mm. Manufacturer: GL Sciences

CETIRIZINE HYDROCHLORIDE (DSD Mgh #2902)
PF LGS# Reagent Brand Type of Test Comments

0(0) L3 Hypersil Silica Assay and Related Com-
pounds

Test 1. 4.6 mm x 25 cm, 5 mm. Manufacturer: Thermo
Scientific

0(0) L1 Symmetry Shield
RP-18

Related compounds Test 2. 4.6 mm x 25 cm, % mm. Manufacturer: Waters
Corp.

CETIRIZINE HYDROCHLORIDE AND PSEUDOEPHEDRINE HYDROCHLORIDE EXTENDED-RELEASE TABLETS (DSD Mgh
#4576)

PF LGS# Reagent Brand Type of Test Comments

36(1) L11 Synergi Polar-RP Organic Impurities 4.6 mm x 25 cm, 4 mm. Manufacturer: Phenomenex
36(1) L9 ZORBAX 300 SCX Dissolution 4.6 mm x 15 cm, 5 mm. Manufacturer: Agilent Tech-

nologies
36(1) L1 Symmetry Shield

RP-18
Assay and Organic Im-

purities
4.6 mm x 15 cm, 3.5 mm. Manufacturer: Waters Corp.

CETIRIZINE HYDROCHLORIDE TABLETS (DSD Mgh #3171)
PF LGS# Reagent Brand Type of Test Comments

36(2) L1 Inertsil ODS-3 Dissolution 4.6 mm x 25 cm, 5 mm. Manufacturer: GL Sciences
36(2) L3 LiChrospher Si-

100
Organic Impurities 4.0 mm x 25 cm, 5 mm. Manufacturer: Merck KGaA

CHLORHEXIDINE ACETATE TOPICAL SOLUTION (DSD Mgh #15585)
PF LGS# Reagent Brand Type of Test Comments

36(1) L1 Luna C18 Assay and Organic Im-
purities

4.6 mm x 25 cm, 5 mm. Alternative column: Sym-
metry C18 from Waters. Manufacturer: Phenomenex

CHLORHEXIDINE GLUCONATE TOPICAL SOLUTION (DSD Mgh #15630)
PF LGS# Reagent Brand Type of Test Comments

36(1) L1 Luna C18 Assay and Organic Im-
purities

4.6 mm x 25 cm, 5 mm. Alternative column: Sym-
metry C18 from Waters. Manufacturer: Phenomenex

CLOTRIMAZOLE CREAM (DSD Mgh #18890)
PF LGS# Reagent Brand Type of Test Comments

35(6) L1 Purospher STAR
RP18e

Assay 4.6 mm x 25 cm, 5 mm. Manufacturer: Merck KGaA
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DESFLURANE (DSD Mgh #22832)
PF LGS# Reagent Brand Type of Test Comments

36(1) G6 Rtx-200 Assay and Organic Im-
purities

0.32 mm x 105 m, 1.5 mm. Manufacturer: Restek

DIVALPROEX SODIUM DELAYED-RELEASE CAPSULES (DSD Mgh #27754)
PF LGS# Reagent Brand Type of Test Comments

35(6) L1 Inertsil ODS-3 Assay and Dissolution 4.6 mm x 15 cm, 5 mm. Manufacturer: GL Sciences

DIVALPROEX SODIUM EXTENDED-RELEASE TABLETS (DSD Mgh #826)
PF LGS# Reagent Brand Type of Test Comments

35(6) L11 MicroBondapak
Phenyl

Dissolution 3.9 mm x 15 cm, 10 mm. Manufacturer: Waters Corp

DONEPEZIL HYDROCHLORIDE (DSD Mgh #2647)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Inertsil ODS-2 Assay and Organic Im-
purities

4.6 mm x 15 cm, 5 mm. Manufacturer: GL Sciences

ETHAMBUTOL HYDROCHLORIDE (DSD Mgh #31150)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Symmetry C-18 Limit of . . . . . . . . . Limit of total steroisomers. 3.9 mm x 15 cm. Manu-
facturer: Waters Corp.

FELODIPINE EXTENDED-RELEASE TABLETS (DSD Mgh #32660)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Symmetry C-18 Dissolution Test 3. 4.6 mm x 15 cm, 5 mm. Alternative column Ace
C18, same dimensions. Manufacturer: Waters Corp.

32(1) L1 Hypersil BDS C-18 Dissolution Test 2. 4.6 mm x 15 cm. Manufacturer: Thermo Sci-
entific

FEXOFENADINE HYDROCHLORIDE AND PSEUDOEPHEDRINE HYDROCHLORIDE EXTENDED-RELEASE TABLETS (DSD
Mgh #33077)

PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Partisil 10 ODS Dissolution Test 3. 4.6 mm x 25 cm, 10 mm. Manufacturer:
Whatman Inc.

0(0) L7 Hypersil BDS C-8 Dissolution Test 2. 4.6 mm x 25 cm, 5 mm. Manufacturer: Thermo
Scientific

FLAVOXATE HYDROCHLORIDE (DSD Mgh #33185)
PF LGS# Reagent Brand Type of Test Comments

35(6) L1 Inertsil ODS Organic Impurities 4.6 mm x 15 cm, 5 mm. Manufacturer: GL Sciences

FORSKOHLII (DSD Mgh #5292)
PF LGS# Reagent Brand Type of Test Comments

35(3) L1 Luna C18 Identification and Con-
tent of ......

Content of forskolin. 4.6 mm x 25 cm, 5 mm. Manu-
facturer: Phenomenex

GALANTAMINE HYDROBROMIDE (DSD Mgh #34618)
PF LGS# Reagent Brand Type of Test Comments

36(2) L41 Chiral AGP Enantiomeric purity 4.0 mm x 15 cm, 5 mm. Manufacturer: Chrom Tech
AB

GLIPIZIDE AND METFORMIN HYDROCHLORIDE TABLETS (DSD Mgh #847)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 YMC 18 ODS-A Dissolution Test 2. 4.6 mm x 25 cm. Manufacturer: YMC Corp.
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IRBESARTAN AND HYDROCHLOROTHIAZIDE TABLETS (DSD Mgh #42420)
PF LGS# Reagent Brand Type of Test Comments

36(1) L10 ZORBAX CN Assay and Organic Im-
purities

4.6 mm x 25 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

IRINOTECAN HYDROCHLORIDE (DSD Mgh #42485)
PF LGS# Reagent Brand Type of Test Comments

0(0) L40 Chiralcel OD-H Enantiomeric purity Limit of irinotecan hydrochloride enantiomer. 4.6 mm
x 25 cm, 10 mm. Manufacturer: Daicel Chemical In-

dustries
0(0) L1 Symmetry C-18 Assay and Related Com-

pounds
4.6 mm x 25 cm, 5 mm. Manufacturer: Waters Corp.

LAMOTRIGINE TABLETS (DSD Mgh #44260)
PF LGS# Reagent Brand Type of Test Comments

36(1) L1 Discovery HS C18 Organic Impurities 4.6 mm x 25 cm, 5 mm. Manufacturer: Supelco
36(1) L1 Inertsil ODS-2 Assay 4.6 mm x 15 cm, 5 mm. Manufacturer: GL Sciences
36(1) L1 XTerra RP 18 Dissolution 4.6 mm x 15 cm, 5 mm. Manufacturer: Waters Corp.

LEVETIRACETAM TABLETS (DSD Mgh #44660)
PF LGS# Reagent Brand Type of Test Comments

36(1) L1 Nova-Pak C18 Assay and Organic Im-
purities

4.6 mm x 25 cm, 4 mm. Manufacturer: Waters Corp.

36(1) L1 Inertsil ODS-3 Dissolution 4.6 mm x 15 cm, 5 mm. Manufacturer: GL Sciences

LUMEFANTRINE (DSD Mgh #4854)
PF LGS# Reagent Brand Type of Test Comments

36(1) L1 Nucleosil 100 C18 Assay and Organic Im-
purities

4 mm x 12.5 cm, 5 mm. Manufacturer: Macherey-
Nagel

METHYLPHENIDATE HYDROCHLORIDE (DSD Mgh #52700)
PF LGS# Reagent Brand Type of Test Comments

36(1) L1 Symmetry C-18 Assay and Organic Im-
purities

Organic impurities, Procedure 1. 4.6 mm x 25 cm, 5
mm. Manufacturer: Waters Corp.

36(1) L7 Symmetry C8 Organic Impurities Procedure 2. 3.9 mm x 15 cm, 5 mm. Manufacturer:
Waters Corp.

METOLAZONE TABLETS (DSD Mgh #53470)
PF LGS# Reagent Brand Type of Test Comments

35(6) L7 Symmetry C8 Dissolution 4.6 mm x 15 cm, 5 mm. Manufacturer: Waters Corp.

MONTELUKAST SODIUM (DSD Mgh #54774)
PF LGS# Reagent Brand Type of Test Comments

36(1) L41 Chiral AGP Enantiomeric purity 4.0 mm x 15 cm, 5 mm. Manufacturer: Chrom Tech
AB

36(1) L11 ZORBAX SB Phenyl Assay and Organic Im-
purities

4.6 mm x 5 cm, 1.8 mm. Manufacturer: Agilent
Technologies

NONCRYSTALLIZING SORBITOL SOLUTION (DSD Mgh #77675)
PF LGS# Reagent Brand Type of Test Comments

0(0) G46 DB-1701 Limit of . . . . . . . . . Identification C, Limit of Ethylene glycol and diethyl-
ene glycol. 0.32 mm x 15 m, 0.25 mm. Manufacturer:

J & W Scientific

OLANZAPINE AND FLUOXETINE CAPSULES (DSD Mgh #1065)
PF LGS# Reagent Brand Type of Test Comments

36(2) L7 ZORBAX SB C8 Assay and Dissolution 4.6 mm x 7.5 cm, 3.5 mm. Manufacturer: Agilent
Technologies

36(2) L7 ZORBAX SB C8 Organic Impurities 4.6 mm x 25 cm, 5 mm. Manufacturer: Agilent Tech-
nologies
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OXYBUTYNIN CHLORIDE EXTENDED-RELEASE TABLETS (DSD Mgh #59502)
PF LGS# Reagent Brand Type of Test Comments

0(0) L7 Symmetry C8 Dissolution Test 4. 4.6 mm x 15 cm, 5 mm. Manufacturer: Waters
Corp.

0(0) L10 ZORBAX SB-CN Dissolution Test 3. 4.6 mm x 15 cm, 5 mm. Manufacturer: Agilent
Technologies

33(4) L7 Spherisorb C8 Dissolution Test 2. 4.6 mm x 25 cm. Manufacturer: Waters Corp.

PIOGLITAZONE HYDROCHLORIDE (DSD Mgh #1419)
PF LGS# Reagent Brand Type of Test Comments

36(1) L1 YMC 18 ODS-A Assay and Organic Im-
purities

4.6 mm x 15 cm, 5 mm. Manufacturer: YMC Corp.

PIOGLITAZONE TABLETS (DSD Mgh #1420)
PF LGS# Reagent Brand Type of Test Comments

36(1) L1 YMC-Pack ODS-A Assay and Organic Im-
purities

4.6 mm x 15 cm, 5 mm. Manufacturer: YMC Co. Ltd.

POLYGLYCERYL 3 DIISOSTEARATE (DSD Mgh #4369)
PF LGS# Reagent Brand Type of Test Comments

36(2) G16 CP-Wax 52 CB Content of . . . . . . . . Content of Fatty Acids. 0.32 mm x 30 m, 0.25 mm.
Manufacturer: Varian

POWDERED FORSKOHLII (DSD Mgh #5293)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Luna C18 Identification and Con-
tent of ......

Content of forskolin. 4.6 mm x 25 cm, 5 mm. Manu-
facturer: Phenomenex

POWDERED FORSKOHLII EXTRACT (DSD Mgh #5294)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Luna C18 Identification and Con-
tent of ......

Content of forskolin. 4.6 mm x 25 cm, 5 mm. Manu-
facturer: Phenomenex

RISEDRONATE SODIUM TABLETS (DSD Mgh #73736)
PF LGS# Reagent Brand Type of Test Comments

34(5) L48 IonPac AG7 Dissolution 4.0 mm x 5 cm, 10 mm. Manufacturer: Dionex

RIVASTIGMINE TARTRATE CAPSULES (DSD Mgh #73773)
PF LGS# Reagent Brand Type of Test Comments

36(1) L7 Hypersil BDS C-8 Assay, Dissolution, and
Organic Impurities

4.6 mm x 25 cm, 5 mm. Manufacturer: Thermo Sci-
entific

RIZATRIPTAN BENZOATE (DSD Mgh #73775)
PF LGS# Reagent Brand Type of Test Comments

36(1) L11 ZORBAX SB Phenyl Assay and Organic Im-
purities

4.6 mm x 25 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

ROPINIROLE HYDROCHLORIDE (DSD Mgh #73891)
PF LGS# Reagent Brand Type of Test Comments

36(1) L7 Hypersil BDS C-8 Assay and Organic Im-
purities

Organic Impurities Procedure 1. 4.6 mm x 25 cm, 5
mm. Manufacturer: Thermo Scientific

36(1) L7 Kromasil C8 Organic Impurities Organic Impurities Procedure 2. 4.6 mm x 25 cm, 5
mm. Manufacturer: Eka Nobel
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SORBITOL SOLUTION (DSD Mgh #77670)
PF LGS# Reagent Brand Type of Test Comments

0(0) G46 DB-1701 Limit of . . . . . . . . . Identification C, Limit of ethylene glycol and
diethyelene glycol. 0.32 mm, x 15 m, 0.25 mm.

Manufacturer: J & W Scientific

TOBRAMYCIN INHALATION SOLUTION (DSD Mgh #83766)
PF LGS# Reagent Brand Type of Test Comments

0(0) L11 Spherisorb P (Phe-
nyl)

Assay and Related Com-
pounds

4.6 mm x 25 cm, 5 mm. Manufacturer: Waters Corp.

XYLITOL (DSD Mgh #89255)
PF LGS# Reagent Brand Type of Test Comments

36(1) L19 Sugar SC1211 Assay and Limit of . . . . Limit of other polyols. 6.0 mm x 25 cm, 6 mm. Man-
ufacturer: Shodex

ZONISAMIDE CAPSULES (DSD Mgh #89996)
PF LGS# Reagent Brand Type of Test Comments

36(2) L1 Symmetry C-18 Assay 4.6 mm x 25 cm, 5 mm. Manufacturer: Waters Corp.
36(2) L1 Inertsil ODS-2 Dissolution and Organic

Impurities
4.6 mm x 25 cm, 5 m:m. Manufacturer: GL Sciences

36(2) L1 Luna C18 Organic Impurities Alternative column. 4.6 mm x 25 cm, 5 mm. Manu-
facturer: Phenomenex
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STANDARDS DEVELOPMENT
This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum
(PF), for the development of official standards in the United States Pharmacopeia and the National Formulary (USP–NF).
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USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on the new or revised stan-
dards.

PF includes the following:

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

2. Accelerated Revisions—New or revised standards that become official through an accelerated process in ac-
cordance with USP’s Guideline on Accelerated Revisions (available on the USP website) (e.g., Interim Revision An-
nouncements, Revision Bulletins, and Errata). Accelerated Revisions allow for a revision to become official prior to the
next USP–NF or Supplement and do not always require notice and comment. Interim Revision Announcements are
first presented for a 60-day public comment period in the Proposed Interim Revision Announcement section before
becoming official in a later PF in the Interim Revision Announcements section of the PF. Note that Revision Bulletins
appear only on the USP website.

USP welcomes comments and data on proposed revisions. Comments, along with USP’s responses, will be published in
the Commentary section of the USP website (www.usp.org).
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, United States Pharmacopeia, 12601
Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
‘‘How to Use PF’’ describes the various parts of Pharmacopeial Forum, lists the Committee Designations, and includes the
Staff Directory.
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The contents of the various sections of PF are briefly described below. A more detailed description of each section is
provided at the beginning of that section. A general description of the types and amount of information expected in a
Request for Revision is available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website
(www.usp.org/USPNF/submitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Proposed Interim Revi-
sion Announcement
Accelerated Revision tar-
geted to become official
in an upcoming PF.

Proposals for Interim Revision Announcements (IRAs) that will be
published as official in a future Pharmacopeial Forum.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the USP Scientific Liaison who handled the issue.

Review material and send comments
within 60 days of the PF publication
where the standard was proposed
(or per the Briefing). Direct com-
ments to the USP Scientific Liaison
(see the Staff Directory) identified at
the end of the Briefing.

Interim Revision An-
nouncement
Official Accelerated Revi-
sion (on the first day of
the second month, un-
les s otherwise ind i -
cated).

Standards that have been adopted and will become official on
the date that is specified in the section’s introductory page or
within parentheses following a particular item. New or revised
text is marked by the symbols .

..

Review material to see whether af-
fected by any of the changes. Note
date when standards become official,
and ensure compliance.

Errata
Accelerated Revision.

Corrections to official standards that will be printed in USP–NF. Review material to see whether af-
fected by any changes.

In-Process Revision
Revisions for public re-
view and comment.

Proposals for standards that will be published as official in a fu-
ture USP–NF book or Supplement.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the appropriate USP Scientific Liaison.

Review material and send comments.
Comment deadlines are found at the
end of the Policies and Announcements
section. Direct comments to the USP
Scientific Liaison (see the Staff Direc-
tory) identified at the end of the Brief-
ing. For general inquiries or in cases
where a Scientific Liaison is not iden-
tified, use the general USP telephone
number 301-881-0666 or fax num-
ber 301-998-6839.

Previous PF Proposals Proposals from previous PFs that did not advance to official sta-
tus in an official USP publication. This section is cumulative.

Review material to track pending pro-
posals.

Canceled Proposals Items that were published in PF and were pending, but have
since been canceled. Note that canceled proposals may be re-
published to be considered in the future for adoption in USP–NF.

Review material to track canceled
proposals.
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Stage 4 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

BRIEFING: Scientific rationale for the potential inclusion or
change or for the proposed change. Stage 4 is available for
comment.

Review material and provide com-
ments to the appropriate Scientific
Liaison cited in the Briefing. Indivi-
duals who wish to correspond with
the European and Japanese Pharma-
copoeias concerning monographs in
the Official Inquiry and Consensus
stages of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a
copy to USP, for a given article. The
addresses for the European (PhEur)
and Japanese (JP) pharmacopoeias
are as follows:

PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Depart-
ment
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu

JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp

Stage 6 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

Stage 6 is the final official harmonized standard and is not avail-
able for comment. This information is published for informa-
tional purposes only. New or revised text to Stage 6
documents is marked with symbols that indicate the publication
in which the book or Supplement becomes official.

Review material to see whether af-
fected by any changes.
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Other Sections

Expert Committee Designations
Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the develop-
ment of standards

Staff Directory
Names of key USP Standards Division staff members, including Scientific Liaisons, with contact information

Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Guidelines on how to comment
� Publication and comment schedules

Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested

parties
� Discussions of issues on which USP desires public input prior to further development

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

Index
Cumulative directory for the content of all issues of PF beginning with PF 36(1)

Chromatographic Columns Used in USP–NF and Pharmacopeial Forum
Update of chromatographic columns based on the proposals published in this issue of PF
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EXPERT COMMITTEE DESIGNATIONS*

2005–2010

AER Aerosols

BB BBP B&B Blood and Blood Products

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

BB PP B&B Proteins and Polysaccharides

BB VV B&B Vaccines and Virology

BPC Biopharmaceutics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DS-GC Dietary Supplements—General Chapters

DSI Dietary Supplements—Information

DSN Dietary Supplements—Non-Botanicals

DS-PS Dietary Supplements—Performance Standards

EGC Excipient General Chapters

EM1 Excipient Monographs 1

EM2 Excipient Monographs 2

FI Food Ingredients

GC General Chapters

GTMDB General Toxicity and Medical Device Biocompatibility

IH International Health

MSA Microbiology and Sterility Assurance

MD-ANT Monograph Development—Antibiotics

MD-AA Monograph Development—Antivirals and Antimicrobials

MD-CV Monograph Development—Cardiovascular

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

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

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

MD-PP Monograph Development—Psychiatrics and Psychoactives

MD-PS Monograph Development—Pulmonary and Steroids

NOM Nomenclature

P&S Packaging and Storage

PPI Parenteral Products—Industrial

PDF Pharmaceutical Dosage Forms

PW Pharmaceutical Waters

RI Radiopharmaceutical Information

RMI Radiopharmaceuticals and Medical Imaging Agents

RS Reference Standards

SCC Sterile Compounding

SMU Safe Medication Use

STAT Statistics
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EXPERT COMMITTEE DESIGNATIONS* (Continued)

2005–2010

VET Veterinary Drugs

VMI Veterinary Medicine Information

* HDQ Indicates USP Headquarters items.
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STAFF DIRECTORY

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

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

identified. The fax number is (301) 816-8373.

STAFF E-MAIL PHONE CONTACT FOR

Clydewyn M. Anthony, Ph.D.,
Senior Scientific Liaison

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

Fouad Atouf, Ph.D.,
Scientific Liaison

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

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Healthcare Quality Standards

scb@usp.org (301) 816-8216 Sterile Compounding

William E. Brown,
Senior Scientific Liaison

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

Forms (PDF)

Damián A. Cairatti,
Senior Scientific Liaison (Spanish)

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

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234

Behnam Davani, Ph.D.,
Senior Scientific Liaison

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

Natalia Davydova, Ph.D.,
Scientific Liaison

nd@usp.org (301) 816-8328 Dietary Supplements
Performance Standards (DS-PS)

Anthony DeStefano, Ph.D.,
Vice President, General Chapters

ajd@usp.org (301) 230-6303 General Chapters

Susan S. de Mars, J.D.,
General Counsel and Chief Documentary
Standards Officer

sdm@usp.org (301) 816-8296 Documentary Standards Division

Shawn F. Dressman, Ph.D.,
Vice President, Standards Acquisition

sfd@usp.org (301) 816-8261 New Monograph and Reference
Standards Acquisition

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

gig@usp.org (301) 816-8343

Brian D. Gilbert, Ph.D.,
Technical Services Manager

bg@usp.org (301) 816-8223

Elena Gonikberg, Ph.D.,
Senior Scientific Liaison

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

Veterinary Drugs (VET)

James Griffiths, Ph.D.,
Vice President, Food, Dietary Supplement,
and Excipient Standards

jg@usp.org (301) 998-6811

Linda Guard,
Vice President, Publications

lmg@usp.org (301) 816-8309

Antonio Hernandez-Cardoso, M.Sc.,
Scientific Liaison, Latin American
Specialist

ahc@usp.org (301) 816-8308 USP–NF Spanish Edition;
General Chapters (GC);
Pharmaceutical Waters (PW)

Desmond G. Hunt, Ph.D.,
Scientific Liaison

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

Parenteral Products—Industrial
(PPI)

Barbara Jones, Ph.D.,
Director, Reference Standards Evaluation

bjj@usp.org (301) 230-6325 Reference Standards

Alexey Khrenov, Ph.D.,
Associate Scientific Liaison

ak@usp.org (301) 998-6335 B&B Proteins and Polysaccharides
(BB PP)
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STAFF E-MAIL PHONE CONTACT FOR

William F. Koch, Ph.D.,
Chief Standards Acquisition and Metrology
Officer

wfk@usp.org (301) 816-8562 Reference Materials Division

Robert Lafaver,
Scientific Liaison

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

Kristie Laurvick, M.S.,
Scientific Liaison

kxb@usp.org (301) 816-8356 Food Ingredients (FI)

Markus Lipp, Ph.D.,
Director, Foods Standards

mxl@usp.org (301) 816-6366 Food Ingredients (FI)

Angela G. Long, M.S., Pharm.
Vice President, Healthcare Quality
and Compendial Affairs/
Executive Secretariat

agl@usp.org (301) 816-8382

Feiwen Mao, M.S.,
Scientific Liaison

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

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

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

Forms (PDF);
Reagents

Jeff Moore, Ph.D.,
Scientific Liaison

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

Kevin Moore, Ph.D.,
Senior Scientific Liaison

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

Tina S. Morris, Ph.D.,
Vice President, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397

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

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

Morgan Puderbaugh,
Associate Scientific Liaison

mxp@usp.org (301) 998-6833 Small Molecules Monographs

Sujatha Ramakrishna, Ph.D.,
Scientific Liaison

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

Hariram Ramanathan, Ph.D.,
Associate Scientific Liaison

hr@usp.org (301) 816-8313 Small Molecules Monographs

Ravi Ravichandran, Ph.D.,
Senior Scientific Liaison

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

Radiopharmaceuticals and Medical
Imaging Agents (RMI)

Karen A. Russo, Ph.D.,
Vice President, Small Molecules

kar@usp.org (301) 816-8379

Leonel Santos, Ph.D.,
Senior Scientific Liaison

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

Dandapantula Sarma, Ph.D.,
Senior Scientific Liaison

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

Rick Schnatz, Pharm.D.,
Scientific Liaison

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

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

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Senior Scientific Liaison

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

Catherine M. Sheehan, M.S.,
Director, Excipients

cxs@usp.org (301) 816-8262 Excipients
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STAFF E-MAIL PHONE CONTACT FOR

Tom Sigambris, M.S.,
Scientific Liaison

tzs@usp.org (301) 998-6789 B&B Vaccines and Virology (BB VV);
Proteins and Polysaccharides

(BB PP) (small peptides)

Anita Y. Szajek, Ph.D.,
Senior Scientific Liaison

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

Radhakrishna S. Tirumalai, Ph.D.,
Senior Scientific Liaison

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

Microbiology and Sterility
Assurance (MSA)

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientific Liaison

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

Domenick Vicchio, Ph.D.,
Senior Scientific Liaison

dwv@usp.org (301) 998-6828 Monograph Development—
Pulmonary and Steroids (MD-PS)

Mary ‘‘Jeanie’’ Waddell,
Scientific Liaison

msw@usp.org (301) 816-8124 Monograph Development—
Pulmonary and Steroids (MD-PS)

Hong Wang, Ph.D.,
Scientific Liaison

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

Excipient General
Chapters (EGC)

Lili Wang,
Technical Services Scientist

lw@usp.org (301) 816-8129 USP Reference Standards
Evaluation

Andrzej Wilk, Ph.D.,
Senior Scientific Liaison

aw@usp.org (301) 816-8305 Nomenclature (NOM)

Ahalya Wise, M.S.,
Scientific Liaison

aww@usp.org (301) 816-8161 Monograph Development—
Antibiotics (MD-ANT)

Kahkashan Zaidi, Ph.D.,
Senior Scientific Liaison

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

This section provides general information resources for USP–NF standards and processes. Information resources include
announcements on scientific and policy issues currently under consideration, schedules for USP publications, and
schedules for comment periods for proposed standards.
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CALL FOR CANDIDATES FOR 2010–2015 EXPERT
COMMITTEE MEMBERS. In accordance with the
Bylaws of the USP Convention, USP has issued a Call
for Candidates for 2010–2015 Expert Committee
members in the areas of Nomenclature, Smal l
Molecules, Biologics and Biotechnology, Excipients,
General Chapters, Reference Standards, Compounding,
Food Ingredients, and Dietary Supplements. In the
2010–2015 cycle, USP is expanding the number of
Expert Panels that report to Expert Committees.

The deadline for applications for Expert Committee
members is May 15, 2010. Recruitment for Expert Panel
members will begin in July 2010 and will be continuous.

These Expert Committees and Panels align with the new
USP Strategic Plan, which focuses on expanding and en-
hancing USP’s core compendial and standards-setting
activities. The ability to add Expert Panels according to
USP’s needs introduces flexibility and scalability into
USP’s activities. USP plans to continue to attract a global
base of experts and therefore encourages any qualified
individual to apply. Importantly, this approach also en-
ables USP to closely align its documentary and Reference
Standards activities for a more efficient standards-setting
process.

Specific Expert Committees and Expert Panels for which
USP is seeking candidates are listed at USP’s nominations
Web site (www.usp.org/goto/nominate).

For further information, please contact Nelufar Mohajeri,
Director, Volunteer Affairs and Compendial Initiatives
(nym@usp.org or nominate@usp.org).

USP POSTS COMMENTARY TO INTERIM REVISION
ANNOUNCEMENTS ON THE USP WEB SITE. In order
to maintain transparency for revisions made to proposed
Interim Revision Announcements that become official in PF,
USP posts commentary for the proposed Interim Revision
Announcements on the Revisions and Commentary web
page on the date that the official standard is released
in PF. Note that commentary to In-Process Revisions is
posted on the Revisions and Commentary web page
under the final book or supplement where the official
standard appears. Commentary is not part of the official
text of the monograph and is not intended to be
enforceable by regulatory authorities. Rather, it explains
the basis of the Expert Committee’s response to public
comments. If there is a difference between the
contents of the Commentary section and the official
monograph, the text of the official monograph
preva i l s . In case o f a d i spute or ques t ion o f
interpretation, the language of the official text, alone
and independent of the Commentary section, shall
prevail.

PHARMACOPEIAL FORUM PUBLIC REVIEW AND
COMMENT PERIOD DEADLINES. The USP welcomes
and encourages interested parties to submit comments
and data regarding potential, proposed, or adopted
(official) standards. In accordance with the Rules and
Procedures of the 2005–2010 Council of Experts, USP
has implemented a 90-day comment period by
providing a deadline for each issue of PF unless
otherwise stated in the individual briefing. The listing of
comment period deadlines and the targeted official
publications appears below.

Pharmacopeial
Forum

Comment
Deadline

Targeted Official
Publication Release Date Official Date

PF 35(6) February 15, 2010 USP 34–NF 29 November 2010 May 1, 2011

PF 36(1) April 15, 2010

PF 36(2) June 15, 2010 USP 34–NF 29 1st Supple-
ment

February 2011 August 1, 2011

PF 36(3) August 15, 2010

PF 36(4) October 15, 2010 USP 34–NF 29 2nd Supple-
ment

June 2011 December 1, 2011

PF 36(5) December 15, 2010

PF 36(6) February 15, 2011 USP 35–NF 30 November 2011 May 1, 2012
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All official revisions are published in the annual edition or
Supplements to USP–NF (twice yearly). Between these
publications, official revisions are published in PF in the
Interim Revision Announcement section and incorporated
in the upcoming USP–NF or Supplement. They may also
be published as Revision Bulletins on www.usp.org in the
‘‘New Official Text’’ section. The official publication in
which an Interim Revision Announcement (IRA) is incorpo-

rated depends upon publication deadlines. The electro-
nic version of USP–NF is updated as each Supplement
becomes available and, therefore, contains all official text
up to and including the contents of the latest Supple-
ment. The table below outlines the publications and their
release and official dates, and the USP–NF or Supplement
that supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

USP 33–NF 28
Reissue

March 2010 Date to be announced
(six months after its re-
lease date); visit http://
www.usp.org/USPNF/
recall.html for updated
information)

1st Supplement to USP 33–NF 28
Reissue

IRA [PF 36(1)] January 1, 2010 February 1, 2010 2nd Supplement to USP 33–NF 28
Reissue

1st Supplement to USP 33–NF 28
Reissue

March 2010 Date to be announced
(six months after its re-
lease date); visit http://
www.usp.org/USPNF/
recall.html for updated
information)

2nd Supplement to USP 33–NF 28
Reissue

IRA [PF 36(2)] March 1, 2010 April 1, 2010 2nd Supplement to USP 33–NF 28
Reissue

IRA [PF 36(3)] May 1, 2010 June 1, 2010 USP 34–NF 29

2nd Supplement to USP 33–NF 28
Reissue

June 1, 2010 December 1, 2010 USP 34–NF 29

IRA [PF 36(4)] July 1, 2010 August 1, 2010 1st Supplement to USP 34–NF 29

IRA [PF 36(5)] September 1, 2010 October 1, 2010 1st Supplement to USP 34–NF 29

IRA [PF 36(6)] November 1, 2010 December 1, 2010 2nd Supplement to USP 34–NF 29

USP 34–NF 29 November 1, 2010 May 1, 2011 1st Supplement to USP 34–NF 29

CUMULATIVE EDITIONS. USP–NF is available in print,
CD, and online formats. For the CD and online
formats, each new edition or Supplement integrates
content from all previous editions to date.

USP 33–NF 28 Reissue of New and Revised Monographs
and Other Official Text, combined with the print USP
32–NF 27 and its Supplements, constitutes the official
print version of USP 33–NF 28 Reissue.

PRIORITY NEW MONOGRAPH ITEMS. The following
lists contain monographs USP is seeking for drug
substances and drug products that are or will be off
patent within 5 years. These are articles that have been

approved by the FDA and are published in the
Approved Drug Products with Therapeutic Equivalence
Evaluations (Orange Book). This list has been updated
as of December 10, 2009.

Monograph sponsors shou ld consu l t the USP
Guideline for Submitt ing Requests for Revis ion to
USP–NF at http://www.usp.org/USPNF/submit
Monograph/subGuide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Small Molecules (Drug Substances)—As of December 10, 2009

1. Acamprosate Calcium 2. Acrivastine 3. Adapalene

4. Aliskiren Fumarate 5. Almotriptan Malate 6. Alosetron Hydrochloride

7. Ambenonium Chloride 8. Amlexanox 9. Amphetamine Aspartate

10. Amprenavir 11. Argatroban 12. Asenapine Maleate

13. Auranofin 14. Azacitidine 15. Bendamustine Hydrochloride

16. Bentoquatam 17. Bepotastine Besylate 18. Besifloxacin Hydrochloride

19. Bimatoprost 20. Bismuth Subcitrate Potassium 21. Brimonidine Tartrate

22. Bromfenac Sodium 23. Butenafine Hydrochloride 24. Caffeine Citrate

25. Calcium Trisodium Pentetate 26. Calfactant 27. Ceftibuten

28. Cetrorelix 29. Cevimeline Hydrochloride 30. Cidofovir
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Small Molecules (Drug Substances)—As of December 10, 2009 (Continued)

31. Cisatracurium Besylate 32. Colesevelam Hydrochloride 33. Cysteamine Bitartrate

34. Darifenacin Hydrobromide 35. Decitabine 36. Desirudin

37. Dextroamphetamine Saccharate 38. Diclofenac Epolamine 39. Diltiazem Malate

40. Doripenem 41. Doxacurium Chloride 42. Dronedarone Hydrochloride

43. Enfuvirtide 44. Entecavir 45. Eplerenone

46. Eprosartan Mesylate 47. Eptifibatide 48. Ertapenem Sodium

49. Esomeprazole Sodium 50. Eszopiclone 51. Ethanolamine Oleate

52. Etoposide Phosphate 53. Exemestane 54. Ezetimibe

55. Felbamate 56. Ferric Hexacyanoferrate (Prussian
Blue)

57. Ferric Sodium Gluconate

58. Fomepizole 59. Fosaprepitant Dimeglumine 60. Frovatriptan Succinate

61. Gadobenate Dimeglumine 62. Gadofosveset Trisodium 63. Gadopentetic Acid

64. Gadoxetate Disodium 65. Gallium Nitrate 66. Ganciclovir Sodium

67. Ganirelix Acetate 68. Guanidine Hydrochloride 69. Ibutilide Fumarate

70. Iloperidone 71. Imipramine Pamoate 72. Imiquimod

73. Isosulfan Blue 74. Ketotifen Fumarate 75. Lepirudin

76. Levocetirizine Dihydrochloride 77. Lodoxamide Tromethamine 78. Loteprednol Etabonate

79. Loxapine Hydrochloride 80. Melphalan Hydrochloride 81. Memantine Hydrochloride

82. Mequinol 83. Methylnaltrexone Bromide 84. Midazolam Hydrochloride

85. Mifepristone 86. Milrinone Lactate 87. Nabilone

88. Nelarabine 89. Nepafenac 90. Nesiritide Citrate

91. Nilutamide 92. Nisoldipine 93. Norelgestromin

94. Oxiconazole Nitrate 95. Paliperidone 96. Palonosetron Hydrochloride

97. Pemetrexed Disodium 98. Pemirolast Potassium 99. Perindopril Erbumine

100. Piperonyl Butoxide 101. Pitavastatin 102. Podofilox

103. Poractant Alfa 104. Porfimer Sodium 105. Prasugrel Hydrochloride

106. Pyrilamine Tannate 107. Quinupristin 108. Rabeprazole Sodium

109. Rifapentine 110. Rufinamide 111. Sertaconazole Nitrate

112. Sevelamer Carbonate 113. Sevelamer Hydrochloride 114. Silodosin

115. Sirolimus 116. Sodium Phenylbutyrate 117. Sparfloxacin

118. Streptozocin 119. Tazarotene 120. Temozolomide

121. Temsirolimus 122. Teniposide 123. Tetrabenazine

124. Tiludronate Disodium 125. Tiopronin 126. Tipranavir

127. Tirofiban 128. Tolterodine Tartrate 129. Tolvaptan

130. Topotecan Hydrochloride 131. Toremifene Citrate 132. Trastuzumab

133. Treprostinil 134. Triptorelin Pamoate 135. Trypan Blue

136. Unoprostone Isopropyl 137. Vigabatrin 138. Zafirlukast

139. Zanamivir 140. Zinc Trisodium Pentetate 141. Zolmitriptan

Small Molecules (Drug Products)—As of December 10, 2009

1. Acamprosate Delayed-Release Tablets 2. Acetazolamide Extended-Release
Capsules

3. Acetylcysteine Injection

4. Acrivastine and Pseudoephedrine
Hydrochloride Capsules

5. Acyclovir Cream 6. Adapalene and Benzoyl Peroxide Gel

7. Adapalene Gel 8. Albuterol and Ipratropium Bromide
Inhalation Solution

9. Albuterol Extended-Release Tablets

10. Aliskiren and Hydrochlorothiazide
Tablets

11. Aliskiren and Valsartan Tablets 12. Aliskiren Tablets

13. Allopurinol for Injection 14. Almotriptan Tablets 15. Alosetron Tablets

16. Alprazolam Extended-Release
Tablets

17. Amantadine Hydrochloride Tablets 18. Ambenonium Chloride Tablets

19. Amiodarone Hydrochloride Injec-
tion

20. Amlexanox Oral Paste 21. Amlodipine and Benazepril Hydro-
chloride Capsules

22. Amoxicillin and Clavulanate Potassi-
um Chewable Tablets

23. Amoxicillin Chewable Tablets 24. Amphetamine Aspartate, Amphet-
amine Sulfate, Dextroamphetamine Sac-
charate, and Dextroamphetamine
Sulfate Tablets

25. Amprenavir Solution 26. Anastrozole Tablets 27. Antazoline Phosphate and Naphazo-
line Hydrochloride Ophthalmic Solution
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Small Molecules (Drug Products)—As of December 10, 2009 (Continued)

28. Apomorphine Hydrochloride Injec-
tion

29. Argatroban Injection 30. Aripiprazole Orally Disintegrating
Tablets

31. Aripiprazole Tablets 32. Asenapine Tablets 33. Atovaquone and Proguanil Hydro-
chloride Tablets

34. Atropine and Pralidoxime Chloride
Injection

35. Auranofin Capsules 36. Avobenzone, Ecamsule, and Octocry-
lene Cream

37. Avobenzone, Ecamsule, Octocry-
lene, and Titanium Dioxide Cream

38. Azacitidine for Injectable Suspension 39. Azelaic Acid Cream

40. Azelastine Hydrochloride Nasal
Spray

41. Azelastine Hydrochloride Ophthal-
mic Solution

42. Baclofen Injection

43. Beclomethasone Dipropionate Inha-
lation Aerosol

44. Beclomethasone Dipropionate
Metered-Dose Nasal Suspension

45. Benazepril Hydrochloride and Hydro-
chlorothiazide Tablets

46. Bendamustine Hydrochloride for
Injection

47. Bendamustine Hydrochloride Injec-
tion

48. Bentoquatam Topical Suspension

49. Benzphetamine Hydrochloride
Tablets

50. Bepotastine Besylate Ophthalmic
Solution

51. Besifloxacin Ophthalmic Suspension

52. Bimatoprost Ophthalmic Solution 53. Bismuth Subcitrate Potassium, Me-
tronidazole, and Tetracycline Capsules

54. Brimonidine Tartrate Ophthalmic So-
lution

55. Bromfenac Sodium Ophthalmic So-
lution

56. Brompheniramine Maleate, Dextro-
methorphan Hydrobromide, and
Pseudoephedrine HCl Oral Solution

57. Buffered Didanosine for Oral Solution

58. Bupivacaine and Lidocaine Hydro-
chlorides Injection

59. Buprenorphine Hydrochloride Injec-
tion

60. Buspirone Hydrochloride Capsules

61. Busulfan Injection 62. Butalbital and Acetaminophen
Capsules

63. Butalbital and Acetaminophen Tablets

64. Butalbital, Acetaminophen, Caf-
feine, and Codeine Phosphate Capsules

65. Butenafine Hydrochloride Cream 66. Calcipotriene Cream

67. Calcipotriene Ointment 68. Calcipotriene Topical Solution 69. Calcitriol Capsules

70. Calcitriol Ointment 71. Calcitriol Oral Solution 72. Calcium Acetate Capsules

73. Calfactant Intratracheal Suspension 74. Candesartan Cilexetil and Hydro-
chlorothiazide Tablets

75. Candesartan Cilexetil Tablets

76. Carbidopa and Levodopa Orally
Disintegrating Tablets

77. Carbidopa Tablets 78. Carmustine Implant

79. Cefdinir Tablets 80. Cefepime Injection 81. Cefotaxime Sodium and Dextrose
Injection

82. Ceftibuten Capsules 83. Ceftibuten for Oral Suspension 84. Cetirizine Hydrochloride Chewable
Tablets

85. Cetrorelix Injection 86. Cevimeline Hydrochloride Capsules 87. Ciclopirox Nail Lacquer

88. Ciclopirox Shampoo 89. Ciclopirox Topical Gel 90. Cidofovir Injection

91. Cimetidine Oral Solution 92. Ciprofloxacin Hydrochloride and
Hydrocortisone Otic Suspension

93. Ciprofloxacin Oral Solution

94. Ciprofloxacin Oral Suspension 95. Ciprofloxacin Otic Solution 96. Ciprofloxacin Powder

97. Cisatracurium Injection 98. Cisplatin Injection 99. Citric Acid, Gluconolactone, and
Magnesium Carbonate Irrigation

100. Cladribine Injection 101. Clemastine Fumarate Syrup 102. Clemastine Fumarate, Acetamino-
phen, and Pseudoephedrine Hydrochlor-
ide Tablets

103. Clindamycin Phosphate and
Benzoyl Peroxide Topical Gel

104. Clobetasol Propionate Gel 105. Clobetasol Propionate Lotion

106. Clorazepate Dipotassium
Extended-Release Tablets

107. Clotrimazole and Betamethasone
Dipropionate Lotion

108. Colesevelam Hydrochloride Oral
Suspension

109. Conjugated Estrogens and Me-
droxyprogesterone Acetate Tablets

110. Conjugated Estrogens Vaginal
Cream

111. Cysteamine Bitartrate Capsules

112. Cytarabine Injection 113. Dalfopristin and Quinupristin Injec-
tion

114. Decitabine for Injection

115. Desirudin for Injection 116. Dexrazoxane for Injection 117. Dextroamphetamine Sulfate
Extended-Release Capsules

118. Diazepam Injectable Emulsion 119. Diazepam Rectal Gel 120. Diclofenac Epolamine Topical Patch

121. Diclofenac Sodium Ophthalmic
Solution

122. Didanosine Delayed-Release
Capsules

123. Didanosine for Buffered Oral Sus-
pension

124. Diethylpropion Hydrochloride
Extended-Release Tablets

125. Diltiazem Hydrochloride Extended-
Release Tablets

126. Dinoprostone Vaginal Suppositories

127. Diphenhydramine and Ibuprofen
Capsules

128. Diphenhydramine Citrate and Ibu-
profen Tablets

129. Diphenhydramine Hydrochloride
and Acetaminophen Tablets
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Small Molecules (Drug Products)—As of December 10, 2009 (Continued)

130. Diphenhydramine Hydrochloride
Tablets

131. Docetaxel for Injection 132. Docetaxel Injection

133. Doripenem for Injection 134. Dorzolamide and Timolol Ophthal-
mic Solution

135. Dorzolamide Ophthalmic Solution

136. Doxacurium Chloride Injection 137. Doxazosin Extended-Release
Tablets

138. Doxycycline Oral Gel

139. Doxycycline Tablets 140. Dronedarone Tablets 141. Econazole Nitrate Cream

142. Edrophonium Chloride and Atro-
pine Sulfate Injection

143. Efavirenz Tablets 144. Enalapril Maleate and Felodipine
Extended-Release Tablets

145. Enfuvirtide for Injection 146. Entecavir Oral Solution 147. Entecavir Tablets

148. Epirubicin Hydrochloride for Injec-
tion

149. Epirubicin Hydrochloride Injection 150. Eplerenone Tablets

151. Epoprostenol for Injection 152. Epoprostenol Injection 153. Eprosartan Mesylate and Hydro-
chlorothiazide Tablets

154. Eprosartan Tablets 155. Eptifibatide Injection 156. Ergotamine Tartrate, Belladonna Al-
kaloids, and Phenobarbital Extended-Re-
lease Tablets

157. Escitalopram Oral Solution 158. Esmolol Hydrochloride Injection 159. Esomeprazole Sodium Injection

160. Estradiol and Norethindrone Ace-
tate Transdermal System

161. Estradiol and Norgestimate Tablets 162. Estradiol Gel

163. Estradiol Topical Emulsion 164. Estramustine Phosphate Sodium
Capsules

165. Eszopiclone Tablets

166. Ethanolamine Oleate Injection 167. Ethinyl Estradiol and Levonorges-
trel Transdermal System 1

168. Exemestane Tablets

169. Famotidine Chewable Tablets 170. Famotidine Orally Disintegrating
Tablets

171. Famotidine, Calcium Carbonate,
and Magnesium Hydroxide Tablets

172. Felbamate Oral Suspension 173. Felbamate Tablets 174. Fenofibrate Tablets

175. Fentanyl Buccal Soluble Film 176. Fentanyl Lozenges 177. Ferric Sodium Gluconate Injection

178. Flunisolide Inhalation Aerosol 179. Flunisolide Nasal Spray 180. Fluocinolone Acetonide Shampoo

181. Fluorescein Sodium Injection 182. Fluorescein Sodium Ophthalmic
Solution

183. Fluorometholone Ointment

184. Fomepizole for Injection 185. Fomepizole Injection 186. Fosaprepitant Dimeglumine for In-
jection

187. Foscarnet Sodium Injection 188. Fosfomycin for Oral Solution 189. Frovatriptan Succinate Tablets

190. Gadobenate Dimeglumine Injec-
tion

191. Gadofosveset Trisodium Injection 192. Gadoxetate Disodium Injection

193. Galantamine Extended-Release
Capsules

194. Gallium Nitrate Injection 195. Ganciclovir Capsules

196. Ganciclovir Ophthalmic Gel 197. Ganirelix Acetate Injection 198. Glipizide Extended-Release Tablets

199. Granisetron Transdermal System 200. Guanfacine Extended-Release
Tablets

201. Guanidine Hydrochloride Tablets

202. Halobetasol Propionate Cream 203. Halobetasol Propionate Ointment 204. Haloperidol Decanoate Injection

205. Hydralazine Hydrochloride and
Hydrochlorothiazide Capsules

206. Hydrocodone Bitartrate and Aceta-
minophen Oral Solution

207. Hydrocodone Bitartrate and Aspirin
Tablets

208. Hydrocodone Bitartrate and Ho-
matropine Methylbromide Syrup

209. Hydrocodone Bitartrate and Ibu-
profen Tablets

210. Hydrocortisone Acetate Dental Paste

211. Hydrocortisone Acetate Rectal
Foam Aerosol

212. Hydrocortisone Topical Aerosol 213. Hydroquinone Lotion

214. Ibandronate Sodium Injection 215. Ibuprofen and Pseudoephedrine
Hydrochloride Capsules

216. Ibuprofen and Pseudoephedrine
Hydrochloride Suspension

217. Ibuprofen Chewable Tablets 218. Ibutilide Fumarate Injection 219. Idarubicin Hydrochloride Injection

220. Iloperidone Tablets 221. Imipramine Pamoate Capsules 222. Imiquimod Cream

223. Insoluble Prussian Blue Capsules 224. Iohexol Solution 225. Irinotecan Hydrochloride Injection

226. Isosulfan Blue Injection 227. Isradipine Extended-Release
Tablets

228. Itraconazole Capsules

229. Ketoconazole Cream 230. Ketoconazole Shampoo 231. Ketorolac Tromethamine Ophthal-
mic Solution

232. Ketotifen Fumarate Ophthalmic
Solution

233. Lamotrigine Chewable Tablets 234. Lamotrigine Orally Disintegrating
Tablets

235. Lansoprazole Capsules 236. Latanoprost Ophthalmic Solution 237. Lepirudin for Injection

238. Leucovorin Calcium for Injection 239. Levetiracetam Extended-Release
Tablets

240. Levetiracetam Injection
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Small Molecules (Drug Products)—As of December 10, 2009 (Continued)

241. Levocetirizine Dihydrochloride
Oral Solution

242. Levocetirizine Dihydrochloride
Tablets

243. Levofloxacin and Sodium Chloride
Injection

244. Levofloxacin Injection 245. Levofloxacin Ophthalmic Solution 246. Levofloxacin Tablets

247. Levonorgestrel Tablets 248. Lidocaine and Tetracaine Topical
Patch

249. Lidocaine Oral Transmucosal System

250. Lidocaine Transdermal System 251. Liothyronine Injection 252. Lodoxamide Ophthalmic Solution

253. Loperamide Hydrochloride and
Simethicone Chewable Tablets

254. Loperamide Hydrochloride and
Simethicone Tablets

255. Loratadine Chewable Tablets

256. Loratadine Oral Suspension 257. Loteprednol Etabonate and Tobra-
mycin Ophthalmic Suspension

258. Loteprednol Etabonate Ophthalmic
Suspension

259. Loxapine Hydrochloride Injection 260. Loxapine Hydrochloride Oral Solu-
tion

261. Mannitol Irrigation

262. Melphalan for Injection 263. Memantine Hydrochloride Tablets 264. Menthol and Methyl Salicylate
Transdermal System

265. Mequinol and Tretinoin Topical
Solution

266. Mesalamine Suppositories 267. Mesna Injection

268. Methacholine Chloride for Inhala-
tion Solution

269. Methamphetamine Hydrochloride
Extended-Release Tablets

270. Methocarbamol and Aspirin Tablets

271. Methylnaltrexone Bromide Injec-
tion

272. Methylphenidate Hydrochloride
Chewable Tablets

273. Metipranolol Ophthalmic Solution

274. Metronidazole Cream 275. Metronidazole Hydrochloride for
Injection

276. Metronidazole Lotion

277. Miconazole Nitrate Ointment 278. Midazolam Oral Suspension 279. Milrinone Injection

280. Minocycline Hydrochloride
Extended-Release Tablets

281. Misoprostol and Diclofenac So-
dium Tablets

282. Moexipril Hydrochloride and Hydro-
chlorothiazide Tablets

283. Moexipril Hydrochloride Tablets 284. Montelukast Chewable Tablets 285. Montelukast Oral Granules

286. Morphine Sulfate and Naltrexone
Hydrochloride Extended-Release
Capsules

287. Morphine Sulfate Oral Solution 288. Morphine Sulfate Oral Solution
Concentrate

289. Mycophenolate Mofetil Oral Solu-
tion

290. Nabilone Capsules 291. Nalbuphine Hydrochloride Injection

292. Naproxen Extended-Release
Tablets

293. Naproxen Sodium Capsules 294. Nelarabine Injection

295. Nelfinavir Tablets 296. Neomycin Sulfate Oral Powder 297. Nepafenac Ophthalmic Suspension

298. Nesiritide for Injection 299. Nicardipine Hydrochloride Cap-
sules

300. Nicardipine Hydrochloride
Extended-Release Capsules

301. Nicardipine Hydrochloride Injec-
tion

302. Nicotine Inhaler 303. Nicotine Metered-Dose Nasal Inha-
ler

304. Nicotine Polacrilex Lozenge 305. Nilutamide Tablets 306. Nisoldipine Extended-Release
Tablets

307. Nitroglycerin Solution In Acrylic
Adhesive

308. Nizatidine Tablets 309. Norelgestromin and Ethinyl Estradiol
Transdermal System

310. Ofloxacin Otic Solution 311. Olanzapine for Injection 312. Olopatadine Hydrochloride Nasal
Spray

313. Olsalazine Sodium Capsules 314. Omeprazole Delayed-Release
Tablets

315. Orphenadrine Citrate, Aspirin, and
Caffeine Tablets

316. Oxcarbazepine Suspension 317. Oxiconazole Cream 318. Oxymorphone Hydrochloride
Tablets

319. Paclitaxel for Suspension 320. Paliperidone Extended-Release
Tablets

321. Palonosetron Capsules

322. Palonosetron Hydrochloride Injec-
tion

323. Pantoprazole Sodium for Delayed-
Release Suspension

324. Paroxetine Oral Suspension

325. Pazopanib Tablets 326. Peg 3350 for Oral Solution 327. Pemetrexed for Injection

328. Pemirolast Potassium Ophthalmic
Solution

329. Pentamidine Isethionate for Inhala-
tion

330. Pentamidine Isethionate for Injec-
tion

331. Pentobarbital Sodium Supposi-
tories

332. Phendimetrazine Tartrate
Extended-Release Capsules

333. Phenobarbital Capsules

334. Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Extended-
Release Capsules

335. Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Syrup

336. Phenylephrine Hydrochloride,
Chlorpheniramine Maleate, and Acetami-
nophen Extended-Release Tablets

337 . P i loca rp ine Hydroch lo r ide
Ophthalmic Gel

338 . P i l oca rp ine Hydroch lo r ide
Ophthalmic Ointment

339. Piperonyl Butoxide and Pyrethrins
Aerosol Foam

340. Pitavastatin Tablets 341. Podofilox Gel 342. Podofilox Topical Solution

343. Poractant Alfa Suspension 344. Porfimer Sodium for Injection 345. Povidone-Iodine Gauze
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Small Molecules (Drug Products)—As of December 10, 2009 (Continued)

346. Povidone-Iodine Topical Aerosol
Foam

347. Pramipexole Dihydrochloride
Tablets

348. Prasugrel Tablets

349. Prednisolone Sodium Phosphate
Oral Solution

350. Progesterone Vaginal Gel 351. Propafenone Hydrochloride
Extended-Release Capsules

352. Propafenone Hydrochloride
Tablets

353. Propranolol Hydrochloride
Extended-Release Tablets

354. Pseudoephedrine Hydrochloride
and Brompheniramine Maleate
Extended-Release Tablets

355. Pseudoephedrine Hydrochloride
and Naproxen Sodium Extended-
Release Tablets

356. Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Co-
deine Phosphate Oral Solution

357. Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Ibupro-
fen Oral Suspension

358. Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Ibupro-
fen Tablets

359. Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Extended-
Release Tablets

360. Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Oral Solution

361. Pseudoephedrine Sulfate, Dex-
brompheniramine Maleate, and Aceta-
minophen Extended-Release Tablets

362. Pyrilamine Maleate Injection 363. Quetiapine Fumarate Tablets

364. Quinapril and Hydrochlorothiazide
Tablets

365. Rabeprazole Sodium Delayed-
Release Tablets

366. Ranitidine Effervescent Tablets

367. Rifapentine Tablets 368. Rimantadine Hydrochloride Oral
Solution

369. Rivastigmine Tartrate Oral Solution

370. Rivastigmine Transdermal System 371. Rizatriptan Benzoate Orally-
Disintegrating Tablets

372. Rizatriptan Benzoate Tablets

373. Rocuronium Bromide Injection 374. Ropinirole Extended-Release
Tablets

375. Rosiglitazone and Metformin Hydro-
chloride Tablets

376. Rufinamide Tablets 377. Selegiline Hydrochloride Capsules 378. Sertaconazole Nitrate Cream

379. Sertraline Hydrochloride Oral
Solution

380. Sevelamer Carbonate Oral Powder 381. Sevelamer Tablets

382. Sibutramine Hydrochloride
Capsules

383. Silodosin Capsules 384. Simvastatin Orally Disintegrating
Tablets

385. Sirolimus Oral Solution 386. Sodium Phenylbutyrate Oral Pow-
der

387. Sodium Phenylbutyrate Tablets

388. Sodium Phosphates Tablets 389. Sodium Salicylate and Sulfur
Shampoo

390. Sotalol Hydrochloride Injection

391. Sparfloxacin Tablets 392. Sterile Epinephrine Suspension 393. Streptozocin for Injection

394. Sucralfate Oral Suspension 395. Sulconazole Nitrate Cream 396. Sulfacetamide Sodium and Fluoro-
metholone Ophthalmic Suspension

397. Sulfacetamide Sodium and Pred-
nisolone Sodium Phosphate Ophthal-
mic
Solution

398. Sulfasalazine Oral Suspension 399. Sumatriptan Injection

400. Synthetic Conjugated Estrogens
Vaginal Cream

401. Tacrolimus Injection 402. Tacrolimus Ointment

403. Tazarotene Topical Gel 404. Telmisartan and Amlodipine
Tablets

405. Temozolomide Capsules

406. Temsirolimus Injection 407. Teniposide Injection 408. Terbinafine Gel

409. Terbinafine Hydrochloride Cream 410. Terbinafine Hydrochloride Oral
Granules

411. Terbinafine Hydrochloride Topical
Spray

412. Terbinafine Topical Solution 413. Terconazole Vaginal Cream 414. Terconazole Vaginal Suppositories

415. Testosterone Transdermal System 416. Tetrabenazine Tablets 417. Theophylline Elixir

418. Theophylline Extended-Release
Tablets

419. Tiludronate Disodium Tablets 420. Tinidazole Tablets

421. Tioconazole Vaginal Ointment 422. Tiopronin Tablets 423. Tirofiban Injection

424. Tolterodine Tablets 425. Tolvaptan Tablets 426. Topotecan Capsules

427. Topotecan for Injection 428. Toremifene Tablets 429. Torsemide Injection

430. Trandolapril and Verapamil Hydro-
chloride Extended-Release Tablets

431. Tranexamic Acid Injection 432. Tranexamic Acid Tablets

433. Trastuzumab Intravenous Injection 434. Treprostinil Inhalation Solution 435. Tretinoin Capsules

436. Tretinoin Microsphere Gel 437. Triamcinolone Acetonide Metered-
Dose Nasal Suspension

438. Triamcinolone Acetonide Pressurized
Nasal Inhaler

439. Trifluridine Ophthalmic Solution 440. Trimipramine Maleate Capsules 441. Triprolidine and Pseudoephedrine
Hydrochlorides and Codeine Phosphate
Syrup

442. Triptorelin Pamoate Injection 443. Trolamine Salicylate Gel 444. Troleandomycin for Oral Suspension
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Small Molecules (Drug Products)—As of December 10, 2009 (Continued)

445. Trospium Chloride Tablets 446. Trypan Blue Ophthalmic Solution 447. Unoprostone Isopropyl Ophthalmic
Solution

448. Valganciclovir Hydrochloride Oral
Solution

449. Valproic Acid Delayed-Release
Capsules

450. Verapamil Hydrochloride Capsules

451. Verapamil Hydrochloride
Extended-Release Capsules

452. Vigabatrin Tablets 453. Zafirlukast Tablets

454. Zanamivir for Inhalation 455. Zileuton Extended-Release Tablets 456. Zileuton Tablets

457. Zinc Acetate Capsules 458. Ziprasidone for Injection 459. Zoledronic Acid for Injection

460. Zolmitriptan Tablets 461. Zolpidem Tartrate Oral Spray 462. Zolpidem Tartrate Orally Disintegrat-
ing Tablets

INACTIVE INGREDIENTS. The following list contains
monographs USP is seeking for inactive ingredients.
This list has been updated as of December 10, 2009.

Monograph sponsors should consult the USP Guideline
for Submitting Requests for Revision to USP–NF at

http://www.usp.org/USPNF/submitMonograph/sub
Guide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Inactive Ingredients—As of December 10, 2009

1. Acetophenone 2. Acetylated Monoglycerides 3. Acetyltryptophan

4. Beta-Naphthol 5. Calcium Pyrophosphate 6. Cardamom

7. Carmine 8. Cassia Oil 9. Cedar Leaf Oil

10. Cinnamaldehyde 11. Cinnamon 12. Cinnamon Oil

13. Citric Acid, Hydrous 14. Diatomaceous Earth 15. Eucalyptus Oil

16. Hexane 17. Hydrogenated Lanolin 18. Invert Sugar

19. Isobutyl Alcohol 20. Karaya Gum 21. Lime Oil

22. Locust Bean Gum 23. Mannose 24. Monoglycerides

25. Monosodium Citrate 26. Palm Oil, Unhydrogenated 27. Phenethyl Alcohol

28. Polyethylene 29. Polyoxyl 40 Castor Oil 30. Polyoxyl 60 Castor Oil

31. Polyoxyl 60 Hydrogenated Castor
Oil

32. Polypropylene Glycol 33. Polyoxyl 100 Stearate

34. Polyoxyl 2 Stearate 35. Polyoxyl 20 Stearate 36. Polyoxyl 32 Stearate

37. Polyoxyl 400 Stearate 38. Polyoxyl 6 Stearate 39. Polyoxyl 75 Stearate

40. Polyoxyl 8 Stearate 41. Propenyl Guaethol 42. Sodium Carbonate Decahydrate

43. Sodium Nitrate 44. Sodium Trimetaphosphate 45. Spearmint Oil

46. Stannous Chloride Anhydrous 47. t-Butylhydroquinone
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INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Stan-
dards
� Newly adopted (official) revisions to the USP–NF that become official before the official date of the next Supplement or
that were not ready for adoption by the closing date for the upcoming Supplement. (The official date for these revisions is
stated on the next page.)
� Errata

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

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

Where the symbols appear together with no enclosed text, such as .
., it means that text has been deleted and no new

text was proposed to replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the issue
of a given PF volume.

Errata—Errata are considered to be text, erroneously published in the USP–NF or its Supplements, that does not ac-
curately reflect the intended official requirements of the Council of Experts. Beginning with PF 35(2), Errata will be pub-
lished both in the Pharmacopeial Forum and on the usp.org website. At the end of the Interim Revision Announcement
section in this publication is a list of errata and corrections to USP 32–NF 27. The page number indicates where the item
is found in USP–NF. Errata are updated as necessary in each Pharmacopeial Forum issue and also appears on USP’s website
(www.usp.org). This information will also be cumulative in future Supplements, and will appear in its corrected form in the
next annual edition of USP–NF.
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INTERIM REVISION
ANNOUNCEMENT

to USP 32 and to NF 27

By authority of the United States Pharmacopeial Convention, Inc.

Prepared by the Council of Experts and published by the Board of Trustees

Duane M. Kirking, Pharm.D., Ph.D.,
Chair, USP Board of Trustees,

USP Trustee At-Large

Roger L. Williams, M.D., Chief Executive Officer
and Chairman, USP Council of Experts

Susan de Mars, J.D., Chief Documentary Standards Officer and General Counsel
William F. Koch, Ph.D., FACB, Chief Standards Acquisition and Metrology Officer

Released March 1, 2010 Official April 1, 2010

Inquiries regarding USP–NF can be addressed to the USP Executive Secretariat, 12601 Twinbrook Parkway,
Rockville, MD 20852, USA (execsec@usp.org).
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New USP Reference Standards

The following USP Reference Standards, which were
not available when the associated monograph was made
official, have since become available. The respective offi-
cial date of each USP 32 or NF 27 standard, test, or assay
requiring the use of the following USP Reference Stan-
dards is indicated in parentheses after the name of the
Reference Standard. Note that the official date is in par-
entheses.

USP S-Adenosyl-L-homocysteine RS (March 1, 2010)
USP Fludeoxyglucose Related Compound B RS (May 1, 2010)
USP Alpha Lipoic Acid RS (March 1, 2010)
USP Lypressin RS (March 1, 2010)
USP Oleate RS (September 1, 2010)
USP Propylene Glycol Dilaurate RS (May 1, 2010)
USP Valrubicin RS (March 1, 2010)
USP Vasopressin RS (March 1, 2010)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP 32 or NF 27 standards,
tests, or assays requiring the use of the following new
USP Reference Standards are postponed until further no-
tice pending availability of the respective Reference Stan-
dards. This listing was updated as of December 30, 2009.
Please refer to the current USP Catalog for a more up-to-
date availability list. The USP Catalog can be accessed on-
line at http://www.uspcatalog.com.

USP Acarbose RS
USP Acarbose System Suitability Mixture RS
USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Powdered Echinacea pallida Extract RS
USP Eucatropine Hydrochloride RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin Related Compound A RS
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or
pending official publication of USP–NF. If necessary, this list will be updated with every issue of PF. This information will also be available
as a cumulative table in future Supplements and will appear in its corrected form in a future annual edition of USP–NF. An erratum
consists of content erroneously published that does not accurately reflect the intended official or effective requirements as approved
by the Council of Experts. USP staff is available to respond to questions regarding the accuracy of a particular requirement by calling
1-800-822-USPC.

USP32–NF27
Page

Title Section Description

3119 Nortriptyline Hydrochloride
Capsules

Assay Lines 24 and 25 under Procedure : Change
‘‘299.85’’
to: 299.84

3120 Nortriptyline Hydrochloride
Oral Solution

Assay Lines 24 and 25 under Procedure : Change
‘‘299.85’’
to: 299.84
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PROPOSED
INTERIM REVISION
ANNOUNCEMENTS

This section includes proposals for Interim Revision Announcements (IRAs) that will be published as official USP or NF
standards. There is a 60-day comment period for these proposals, beginning on the 15th of the first month of this
Pharmacopeial Forum. The approved official text will be published in a future Pharmacopeial Forum and additionally in
the ‘‘New Official Text’’ section of USP’s web site (www.usp.org). Readers should review material in this section and
provide comments to the Scientific Liaison (use the Staff Directory to find the contact information). Information on
how to comment is found in the Policies and Announcements section. It is important to send comments promptly so that
the Expert Committee members can consider readers’ input as they are deciding whether to advance standards to official
status.

Each proposal is preceded by a Briefing that indicates the proposed revisions.
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IN-PROCESS REVISION
This section contains proposals for adoption as official USP or NF standards (either proposed new standards or proposed
revisions of current USP or NF standards). These may be any of the following: (1) proposed revisions placed directly under
In-Process Revision, or (2) modifications of revisions previously proposed under In-Process Revision. Readers should review
material in this section and provide comments to the staff liaison (use the Staff Directory to find the contact information).
Information on how to comment is found in the Policies and Announcements section. It is important to send comments
promptly so that the Committee members can consider readers’ input as they are deciding whether to advance stan-
dards to official status.

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

BRIEFING

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

(DSI: D. Sarma.) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. Because of
the redesign of monographs, any proposed new text with revisions for USP 33–NF 28 and beyond will be set off from the
current official text by shading where the symbols surround the text changes. Standards that become official as Interim
Revision Announcements (IRAs) in Pharmacopeial Forum will continue to identify changed text in a larger font (print edition
only). All USP–NF revisions use the following symbols that indicate the final destination of the official text: .new text. if
slated for an IRA;

~

new text
~

if slated for USP–NF; and &new text& if slated for a Supplement to USP–NF. The same symbols
not set off by an extra paragraph break and enclosing text with no increase in type size indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as .

., or &
&, or

~

~
, it means that text has

been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA or Supplement or in-
dicates the USP or NF as the publication where the revision will appear if approved. For example, .2 indicates that the
revision is proposed for the Interim Revision Announcement that will appear in issue 2 of a given PF volume, &2S (USP 32)

indicates that the proposed revision is slated for the Second Supplement to USP 32, and
~USP33 and

~NF28 indicates that
the revisions are proposed for USP 33 and NF 28, respectively.

Official Title Changes Where the specification ‘‘Monograph title change’’ is found, it indicates that the official title
stated after that specification will be substituted for the former title in the appropriate places throughout that mono-
graph once this revision becomes official.
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Amlodipine Besylate Tablets (1st Supp to USP 34) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 376
Artemether [new] (1st Supp to USP 34) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 377
Artemether and Lumefantrine Tablets [new] (1st Supp to USP 34) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379
Hydrous Benzoyl Peroxide (1st Supp to USP 34) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382
Bupropion Hydrochloride (1st Supp to USP 34) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 383
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AnalysisUSP MONOGRAPHS Samples:  Standard solution and Sample solution
Calculate the percentage of C20H25ClN2O5 in the portion of
Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

BRIEFING rU = peak response of amlodipine from the Sample
solution

rS = peak response of amlodipine from the Standard
solutionAmlodipine Besylate Tablets,  page 62 of PF 35(1) [Jan.–Feb.

CS = concentration of USP Amlodipine Besylate RS in2009). It is proposed to simplify the quantitation step in the
the Standard solution (mg/mL)Dissolution test.

CU = nominal concentration of amlodipine in the
Sample solution (mg/mL)

Acceptance criteria:  90%–110%(BPC: M. Marques.) RTS—C75799
PERFORMANCE TESTS

Change to read:

Add the following:
• DISSOLUTION 〈711〉

[NOTE—Do not expose any of the solutions to stainless steel
▲Amlodipine Besylate Tablets because of the degradation of amlodipine.]

Medium:  0.01 N of hydrochloric acid; 500 mL
Apparatus 2:  75 rpm. [NOTE—Use paddles covered withDEFINITION
Teflon or made of any inert material except stainless steel.]Amlodipine Besylate Tablets contain NLT 90% and NMT 110% of

Time:  30 minthe labeled amount of amlodipine (C20H25ClN2O5).
Standard stock solution A:  0.14 mg/mL of USP Amlodipine

IDENTIFICATION Besylate RS prepared by dissolving in methanol (4% of the
• A. ULTRAVIOLET ABSORPTION 〈197U〉 volume of the flask). Dilute with Medium to volume.

Standard solution and Sample solution:  Prepare as directed Standard stock solution B:  Prepare as directed for Standard
in the test for Dissolution. stock solution A.

• B.  The retention time of the major peak of the Sample solu- Standard solution A:  Prepare in Medium to obtain solutions
tion corresponds to that of the Standard solution, as obtained having concentrations based on Tablet strength as listed in the
in the Assay. table below.

ASSAY
Concentration of• PROCEDURE
 USP AmlodipineBuffer:  Transfer 7.0 mL of triethylamine to a 1000-mL flask

Standard Stock Besylate RScontaining 900 mL of water. Adjust the solution with phos-
Tablet Strength Used  (µg/mL)phoric acid to a pH of 3.0 ± 0.1. Dilute with water to volume,

and mix well. 2.5 mg Standard stock solution A 3.5
Mobile phase:  Methanol, acetonitrile, and Buffer (7:3:10) 5 mg Standard stock solution A 7
System suitability solution:  0.02 mg/mL of USP Amlodipine 10 mg Standard stock solution A 14Besylate RS and 0.002 mg/mL of USP Amlodipine Related
Compound A RS in Mobile phase Standard solution B:  Prepare in Medium to obtain solutions

Standard solution:  0.02 mg/mL of amlodipine prepared from having concentrations based on Tablet strength as listed in the
USP Amlodipine Besylate RS in Mobile phase table below.

Sample solution:  Transfer 5 Tablets to a 500-mL volumetric
flask. Add 50 mL of Mobile phase to the flask, and swirl to

Concentration ofdisintegrate the Tablets. Add 300 mL of Mobile phase, insert
 USP Amlodipinethe stopper into the flask, and shake on a reciprocating shaker

Standard Stock Besylate RSfor 30 min. Dilute with Mobile phase to volume, and mix well.
Tablet Strength Used  (µg/mL)Further dilute quantitatively and stepwise, if necessary, to ob-

tain a concentration of 0.02 mg/mL of amlodipine. Pass the 2.5 mg Standard stock solution B 7
sample through a 0.45-µm syringe tip filter. 5 mg Standard stock solution B 14

Chromatographic system 10 mg Standard stock solution B 28
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC ■Standard solution:  Make appropriate dilutions of USP
Detector:  UV 237 nm Amlodipine Besylate RS in Medium to obtain the following
Column:  3.9-mm × 15-cm; 5-µm packing L1 concentrations: 0.00695 mg/mL for Tablets labeled to contain
Flow rate:  1 mL/min 2.5 mg; 0.0139 mg/mL for Tablets labeled to contain 5 mg;
Injection size:  50 µL 0.0278 mg/mL for Tablets labeled to contain 10 mg. These

System suitability solutions are stable for one day.■1S (USP34)
Sample:  System suitability solution Sample solution:  Pass a portion of the solution through a
[NOTE—The run time is about three times the retention time suitable 0.45-µm filter.
of the amlodipine peak.] Analysis:  Determine the amount of C20H25ClN2O5 dissolved by

Suitability requirements employing UV absorption at the wavelength of maximum ab-
Resolution:  NLT 8.5 between amlodipine and amlodipine sorbance at about 237■239■1S (USP34) nm on portions of the
related compound A Sample solution in comparison with the Standard solutions

Tailing factor:  NMT 2.0 for both amlodipine and ■Standard solution,■1S (USP34) using a 1-cm quartz cell, ■and Me-
amlodipine related compound A dium as blank.■1S (USP34)Relative standard deviation:  NMT 1.0% for amlodipine
and NMT 5.0% for amlodipine related compound A
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Calculate the absorptivity: Calculate the percentage of any other individual impurity in
the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100
 at 237 nm for Standard solution A and Standard solution B:

rU = peak response of each impurity from the Sample
solutionResult = (AS/CS) × (1000/100)

rS = peak response of amlodipine from the Standard
solutionAS  = absorbance from the Standard solution

CS = concentration of USP Amlodipine Besylate RS inCS  = concentration of USP Amlodipine Besylate RS in
the Standard solution (mg/mL)the Standard solution (mg/mL)

CU = nominal concentration of amlodipine in theCalculate the percentage of C20H25N2O5Cl dissolved:
Sample solution (mg/mL)

Result = (AU/ ) × (1000/100) × (V/L) × (Mr1/Mr2) × 100 Acceptance criteria
Specified and unspecified impurities:  See Impurity Table

AU = absorbance from the Sample solution 1.
= average absorptivity of Standard solution A and

Standard solution B
Impurity Table 1V = volume of Medium, 500 mL

L = Tablet label claim (mg) Relative Acceptance
Mr1 = molecular weight of amlodipine, 408.9  Retention  Criteria,
Mr2 = molecular weight of amlodipine besylate, 567.1 Name  Time NMT (%)
■Calculate the percentage of C20H25ClN2O5 dissolved: Amlodipine related compound A a 0.5 1.0

Amlodipine besylate 1 —Result = (AU/AS) × (CS/L) × D × (Mr1/Mr2) × V × 100
Any other individual unspecified

— 0.20
degradation productAU = absorbance from the Sample solution

AS = absorbance from the Standard solution a 3-Ethyl, 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5-
CS = concentration of the Standard solution pyridinedicarboxylate].
L = Tablet label claim (mg)

ADDITIONAL REQUIREMENTSD = dilution factor of the Sample solution
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-Mr1 = molecular weight of Amlodipine, 408.88

tainers. Store at controlled room temperature.Mr2 = molecular weight of Amlodipine Besylate, 567.06
• USP REFERENCE STANDARDS 〈11〉V = volume of Medium (mL); 500

USP Amlodipine Besylate RS
■1S (USP34)

USP Amlodipine Related Compound A RS▲USP33Tolerances:  NLT 75% (Q) of the labeled amount of
C20H25ClN2O5 is dissolved.

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

BRIEFINGIMPURITIES
Organic Impurities
• PROCEDURE

Buffer, Mobile phase, System suitability solution, Chromat- Artemether.  This new monograph, which previously appeared
ographic system and System suitability:  Proceed as di- as an Authorized Non-U.S. Monograph on the USP Website at
rected in the Assay. http://www.usp.org/standards/international/, is now forwarded

to In-Process Revision following the FDA approval received by theStandard solution:  Use the System suitability solution.
sponsor. The HPLC procedures used in the test for Organic Impu-Sample solution:  Place a suitable number of Tablets into a
rities, Procedure 2 and in the Assay are based on analyses per-25-mL volumetric flask to obtain a solution having a final
formed with the Purospher RP-18 brand of L1 column. The typi-nominal concentration of 0.4 mg/mL of amlodipine. Add
cal retention times for artemether, artemether related compoundabout 10 mL of Mobile phase to the flask. Swirl to dis-
A, and artemether related compound B are about 23, 7, and 15integrate the Tablet(s) followed by sonication for 5 min for
min, respectively.complete dissolution, and then cool the sample to room

temperature. Dilute with Mobile phase to volume. Stir for an
additional 15 min using a magnetic stir bar, and pass the
sample through a 0.45-µm syringe tip filter, discarding the (MD-AA: L. Santos, B. Davani.) RTS—C78626
first 5 mL.

Analysis
Samples:  Standard solution and Sample solution

Calculate the percentage of amlodipine related compound A
in the portion of Tablets taken: Add the following:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
■ArtemetherrU = peak response of amlodipine related compound

A from the Sample solution
rS = peak response of amlodipine related compound

A from the Standard solution
CS = concentration of USP Amlodipine Related Com-

pound A RS in the Standard solution (mg/mL)
CU = nominal concentration of amlodipine in the

Sample solution (mg/mL)
Mr1 = molecular weight of amlodipine related com-

pound A, 406.87
C16H26O5 298.37Mr2 = molecular weight of amlodipine related com-

pound A fumarate, 522.95
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(3R,5aS,6R,8aS,9R,10S,12R,12aR)-Decahydro-10-methoxy-3,6,9- Standard solution B:  0.10 mg/mL of USP Artemether RS,
trimethyl-3,12-epoxy-12H-pyrano[4.3-j]-1,2-benzodioxepin 0.10 mg/mL of USP Artemether Related Compound A RS,
[71963-77-4]. and 0.10 mg/mL of USP Artemether Related Compound B RS

in acetone from Standard stock solution (equivalent to 0.2%)
DEFINITION Standard solution C:  0.25 mg/mL of USP Artemether RS,
 Artemether contains NLT 98.0% and NMT 102.0% of C16H26O5. 0.25 mg/mL of USP Artemether Related Compound A RS,

and 0.25 mg/mL of USP Artemether Related Compound B RSIDENTIFICATION in acetone from Standard stock solution (equivalent to 0.5%)• A. INFRARED ABSORPTION 〈197K〉 Standard solution D:  0.50 mg/mL of USP Artemether RS,• B.  The retention time of the artemether peak of the Sample 0.50 mg/mL of USP Artemether Related Compound A RS,solution corresponds to that of the Standard solution, as ob- and 0.50 mg/mL of USP Artemether Related Compound B RStained in the Assay. in acetone from Standard stock solution (equivalent to 1.0%)
Sample solution:  50 mg/mL of Artemether in acetoneASSAY
Chromatographic system• PROCEDURE
(See Chromatography 〈621〉, Thin-Layer Chromatography.)Mobile phase:  Acetonitrile and water (2:3)
Mode:  TLCStandard solution:  10 mg/mL of USP Artemether RS dis-
Adsorbent:  0.25-mm layer of chromatographic silica gelsolved in acetonitrile, using 70% of final volume and dilute
mixturewith water to volume. [NOTE—Sonicate to dissolve if

Application volume:  2 µLnecessary.]
Developing solvent system:  Solvent hexane, ethyl ace-Sample solution:  Transfer about 100 mg of Artemether to a
tate, and glacial acetic acid (20:5:2.5)10-mL volumetric flask, and add 7 mL of acetonitrile. Sonicate

Spray reagent:  20% sulfuric acid in methanolfor 5 min, add about 2.5 mL of water, and sonicate again for
Analysis5 min. Dilute with water to volume.

Samples:  Standard solution A, Standard solution B, StandardSystem suitability solution:  10 mg/mL of USP Artemether
solution C, Standard solution D, and Sample solutionRS, 0.1 mg/mL of USP Artemether Related Compound A RS,

 Spray the plate with Spray reagent, and heat at 140° forand 0.1 mg/mL of USP Artemether Related Compound B RS.
about 10 min in a drying oven. Examine the plate underDissolve in acetonitrile, using 70% of the final volume and
daylight. Estimate the percentage of all secondary spots ob-dilute with water to volume. [NOTE—Sonicate to dissolve if
served in the chromatogram from the Sample solution bynecessary.]
comparing each spot to the artemether spot in the chro-Chromatographic system
matogram from the chromatograms of the Standard solu-(See Chromatography 〈621〉, System Suitability.)
tions. The RF values and limits of impurities are given inMode:  LC
Impurity Table 1.Detector:  UV 210 nm

Column:  4.0-mm × 12.5-cm; 5-µm packing L1
Flow rate:  1 mL/min Impurity Table 1
Injection size:  20 µL

Relative AcceptanceSystem suitability
 Response  Criteria,Samples:  Standard solution and System suitability solution

Name  Factor NMT (%)Suitability requirements
Cyclohexanone propanal deriva-Resolution:  NLT 2 between artemether and artemether re-
tivea 0.25 0.2lated compound B, System suitability solution

Relative standard deviation:  NMT 2.0%, Standard Artemether related compound A
solution (dihydroartemisinin)b 0.3 —

Analysis Furoisochromen derivativec 0.35 0.2
Samples:  Standard solution and Sample solution Artemether related compound B
Calculate the percentage of C16H26O5 in the portion of (α-artemether)b 0.4 —
Artemether taken:

Artemether 0.55 —
a 2-(4-Methyl-2-oxo-3-(3-oxobutyl)cyclohexyl)propanal.Result = (rU/rS) × (CS/CU) × 100
b Disregard any spot corresponding to dihydroartemisinin and α-artemether,
because these impurities are quantified by Procedure 2.rU = peak response of artemether from the Sample

c (3aS,4R,6aS,7R,8S,10S)-8-Methoxy-4,7-dimethyldecahydrofuro[3,2-i]-solution
isochromen-10-yl acetate.rS = peak response of artemether from the Standard

[NOTE—Disregard any spots observed at the origins of the chromatograms.]solution
CS = concentration of USP Artemether RS in the Stan- Acceptance criteriadard solution (mg/mL) Individual impurity:  See Impurity Table 1.CU = concentration of Artemether in the Sample solu- • PROCEDURE 2: ANALYSIS OF ARTEMETHER RELATED COMPOUND A,tion (mg/mL) ARTEMETHER RELATED COMPOUND B, AND ANY OTHER INDIVIDUALAcceptance criteria:  98.0%–102.0% IMPURITY BY HPLC

Mobile phase, System suitability solution, Sample solution,IMPURITIES
Chromatographic system, and System suitability:  ProceedInorganic Impurities
as directed in the Assay.• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%

Analysis• HEAVY METALS, Method II 〈231〉:  NMT 10 ppm
Sample:  Sample solutionOrganic Impurities
[NOTE—Identify the impurities using the relative retention• PROCEDURE 1: ANALYSIS OF CYCLOHEXANONE PROPANAL DERIVATIVE
times specified in Impurity Table 2.]AND FUROISOCHROMEN DERIVATIVE BY TLC

Calculate the percentage of each artemether related com-Standard stock solution:  1 mg/mL of USP Artemether RS, 1
pound and any other impurity in the portion of Artemethermg/mL of USP Artemether Related Compound A RS, and 1
taken:mg/mL of USP Artemether Related Compound B RS in

acetone
Result = (rU/rT) × 100Standard solution A:  0.05 mg/mL of USP Artemether RS,

0.05 mg/mL of USP Artemether Related Compound A RS, rU = peak response of impurity from the Sample solu-and 0.05 mg/mL of USP Artemether Related Compound B RS tionin acetone from Standard stock solution (equivalent to 0.1%)
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rT = sum of peak responses from the Sample solution Add the following:

Impurity Table 2
■Artemether and Lumefantrine Tablets

Relative Acceptance
Retention  Criteria, DEFINITION

Name  Time NMT (%)  Artemether and Lumefantrine Tablets contain NLT 90.0% and
Artemether related compound A NMT 110.0% of the labeled amount of artemether (C16H26O5)
(dihydroartemisinin)a 0.3 0.2 and NLT 90.0% and NMT 110.0% of the labeled amount of

Artemether related compound B lumefantrine (C30H32Cl3NO).
(α-artemether)b 0.7 0.2

IDENTIFICATIONArtemether 1.0 —
• A. THIN LAYER CHROMATOGRAPHY

Any other individual impurity — 0.1 Diluent:  Chloroform, methanol, ethyl acetate, and water
a (3R,5aS,6R,8aS,9R,12R,12aR)-Decahydro-10-hydroxy-3,6,9-trimethyl-3,12-ep- (11:10:2:2)
oxy-12H-pyrano[4,3-j]-1,2-benzodioxepin. Standard solution A:  0.8 mg/mL of USP Artemether RS in

b (3R,5aS,6R,8aS,9R,10R,12R,12aR)-Decahydro-10-methoxy-3,6,9- Diluent
trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-benzodioxepin. Standard solution B:  4.8 mg/mL of USP Lumefantrine RS in

[NOTE—Disregard any peak less than 0.05%.] Diluent
Sample solution:  Transfer a portion of powdered Tablets,Acceptance criteria
equivalent to 20 mg of artemether and 120 mg of lumefan-Individual impurity:  See Impurity Table 2.
trine, to a suitable vessel. Add 25 mL of Diluent. Sonicate forTotal unknown impurities:  NMT 0.5%
15 min, centrifuge at about 4000 rpm, and use the clear
supernatant.SPECIFIC TESTS

Chromatographic system• OPTICAL ROTATION, Specific Rotation 〈781S〉:  +166° to +173°,
(See Chromatography 〈621〉, Thin-Layer Chromatography.)measured at 20°
Mode:  TLCSample solution:  10 mg/mL, in dehydrated alcohol
Adsorbent:  0.25-mm layer of chromatographic silica gel• COLOR OF SOLUTION
mixtureSample solution:  100 mg/mL of artemether in acetone

Application volume:  20 µLBlank:  acetone
Developing solvent system:  Solvent hexane, ethyl acetate,Analysis:  Determine the absorbance of the Sample solution in
and glacial acetic acid (20:5:2.5)1-cm cells at 420 nm, using a suitable spectrophotometer.

Spray reagent:  20% sulfuric acid in methanolAcceptance criteria:  NMT 0.10
Analysis

ADDITIONAL REQUIREMENTS Samples:  Standard solution A, Standard solution B, and Sam-
• PACKAGING AND STORAGE:  Preserve in well-closed, light-resis- ple solution

tant containers. Store at room temperature.  Spray the plate with Spray reagent, and heat at 140° for
• USP REFERENCE STANDARDS 〈11〉 about 10 min in a drying oven. Examine the plate under

USP Artemether RS daylight and under UV light at 366 nm against the Standard
USP Artemether Related Compound A RS solution A and Standard solution B. The artemether appears as
[(3R,5aS,6R,8aS,9R,12R,12aR)-Decahydro-10-hydroxy-3,6,9- a greyish-purple spot on a white background under daylight
trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-benzodioxepin] and as a light yellow fluorescent spot on a blue background
(C15H24O5 284.35) under UV light at 366 nm. The lumefantrine appears as a

USP Artemether Related Compound B RS grayish-yellow spot on a white background under daylight
[(3R,5aS,6R,8aS,9R,10R,12R,12aR)-Decahydro-10- and as a dark spot on a blue fluorescent background under
methoxy-3,6,9-trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2- UV light at 366 nm.
benzodioxepin] Acceptance criteria:  The RF values of artemether and lume-
(C16H26O5 298.37)■1S (USP34) fantrine from the Sample solution correspond to those exhib-

ited by the corresponding Standard solution A or Standard so-
lution B.

• B.  The retention time of the major peaks of the Sample solu-
BRIEFING tion corresponds to that of the Standard solution, as obtained

in the Assay.

ASSAYArtemether and Lumefantrine Tablets.  This new mono-
• PROCEDUREgraph, which previously appeared as an Authorized Non-U.S.

Diluent:  Prepare a mixture of 100 mL of Solution A, 100 mLMonograph on the USP Website at
of 1-propanol, and 30 mL of water, and dilute with acetoni-http://www.usp.org/standards/international/, is now forwarded
trile to 500.0 mL.to In-Process Revision following the FDA approval received by the

Solution A:  5.65 g/L of sodium 1-hexanesulfonate and 2.75sponsor. The HPLC procedure used in the test for Organic Impu-
g/L of monobasic sodium phosphate in water. Adjust withrities, Procedure 2 for lumefantrine is based on analysis per-
phosphoric acid to a pH of 2.3 before dilution to final volume.formed with the Nucleosil C18 (5-µm) brand of L1 column. The

Solution B:  Acetonitrile and Solution A (3:7)typical retention time for lumefantrine is 11 min. The HPLC pro-
Solution C:  Acetonitrile and Solution A (7:3)cedure used in the Assay is based on analysis performed with
Mobile phase:  See the gradient table below.the Symmetry C18 (5-µm) brand of L1 column. The typical re-

tention times for lumefantrine and artemether are 34 and 19
min, respectively. The chromatographic procedure in the Disso- Time Solution B Solution C
lution of Artemether was validated with the Nucleosil C18 brand (min) (%) (%)
of L1 column.

0 60 40
28 60 40
29 0 100

(MD-AA: L. Santos, B. Davani. BPC: M. Marques.) RTS—
45 0 100C78627
46 60 40
55 60 40
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Standard solution:  0.2 mg/mL of USP Artemether RS and 1.2 Mode:  LC
mg/mL of USP Lumefantrine RS in Diluent Detector:  UV 210 nm

Sample solution:  Transfer an equivalent to 200 mg of Column:  4-mm × 12.5-cm; 5-µm packing L1
artemether and 1200 mg of lumefantrine from Tablets (NLT Flow rate:  1 mL/min
10) to a 1000-mL volumetric flask. Disintegrate with 60 mL of Injection size:  100 µL
water, add 200 mL of 1-propanol, and sonicate for about 15 System suitability
min. Then add 200 mL of Solution A and 400 mL of acetoni- Sample:  Standard solution
trile, and sonicate for about 30 min. Cool the solution to Suitability requirements
room temperature and dilute with acetonitrile to volume. Tailing factor:  NMT 2
Withdraw about 10 mL of the suspension, centrifuge for about Relative standard deviation:  NMT 2.5%
5 min at about 4000 rpm, and use the clear supernatant. Analysis:

Chromatographic system Samples:  Standard solution and Sample solution
(See Chromatography 〈621〉, System Suitability.) Calculate the percentage of artemether dissolved:
Mode:  LC

Result = (rU/rS) x (CS/L) × V × 100Detector:  UV 210 nm and 380 nm. [NOTE—Set the detector
for the first 30 min to 210 nm, then switch to 380 nm.]

rU = peak response from the Sample solutionColumn:  3.9-mm × 15-cm; 5-µm packing L1
rS = peak response from the Standard solutionFlow rate:  1.3 mL/min
CS = concentration of Standard solution (mg/mL)Injection size:  20 µL
L = label claim (mg/Tablet)System suitability
V = volume of Medium, 1000 mLSample:  Standard solution

Tolerances:  NLT 40% (Q) of the labeled amount ofSuitability requirements:
artemether is dissolved in 1 h and NLT 60% (Q) of the la-Tailing factor:  0.8–4.5 for artemether and lumefantrine
beled amount of artemether is dissolved in 3 h.Relative standard deviation:  NMT 2.0% for artemether

Dissolution of Lumefantrineand lumefantrine
Medium:  0.1 N hydrochloric acid containing 1% ofAnalysis
benzalkonium chloride; 1000 mLSamples:  Standard solution and Sample solution

Apparatus 2:  100 rpmCalculate the percentage of C16H26O5 and C30H32Cl3NO in the
Time:  45 minportion of Tablets taken:
Standard solution:   0.12 mg/mL of USP Lumefantrine RS in
MediumResult = (rU/rS) × (CS/CU) × 100

Sample solution:   Pass a portion of the solution under test
rU = peak response of artemether or lumefantrine through a suitable 0.5-µm filter. Dilute with Medium, if

from the Sample solution necessary.
rS = peak response of artemether or lumefantrine Spectrometric conditions

from the Standard solution (See Spectrophotometry and Light-Scattering 〈851〉.)
CS = concentration of USP Artemether RS or USP Mode:  UV absorption spectroscopy

Lumefantrine RS in the Standard solution Analytical wavelength:  UV 342 nm
(mg/mL) Cell:  0.2 cm

CU = nominal concentration of artemether or lumefan- Blank:  Medium
trine in the Sample solution (mg/mL) Analysis:

Acceptance criteria:  90.0%–110.0% Samples:  Standard solution and Sample solution
Calculate the percentage of lumefantrine dissolved:

PERFORMANCE TESTS
• DISSOLUTION 〈711〉 Result = (AU/AS) × (CS/L) × V × 100

Dissolution of Artemether
Medium:  Water, partially degassed (6.5–7 mg of O2/L); AU = absorbance of the Sample solution
1000 mL AS = absorbance of the Standard solution

Apparatus 2:  100 rpm CS = concentration of the Standard solution (mg/mL)
Time:  1 and 3 h L = label claim (mg/Tablet)
Mobile phase:  Acetonitrile, 1-propanol, trifluoroacetic acid, V = volume of Medium, 1000 mL
and water (500:100:1:400) Tolerances:  NLT 60% (Q) of the labeled amount of lumefan-

Diluent:  Acetonitrile and water (1:1) trine is dissolved.
Standard stock solution:  0.2 mg/mL of USP Artemether RS • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
in Diluent for artemether and lumefantrine

Standard solution:  0.02 mg/mL, dilution of the Standard
IMPURITIESstock solution with Medium
Organic ImpuritiesSample solution:  Pass a portion of the solution under test
• PROCEDURE 1: IMPURITIES OF ARTEMETHERthrough a suitable 0.45-µm filter. Dilute with Medium, if

Solution A:  Acetonitrile and water (1:1)necessary.
Standard stock solution:  0.1 mg/mL of USP Artemether RS,Chromatographic system
0.1 mg/mL of USP Artemether Related Compound A RS, and(See Chromatography 〈621〉, System Suitability.)
0.1 mg/mL of USP Artemether Related Compound B RS in
Solution A

Standard solution A:  0.005 mg/mL of USP Artemether RS,
0.005 mg/mL of USP Artemether Related Compound A RS,
and 0.005 mg/mL of USP Artemether Related Compound B
RS in Solution A from Standard stock solution

Standard solution B:  0.015 mg/mL of USP Artemether RS,
0.015 mg/mL of USP Artemether Related Compound A RS,
and 0.015 mg/mL of USP Artemether Related Compound B
RS in Solution A from Standard stock solution

Standard solution C:  0.025 mg/mL of USP Artemether RS,
0.025 mg/mL of USP Artemether Related Compound A RS,
and 0.025 mg/mL of USP Artemether Related Compound B
RS in Solution A from Standard stock solution
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Standard solution D:  0.050 mg/mL of USP Artemether RS, suspension, centrifuge for 5 min at about 4000 rpm, and use
0.050 mg/mL of USP Artemether Related Compound A RS, the clear supernatant.
and 0.050 mg/mL of USP Artemether Related Compound B Mobile phase:  See the gradient table below.
RS in Solution A from Standard stock solution

Standard solution E:  0.075 mg/mL of USP Artemether RS,
Time Solution B Solution C0.075 mg/mL of USP Artemether Related Compound A RS,
(min) (%) (%)and 0.075 mg/mL of USP Artemether Related Compound B

0 25 75RS in Solution A from Standard stock solution
14 25 75Sample solution:  Disintegrate a number of Tablets,

equivalent to 60 mg of artemether, in 6 mL of water. Add 6 19 0 100
mL of acetonitrile, sonicate for 15 min, centrifuge at about 25 0 100
4000 rpm, and pass through a suitable 0.5-µm filter. 26 25 75

Chromatographic system
35 25 75(See Chromatography 〈621〉, Thin-Layer Chromatography.)

Mode:  TLC Chromatographic system
Adsorbent:  0.25-mm layer of chromatographic silica gel (See Chromatography 〈621〉, System Suitability.)
mixture Mode:  LC

Application volume:  20 µL Detector:  UV 300 nm
Developing solvent system:  Solvent hexane, ethyl ace- Column:  4.0-mm × 12.5-cm; 5-µm packing L1
tate, and glacial acetic acid (20:5:2.5) Flow rate:  2 mL/min

Spray reagent:  20% sulfuric acid in methanol Injection size:  5 µL
Analysis System suitability

Samples:  Standard solution A, Standard solution B, Standard Sample:  System suitability solution
solution C, Standard solution D, Standard solution E, and Suitability requirements
Sample solution Resolution:  NLT 0.5 between lumefantrine and lumefan-

 Expose the plate to UV light at 254 nm for 60 min. Spray trine related compound A
the plate with 20% sulfuric acid in methanol, heat at 140° Tailing factor:  0.8–5.0 for lumefantrine and lumefantrine
for about 10 min in a drying oven, and examine the plate related compound A
under daylight. Estimate the percentage of all secondary Relative standard deviation:  NMT 2.0% for
spots observed in the chromatograms from the Sample solu- lumefantrine
tion by comparing each spot with the principal spots from Analysis
the chromatograms of the Standard solutions. The RF values Sample:  Sample solution
and limits of impurities are given in Impurity Table 1. [NOTE—Identify the impurities using the relative retention

times specified in Impurity Table 2.]
Impurity Table 1 Calculate the percentage of each lumefantrine related com-

pound and any other impurity in the portion of Tablets
Relative Acceptance taken:

 Response  Criteria,
Name  Factor NMT (%) Result = (rU/rT) × 100

Cyclohexanone propanal derivativea 0.25 1.5
rU = peak response of impurity from the Sample solu-Artemether related compound A

tion(Dihydroartemisinin)b 0.30 1.0
rT = sum of peak responses from the Sample solutionFuroisochromen derivativec 0.35 0.5

Artemether related compound B
Impurity Table 2(α-Artemether)d 0.40 0.3

Artemether 0.55 — Relative Acceptance
Any other individual impurity — 0.2 Retention Criteria,
a 2-(4-Methyl-2-oxo-3-(3-oxobutyl)cyclohexyl)propanal. Name Time NMT (%)
b (3R,5aS,6R,8aS,9R,12R,12aR)-Decahydro-10-hydroxy-3,6,9-trimethyl-3,12- Lumefantrine related compound Aa 0.9 0.1
epoxy-12H-pyrano[4,3-j]-1,2-benzodioxepin. Lumefantrine 1.0 —

c (3aS,4R,6aS,7R,8S,10S)-8-Methoxy-4,7-dimethyldecahydrofuro[3,2-i]-
Any other individual impurity — 0.1

isochromen-10-yl acetate.
a (RS, Z)-2-(Dibutylamino)-2-(2,7-dichloro-9-(4-chlorobenzylidene)-9H-fluoren-4-d (3R,5aS,6R,8aS,9R,10R,12R,12aR)-Decahydro-10-methoxy-3,6,9-
yl)ethanol.trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-benzodioxepin.

[NOTE—Disregard any peak less than 0.05%.] 
Acceptance criteria

Acceptance criteriaIndividual impurity:  See Impurity Table 1.
Individual impurity:  See Impurity Table 2.Total unknown impurities:  NMT 0.5%
Total impurities:  NMT 0.3%• PROCEDURE 2: IMPURITIES OF LUMEFANTRINE

Diluent and Solution A:  Proceed as directed in the Assay. ADDITIONAL REQUIREMENTSSolution B:  Acetonitrile, 1-propanol, Solution A, and water • PACKAGING AND STORAGE:  Preserve in well-closed, light-resis-(25:5:20:50) tant containers. Store at room temperature.Solution C:  Acetonitrile, 1-propanol, Solution A, and water • USP REFERENCE STANDARDS 〈11〉(65:5:20:10) USP Artemether RSSystem suitability solution:  1.2 mg/mL of USP Lumefan- USP Artemether Related Compound A RStrine RS and 0.02 mg/mL of USP Lumefantrine Related Com- [(3R,5aS,6R,8aS,9R,12R,12aR)-Decahydro-10-hydroxy-3,6,9-pound A RS in Diluent trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-benzodioxepin]Sample solution:  Transfer an equivalent to 1200 mg of (C15H24O5 284.35)lumefantrine from Tablets (NLT 10) to a 1000-mL volumetric USP Artemether Related Compound B RSflask. Disintegrate with 60 mL of water, add 200 mL of 1- [(3R,5aS,6R,8aS,9R,10R,12R,12aR)-Decahydro-10-propanol, and sonicate for about 15 min. Then add 200 mL methoxy-3,6,9-trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-of Solution A, 400 mL of acetonitrile, and sonicate for about benzodioxepin]30 min. Cool the solution to room temperature, and dilute (C16H26O5 298.37)with acetonitrile to volume. Withdraw about 10 mL of the
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USP Lumefantrine RS ASSAY
USP Lumefantrine Related Compound A RS
[(RS, Z)-2-(Dibutylamino)-2-(2,7-dichloro-9-(4- Change to read:chlorobenzylidene)-9H-fluoren-4-yl)ethanol]

(C30H32Cl3NO 528.94)■1S (USP34)

• PROCEDURE
Sample:  300 mg of previously mixed Hydrous Benzoyl Perox-
ide in a conical flask fitted with a ground-glass stopper. WeighBRIEFING again to obtain the weight of the Sample.

Analysis:  Add 30 mL of glacial acetic acid, previously sparged
with carbon dioxide for NLT 2 min just before use, and swirl

Hydrous Benzoyl Peroxide,  USP 32 page 1648. It is pro- the flask gently to effect solution. Add 5 mL of potassium
posed to revise the Definition to reflect its applicability to differ- iodide solution (1 in 2), and mix. Allow the solution to stand
ent formulations. It is also proposed to revise the water content for 1 min. Titrate the liberated iodine with 0.1 N sodium thio-
to be consistent with the European Pharmacopoeia monograph. sulfate VS. As the endpoint is approached, add 1 drop of

starch iodide paste TS, or equivalent, and continue the titra-
tion to the discharge of the blue color. Perform a blank deter-
mination, and make any necessary correction (see Titrimetry(MD-AA: B. Davani.) RTS—C79711
〈541〉). Each mL of 0.1 N sodium thiosulfate is equivalent to
12.11 mg of C14H10O4.

Acceptance criteria:  65.0%–82.0%
 ■90.0%–110.0%■1S (USP34)Hydrous Benzoyl Peroxide

IMPURITIES
Organic Impurities
• PROCEDURE

Solution A:  Prepare a mixture of acetonitrile and glacial
acetic acid (1000:1).

Solution B:  Prepare a mixture of water and glacial acetic
acid (1000:1).

C14H10O4 (anhydrous) 242.23 Mobile phase:  Use variable mixtures of Solution A and Solu-
Peroxide, dibenzoyl; tion B as directed for Chromatographic system.
Benzoyl peroxide [94-36-0]. Standard solution:  Dissolve a quantity of Hydrous Benzoyl

Peroxide, previously subjected to the Assay, in acetonitrile toDEFINITION
obtain a solution containing 0.32 mg/mL.

Sample solution:  0.32 mg/mL of benzoyl peroxide in
Change to read: acetonitrile

System suitability solution:  100 µg/mL of benzoic acid and
60 µg/mL of methylparaben in acetonitrile

Hydrous Benzoyl Peroxide contains NLT 65.0% and NMT 82.0% Chromatographic system
■NLT 90.0% and NMT 110.0% of the labeled amount■1S (USP34) (See Chromatography 〈621〉, System Suitability.)
of C14H10O4. It contains about 26%■a minimum of 20%■1S (USP34) Mode:  LC
of water for the purpose of reducing flammability and shock Detector:  UV 235 nm
sensitivity. Column:  4.6-mm × 25-cm; packing L1

[CAUTION—Hydrous Benzoyl Peroxide may explode at tempera- Flow rate:  1.2 mL/min
tures higher than 60° or cause fires in the presence of reducing Injection size:  10 µL
substances. Store it in the original container, treated to reduce Mobile phase:  See the gradient table below.
static charges.]

Time Solution A Solution BIDENTIFICATION
 (min) (%)  (%)• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

Standard solution:  10 mg/mL of Hydrous Benzoyl Peroxide, 0 18 82
previously subjected to the Assay, in methanol 20 60 40

Sample solution:  10 mg/mL of benzoyl peroxide in methanol 30 60 40
Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel System suitability
mixture Sample:  System suitability solution

Application volume:  5 µL Suitability requirements
Developing solvent system:  Toluene, dichloromethane, and Resolution:  NLT 2.0 between benzoic acid and
glacial acetic acid (50:2:1) methylparaben

Analysis Tailing factors:  NMT 2.0 for the benzoic acid and meth-
Samples:  Standard solution and Sample solution ylparaben peaks
Place the plate in a developing chamber containing and Analysis
equilibrated with the Developing solvent system. Develop the Samples:  Standard solution and Sample solution
chromatogram until the solvent front has moved three- Calculate the area, as a percentage, of each peak in the
fourths of the length of the plate. Remove the plate, and chromatogram of the Sample solution:
allow the solvent to evaporate. Observe the plate under
short-wavelength UV light. Result = (rU/rT) × 100

Acceptance criteria:  The RF value of the principal spot of the
rU = peak response for any individual peak otherSample solution corresponds to that of the Standard solution.

than the principal peak in the Sample solution• B.  The Sample solution in the Organic Impurities test exhibits a
rT = sum of the peak responses of all the individualmajor peak for benzoyl peroxide, the retention time of which

peaks including the principal peak in the Sam-corresponds to that exhibited by the Standard solution.
ple solution

Acceptance criteria:  The area of any individual peak other
than the principal peak is NMT 1.5% of the total area. The
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sum of the areas of all peaks other than the principal peak is Sample solution:  1 mg/mL of Bupropion Hydrochloride
NMT 2.0% of the total area.

ASSAY
ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Store in the original container, at Change to read:room temperature. [NOTE—Do not transfer Hydrous Benzoyl

Peroxide to metal or glass containers fitted with friction tops.
Do not return unused material to its original container, but • PROCEDURE
destroy it by treatment with sodium hydroxide solution (1 in Diluent:  Methanol and water (1:1)
10) until addition of a crystal of potassium iodide results in no Solution A:  Dissolve 6.8 g of monobasic potassium phosphate
release of free iodine.] in 1900 mL of water. Adjust with 1 N sodium hydroxide to a

pH of 7.0, and dilute with water to 2000 mL.
■Buffer:  3.4 g/L of monobasic potassium phosphate in water.
Adjust with 1 N sodium hydroxide to a pH of 7.0.■1S (USP34)BRIEFING Mobile phase:  Methanol, tetrahydrofuran, and Solution A■Buf-
fer■1S (USP34) (39:11:51)

Standard stock solution:  0.025 mg/mL of each of USP
Bupropion Hydrochloride,  USP 32 page 1721. As a part of Bupropion Hydrochloride Related Compound A RS and USP
the USP monograph modernization effort, it is proposed to re- Bupropion Hydrochloride Related Compound B RS in Diluent
place the TLC-based test for the limit of m-chlorobenzoic acid Standard solution:  Transfer 25 mg of USP Bupropion Hydro-
with a specific HPLC-based method. The liquid chromatographic chloride RS into a 25-mL volumetric flask. Dissolve in a portion
procedure is based on analyses performed with a Zorbax SB of Diluent, pipet 2.0 mL of Standard stock solution into the
C-18 brand of L1 column. The typical retention time for m- flask, and dilute with Diluent to volume.
chlorobenzoic acid is 11.3 min. The following minor editorial ■Standard solution:  1 mg/mL of USP Bupropion Hydrochlo-
corrections are proposed to be consistent with the USP mono- ride RS and 2 µg/mL each of USP Bupropion Hydrochloride
graph redesign initiative: Related Compound A RS and USP Bupropion Hydrochloride
(1)  In the Assay, Solution A is renamed Buffer. Related Compound B RS in Diluent■1S (USP34)
(2)  In the Assay, the Standard stock solution and Standard solu- Sample solution:  1 mg/mL of Bupropion Hydrochloride in

tion are combined into one solution. Diluent
(3)  In Organic Impurities, Procedure 2, a formula for calculating Chromatographic system

bupropion related compound B is introduced, and the (See Chromatography 〈621〉, System Suitability.)
note in Impurity Table 1 is removed. Mode:  LC

(4)  The unknown impurity in Impurity Table 1 in Organic Im- Detector:  UV 250 nm
purities, Procedure 2 is relabeled “Any individual impurity”. Column:  3.9-mm × 15-cm; 5-µm packing L7

Flow rate:  1.1 mL/min
Injection size:  20 µL

System suitability(MD-PP: H. Ramanathan, R. Ravichandran.) RTS—C83411
Sample:  Standard solution
[NOTE—The relative retention times for bupropion hydrochlo-
ride related compound A, bupropion hydrochloride, and
bupropion hydrochloride related compound B are aboutBupropion Hydrochloride
0.92, 1.0, and 1.14, respectively.]

Suitability requirements
Resolution:  NLT 1.3 between bupropion hydrochloride re-
lated compound A and bupropion hydrochloride

Relative standard deviation:  NMT 2.0% determined from
bupropion hydrochloride; NMT 5.0% determined from
bupropion hydrochloride related compound B

C13H18ClNO · HCl 276.21 Analysis:  Calculate the percentage of C13H18ClNO · HCl in the
1-Propanone, 1-(3-chlorophenyl)-2-[(1,1-dimethylethyl)amino]-, portion of Bupropion Hydrochloride taken:

hydrochloride, (±)-;
(±)-2-(tert-Butylamino)-3′-chloropropiophenone hydrochloride Result = (rU/rS) × (CS/CU) × 100

[31677-93-7].
rU = peak response from the Sample solution

DEFINITION rS = peak response from the Standard solution
Bupropion Hydrochloride contains NLT 98.0% and NMT 102.0% CS = concentration of USP Bupropion Hydrochloride

of C13H18ClNO · HCl, calculated on the anhydrous basis. RS in the Standard solution (mg/mL)
CU = concentration of bupropion hydrochloride in theIDENTIFICATION

Sample solution (mg/mL)• A. INFRARED ABSORPTION 〈197K〉
Acceptance criteria:  98.0%–102.0% on the anhydrous basis• B.  The retention time of the major peak of the Sample solu-

tion corresponds to that of the Standard solution, as obtained IMPURITIES
in the Assay.

• C. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  Meets the
Change to read:requirements for the silver nitrate precipate test.

Organic Impurities
• PROCEDURE 1

Standard solutions:  0.3, 0.2, and 0.1 mg/mL from Standard
stock solution in methanol

Sample solution:  100 mg/mL of Bupropion Hydrochloride
in methanol

Standard stock solution:  0.5 mg/mL of m-chlorobenzoic
acid in methanol
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Chromatographic system rS = peak response for bupropion hydrochloride from
(See Chromatography 〈621〉, Thin-Layer Chromatography.) the Standard solution
Mode:  TLC CS = concentration of USP Bupropion Hydrochloride
Adsorbent:  A 0.25-mm layer of high-performance silica RS in the Standard solution (mg/mL)
gel, previously washed with methanol CU = concentration of bupropion hydrochloride in the

Application volume:  4 µL Sample solution (mg/mL)
Developing solvent system:  Toluene, cyclohexane, and F = relative response factor for each impurity relative
glacial acetic acid (47:47:6) to bupropion

Analysis ■Calculate the percentage of bupropion hydrochloride re-
Samples:  Standard solutions and Sample solution lated compound B in the portion of Bupropion Hydrochlo-
Proceed as directed under the General Chapter. Locate and ride taken:
quantitate the spots obtained by scanning the entire plate

Result = (rU/rS) × (CS/CU) × 100with a suitable densitometer at 235 nm. Plot a standard
curve of area versus concentrations of the Standard solu-

rU = peak response of bupropion hydrochloride relat-tions. From the standard curve, determine the percentages
ed compound B from the Sample solutionof m-chlorobenzoic acid and any other impurity present.

rS = peak response of bupropion hydrochloride relat-Acceptance criteria:  NMT 0.2% of m-chlorobenzoic acid is
ed compound B from the Standard solutionfound, and NMT 0.1% of any other individual impurity is

CS = concentration of USP Bupropion Hydrochloridefound.
Related Compound B RS in the Standard solu-■• PROCEDURE 1: LIMIT OF m-CHLOROBENZOIC ACID
tion (mg/mL)Mobile phase:  Acetonitrile, trifluoroacetic acid, and water

CU = concentration of bupropion hydrochloride in the(35:0.1:65)
Sample solution (mg/mL)System suitability solution:  1.0 mg/mL of USP Bupropion

■1S (USP34)Hydrochloride RS and 4 µg/mL of m-chlorobenzoic acid in
Acceptance criteriaMobile phase

Individual impurities:  See Impurity Table 1.Sample solution:  2 mg/mL of Bupropion Hydrochloride in
Total impurities:  The limits of impurities are specified inMobile phase
the accompanying table: NMT 0.3% of total unidentifiedChromatographic system
impurities is found; and NMT 1.0% of total impurities is(See Chromatography 〈621〉, System Suitability.)
found, the results of Procedure 1 and Procedure 2 beingMode:  LC
added.Detector:  UV 235 nm

Column:  4.6-mm× 25-cm; 5-µm packing L1
Flow rate:  1 mL/min Impurity Table 1
Injection size:  20 µL

Relative Relative AcceptanceRun time:  2.7 times the retention time of m-
Retention Response Criteria,chlorobenzoic acid

Name Time Factor NMT (%)System suitability
2-(tert-Butylamino)Sample:  System suitability solution. [NOTE—The relative re-
propiophenonetention times for bupropion hydrochloride and m-
hydrochloride 0.38 1.5 0.5chlorobenzoic acid are 1.0 and 2.0, respectively.]

1-(3-Chlorophen-Suitability requirements
yl)-1,2-propane-Resolution:  NLT 10.0 between the bupropion and m-
dione 0.58 1.0 0.2chlorobenzoic acid peaks

Relative standard deviation:  NMT 5.0% for the m- 2-(tert-Butyl-
chlorobenzoic acid peak amino)-2′-

Analysis chloropro-
Samples:  Sample solution piophenone hy-

Calculate the percentage of m-chlorobenzoic acid in the por- drochloride 0.71 0.45 0.1
tion of Bupropion Hydrochloride taken: 3′-Chloropropio-

phenone 0.78 1.2 0.1
Result = (rU/rT) × 100

Bupropion hydro-
chloride relatedrU = response of m-chlorobenzoic acid from the Sam-
compound A 0.92 1.4 0.2ple solution

Bupropion 1.0 — —rT = sum of the responses of all the peaks from the
Bupropion hydro-Sample solution
chloride relatedAcceptance criteria
compound B 1.14 — 0.2 a■

■1S (USP34)m-chlorobenzoic acid:  NMT 0.2%■1S (USP34)

• PROCEDURE 2 2-Bromo-3′-chloro-
Diluent, Solution A, Mobile phase, Standard solution, Sam- propiophenone 1.63 0.88 0.1
ple solution, Chromatographic system, and System suita- 2-(tert-Butyl-
bility:  Proceed as directed in the Assay. amino)-3′,4′-

Analysis chloropropio-
Samples:  Standard solution and Sample solution phenone hydro-
Calculate the percentage of each impurity in the portion of chloride 2.30 1.1 0.2
Bupropion Hydrochloride taken:

 a The percentage is determined by direct comparison to the area of the peak
for bupropion hydrochloride related compound B obtained from the StandardResult = (rU/rS) × (CS/CU) × (1/F) × 100
solution.

■
■1S (USP34)rU = peak response for each impurity from the Sam-

ple solution
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Impurity Table 1 (continued) plate from the chamber and allow the solvent to evaporate.
Apply the Sample solution and Standard solution to the plate,Relative Relative Acceptance allow the spots to dry, and develop the chromatogram inRetention Response Criteria, the Developing solvent system until the solvent front hasName Time Factor NMT (%) moved three-fourths of the length of the plate. Remove the

2-(tert-Butyl- plate from the developing chamber, mark the solvent front,
amino)-3′,5′- and allow to air-dry. Spray the plate with the Spray reagent,
chloropropio- dry for 10 min at 110°, and examine the chromatogram.
phenone hydro- Acceptance criteria:  The RF value of the principal spot of the
chloride 2.74 0.69 0.2 Sample solution corresponds to that of the Standard solution.

Unknown■Any indi- All other 0.1
vidual impuri- peaks individual ASSAY
ty■1S (USP34) ■–■1S (USP34) 1.00 ■

■1S (USP34) • PROCEDURE
Buffer solution:  Dissolve 13.6 g of monobasic potassium a The percentage is determined by direct comparison to the area of the peak
phosphate in water to make 2000 mL of solution. Adjust withfor bupropion hydrochloride related compound B obtained from the Standard
10 N potassium hydroxide to a pH of 5.0.solution.

Mobile phase:  Acetonitrile and Buffer solution (1:24)■
■1S (USP34)

Standard solution:  1.06 mg/mL of USP Cefadroxil RS in
SPECIFIC TESTS Buffer solution. [NOTE—This solution contains the equivalent of
• WATER DETERMINATION, Method I 〈921〉:  NMT 0.5% 1000 µg/mL of cefadroxil (C16H17N3O5S). Use this solution on

the day prepared.]ADDITIONAL REQUIREMENTS Sample solution:  Constitute a container of Cefadroxil for Oral• PACKAGING AND STORAGE:  Preserve in well-closed, light-resis- Suspension as directed in the labeling. Dilute a portion of thetant containers. resulting suspension with Buffer solution to prepare a solution• USP REFERENCE STANDARDS 〈11〉 containing nominally 1.0 mg/mL. Pass through a suitable filterUSP Bupropion Hydrochloride RS of 0.8–µm or finer porosity, and use the filtrate. Use this solu-USP Bupropion Hydrochloride Related Compound A RS tion on the day prepared.USP Bupropion Hydrochloride Related Compound B RS Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 230 nmBRIEFING Column:  4-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection size:  10 µL

Cefadroxil for Oral Suspension,  USP 32 page 1821. It is System suitability
proposed to correct the formula for the calculation of amount Sample:  Standard solution
released in the Dissolution test. Suitability requirements

Capacity factor, k ′:  Between 2.0 and 3.5
Column efficiency:  NLT 1800 theoretical plates
Tailing factor:  NMT 2.2(BPC: M. Marques.) RTS—C85162
Relative standard deviation:  NMT 2.0%

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C16H17N3O5S of label claim inCefadroxil for Oral Suspension
Cefadroxil for Oral Suspension:

DEFINITION Result = (rU/rS) × (CS/CU) × P × F × 100Cefadroxil for Oral Suspension is a dry mixture of Cefadroxil and
one or more suitable buffers, colors, diluents, and flavors. It rU = peak response of cefadroxil from the Sample so-
contains the equivalent of NLT 90.0% and NMT 120.0% of the lution
labeled amount of C16H17N3O5S. rS = peak response of cefadroxil from the Standard

solutionIDENTIFICATION
CS = concentration of USP Cefadroxil RS in the Stan-• THIN-LAYER CHROMATOGRAPHY

dard solution (mg/mL)Standard solution:  2 mg/mL of USP Cefadroxil RS
CU = nominal concentration of cefadroxil from theSample solution:  Constitute 1 container of Cefadroxil for

Sample solution (mg/mL)Oral Suspension as directed in the labeling. Dilute a portion of
P = cefadroxil equivalent (µg/mg) of USP Cefadroxilthe resulting suspension to a concentration of 2 mg/mL.

RSChromatographic system
F = conversion factor, 0.001 mg/µg(See Chromatography 〈621〉, Thin-Layer Chromatography.)

Acceptance criteria:  90.0%–120%Mode:  TLC
Adsorbent:  0.25-mm layer of binder-free silica gel PERFORMANCE TESTS
Application volume:  20 µL
Pre-developing solvent solution:  n-hexane and tetradecane

Change to read:(95:5)
Developing solvent system:  0.1 M citric acid, 0.1 M dibasic
sodium phosphate, and a 1-in-15 solution of ninhydrin in

• DISSOLUTION 〈711〉acetone (60:40:15)
Medium:  Water; 900 mLSpray reagent:  1-in-500 solution of ninhydrin in dehydrated
Apparatus 2:  25 rpmalcohol. [NOTE—Protect Spray reagent from light.]
Time:  30 minAnalysis
Standard solution:  USP Cefadroxil RS in Medium at a knownSamples:  Standard solution and Sample solution
concentrationPlace the thin-layer chromatographic plate in a chamber con-

Sample solution:  Transfer 5.0 mL of the constitued Cefadroxiltaining the Pre-developing solvent solution and allow the sol-
for Oral Suspension (weighed) to the dissolution vessel.vent front to move the length of the plate. Remove the
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Analysis:  Determine the amount of cefadroxil dissolved by Solution A:  7.0 mg/mL of citric acid monohydrate. Adjust
employing UV absorption at the wavelength of 263 nm on with phosphoric acid to a pH of 2.0 ± 0.05.
the Sample solution in comparison with the Standard solution. Mobile phase:  Methanol, tetrahydrofuran, and Solution A
Calculate the amount of cefadroxil dissolved: (111:28:1000)

Standard solution:  50 µg/mL of USP Cefdinir RS in Buffer
Result = (AU/AS) × (Cs/W) × (V/D) × 100 System suitability solution:  50 µg/mL of cefdinir and 175

µg/mL of m-hydroxybenzoic acid in Buffer
■Result = (AU/AS) × (CS/D) × V■1S (USP34) Sample solution:  Equivalent to 50 µg/mL of cefdinir, from

AU = absorbance of the Sample solution Capsule contents (NLT 20) in the Buffer
AS = absorbance of the Standard solution Chromatographic system
CS = concentration of Standard solution (mg/mL) (See Chromatography 〈621〉, System Suitability.)
V = volume of Medium, 900 mL Mode:  LC
D = dilution factor Detector:  UV 254 nm

Tolerances:  NLT 75% (Q) of the labeled amount of cefadroxil Column:  3.9-mm × 15-cm; 4-µm packing L1
is dissolved. Flow rate:  1.4 mL/min

• UNIFORMITY OF DOSAGE UNITS 〈905〉 Injection size:  15 µL
For solid packaged in single-unit containers:  Meets the System suitability
requirements Samples:  Standard solution and System suitability solution

• DELIVERABLE VOLUME 〈698〉:  Meets the requirements Suitability requirements
Resolution:  Greater than 3.0 between cefdinir and m-hy-SPECIFIC TESTS droxybenzoic acid, System suitability solution• PH 〈791〉:  4.5–6.0, in the suspension constituted as directed Tailing factor:  NMT 2.0 for cefdinir, System suitabilityin the labeling solution• WATER DETERMINATION, Method I 〈921〉:  NMT 2.0%, except Relative standard deviation:  NMT 1.0% for cefdinir,where it is labeled as containing 100 mg of cefadroxil/mL after Standard solutionconstitution, in which case the limit is NMT 3.0% Analysis

Samples:  Standard solution and Sample solutionADDITIONAL REQUIREMENTS
Calculate the percentage of C14H13N5O5S2 in the portion of• PACKAGING AND STORAGE:  Preserve in tight containers.
Capsules taken:• USP REFERENCE STANDARDS 〈11〉

USP Cefadroxil RS Result = (rU/rS) × (CS/CU) × 100

rU = peak response from the Sample solution
rS = peak response from the Standard solutionBRIEFING CS = concentration of the Standard solution (µg/mL)
CU = nominal concentration of cefdinir in the Sample

solution (µg/mL)
Cefdinir Capsules,  USP 32 page 1827 and page 1115 of PF Acceptance criteria:  90.0%–100.0%
35(5) [Sept.–Oct. 2009]. It is proposed to correct the Cell length
in the Dissolution test. PERFORMANCE TESTS

Change to read:
(BPC:  M. Marques.) RTS—C85164

• DISSOLUTION 〈711〉
Medium:  50 mM phosphate buffer pH 6.8; 900 mL
Apparatus 2:  50 rpmCefdinir Capsules
Time:  30 min
Detector:  UV 290 nmDEFINITION
Cell length:  1 cm■0.1-cm flow cell■1S (USP34)Cefdinir Capsules contain NLT 90.0% and NMT 110.0% of the
Standard solution:  0.33 mg/mL of USP Cefdinir RS inlabeled amount of cefdinir (C14H13N5O5S2).
Medium

Sample solution:  Sample per Dissolution 〈711〉. Pass eachIDENTIFICATION
sample through a suitable 0.45-µm filter. Dilute with Medium• A. ULTRAVIOLET ABSORPTION 〈197U〉
to a concentration of about 0.33 mg/mL of cefdinir.Buffer:  Prepare as directed in the Assay.

Blank:  Dissolve one empty capsule in 100 mL of Medium, andBlank:  Use the Buffer.
dilute to 900 mL; filter if necessary.Standard solution:  10 µg/mL of USP Cefdinir RS in Buffer

Analysis:  Determine the percentage of C14H13N5O5S2Sample solution:  Equivalent to 10 µg/mL of cefdinir in Buffer.
dissolved:Filter before use.

Cell size:  1 cm
Result = (AU/AS) × CS × D × (V/L) × 100Acceptance criteria:  Sample solution maxima and minima oc-

cur at the same wavelengths as those in the Standard solution.
AU = absorbance of the Sample solution• B.  The retention time of the major peak of the Sample solu-
AS = absorbance of the Standard solutiontion corresponds to that of the Standard solution, as obtained
CS = concentration of the Standard solution (mg/mL)in the Assay.
D = dilution factor of the Sample solution (mL/mL)
V = volume of Medium, 900 mLASSAY
L = label claim (mg)• PROCEDURE
Tolerances:  NLT 80% (Q) of the labeled amount ofBuffer:  10.65 mg/mL of dibasic sodium phosphate and 3.40
C14H13N5O5S2 is dissolved.mg/mL of monobasic potassium phosphate. Adjust with phos-

phoric acid or sodium hydroxide to a pH of 7.0 ± 0.05 before
final dilution.
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• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements Buffer. Add 5.0 mL of each of System suitability stock solution
1 and System suitability stock solution 2, and dilute with Solu-

IMPURITIES tion C to volume.
Sample solution:  Transfer an equivalent to 300 mg of
cefdinir, from Capsule contents (NLT 20), into a 200-mL vol-Change to read:
umetric flask. Dissolve in 30 mL of Buffer, and dilute with
Solution C to volume to obtain a solution having a known
■nominal■2S (USP33) concentration of about 1.5 mg/mL ofOrganic Impurities
cefdinir.• PROCEDURE

Chromatographic systemSolution A:  14.2 mg/mL of anhydrous dibasic sodium
(See Chromatography 〈621〉, System Suitability.)phosphate
Mode:  LCSolution B:  13.6 mg/mL of monobasic potassium phosphate
Detector:  UV 254 nmBuffer:  Combine appropriate amounts of Solution A and So-
Column:  4.6-mm × 15-cm; 5-µm packing L1lution B (about 2:1) to obtain a solution with a pH of 7.0 ±
Column temperature:  40° ± 0.5°0.1.
Sample solution temperature:  4° ± 3°Solution C:  Dilute tetramethylammonium hydroxide (10%
■Autosampler temperature:  4°■2S (USP33)aqueous) with water to obtain a 0.1% solution. Adjust with
Flow rate:  1 mL/mindilute phosphoric acid (1 in 10) to a pH of 5.5 ± 0.1.
Injection size:  10 µLSolution D:  37.2 mg/mL of edetate disodium

System suitabilitySolution E:  To 1000 mL of Solution C add 0.4 mL of Solution
Samples:  Standard solution and System suitability solutionD.
Suitability requirementsSolution F:  Acetonitrile, methanol, Solution C, and Solution D
Resolution:  NLT 1.5 between cefdinir and the third peak(150:100:250:0.2)
of USP Cefdinir Related Compound A RS, System suitabilityMobile phase:  See the gradient table below.
solution

Tailing factor:  NMT 1.5 for cefdinir related compound B,Time Solution E Solution F System suitability solution(min) (%) (%) Relative standard deviation:   NMT 2.0% for the cefdinir
0 95 5 peak response, Standard solution
2 95 5 Analysis

22 75 25 Samples:  Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of32 50 50
Capsules taken:37 50 50

28 95 5 Result = (rU/rS) × (CS/CU) × (100/F)
58 95 5

rU = peak response of each impurity from the Sample
Standard stock solution:  750 µg/mL of USP Cefdinir RS, solution
Buffer rS = peak response from the Standard solution

Standard solution:  15 µg/mL of USP Cefdinir RS, from the CS = concentration of the Standard solution (mg/mL)
Standard stock solution in Solution C CU = concentration of the Sample solution (mg/mL)

System suitability stock solution 1:  40 µg/mL of USP F = relative response factor (see Impurity Table 1)
Cefdinir Related Compound A RS in Solution C Acceptance criteria

System suitability stock solution 2:  40 µg/mL of USP Individual impurities:  See Impurity Table 1.
Cefdinir Related Compound B RS in Solution C Total impurities:  NMT 5.0%

System suitability solution:  Transfer 37.5 mg of USP
Cefdinir RS to a 25-mL volumetric flask. Add about 10 mL of

Impurity Table 1

Relative Relative Limit of 19
Retention Response Quantification Criteria,

Name Time Factor (% Cefdinir) NMT (%)
Impurity VIII 0.10 1.1 0.1 0.5
Impurity IV 0.13 1.1 0.1 0.5
Impurity XIV 0.36 1.0 0.05 0.2
Impurity V 0.46 1.5 0.05 0.7
Impurity Bc 0.77 1.0 0.05 0.3
Impurity XI 0.75 1.0 0.05 0.7
Cefdinir Related Compound A

0.85 1.5 0.1 2.5
(lactam ring cleavage lactones-a)a

Cefdinir Related Compound A
0.94 1.5 0.1 —

(lactam ring cleavage lactones-b)a

Cefdinir Related Compound A
1.11 1.5 0.1 —

(lactam ring cleavage lactones-c)a

Cefdinir Related Compound A
1.14 1.5 0.1 —

(lactam ring cleavage lactones-d)a

 aRS II is a mixture of 4 isomers designated as RS lla, RS llb, RS llc, and RS lld. The sum of all values is reported and the total limit for all 4 isomers combined is
2.5%.

bRS III is a mixture of 2 isomers designated as RS llla and RS lllb. The sum of both values is reported and the total limit for both isomers combined is 1.0%.
cImpurity B, Impurity D, and Impurity E are unidentified impurities.
dThe total unidentified impurities limit includes the % total of unidentified impurities B, D, and E and any other unidentified impurities.
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Impurity Table 1 (continued)

Relative Relative Limit of 19
Retention Response Quantification Criteria,

Name Time Factor (% Cefdinir) NMT (%)
Impurity VI 1.18 1.1 0.05 0.2
Impurity I 1.23 1.2 0.05 1.0
Cefdinir Related Compound B 1.28 1.1 0.05 0.2
Impurity XIII 1.37 1.4 0.05 0.5
Impurity Ec 1.44 1.0 0.05 0.5
Impurity XV 1.49 1.0 0.05 0.2
Impurity VII 1.51 1.1 0.05 0.7
Impurity IIIab 1.62 1.3 0.05 1.0
Impurity IIIbb 1.64 1.3 0.05 —
Impurity Dc 1.82 1.0 0.05 0.2
Individual unidentified impurities — 1.0 — 0.2
Total unspecified impuritiesd — — — 1.0
 aRS II is a mixture of 4 isomers designated as RS lla, RS llb, RS llc, and RS lld. The sum of all values is reported and the total limit for all 4 isomers combined is

2.5%.
bRS III is a mixture of 2 isomers designated as RS llla and RS lllb. The sum of both values is reported and the total limit for both isomers combined is 1.0%.
cImpurity B, Impurity D, and Impurity E are unidentified impurities.
dThe total unidentified impurities limit includes the % total of unidentified impurities B, D, and E and any other unidentified impurities.
 

■Impurity Table 1

Relative Relative Reporting Acceptance
Retention Response Threshold Criteria,

Name Time Factor (% Cefdinir) NMT (%)
Impurity VIIIa 0.10 1.1 0.1 0.5
Impurity IVb 0.13 1.1 0.1 0.5
Impurity XIVc 0.36 1.0 0.05 0.2
Impurity Vd 0.46 1.5 0.05 0.7
Impurity Be 0.77 1.0 0.05 0.3
Impurity XIf 0.75 1.0 0.05 0.7
Cefdinir related compound A

0.85 1.5 0.1 2.5
(lactam ring cleavage lactones-a)g,h

Cefdinir related compound A
0.94 1.5 0.1 —

(lactam ring cleavage lactones-b)g,h

Cefdinir related compound A
1.11 1.5 0.1 —

(lactam ring cleavage lactones-c)g,h

Cefdinir related compound A
1.14 1.5 0.1 —

(lactam ring cleavage lactones-d)g,h

Impurity VIi 1.18 1.1 0.05 0.2
Impurity Ij 1.23 1.2 0.05 1.0
Cefdinir related compound Bk 1.28 1.1 0.05 0.2
Impurity XIIIf 1.37 1.4 0.05 0.5
Impurity Ee 1.44 1.0 0.05 0.5
Impurity XVl 1.49 1.0 0.05 0.2
a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido](carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e Impurity B, Impurity D, and Impurity E are unidentified impurities.
f This information cannot be disclosed.
g Cefdinir related compound A is a mixture of 4 isomers designated as lactam ring cleavage lactones a, b, c, and d. The sum of all values is reported and the total
limit for all 4 isomers combined is 2.5%.

h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-((E)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido)-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n Impurity III is a mixture of 2 isomers designated as Impurity llla and Impurity lllb. The sum of both values is reported and the total limit for both isomers combined
is 1.0%.

o (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-(((2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl)methyl)acetamide.
p The total unidentified impurities limit includes the percent total of unidentified impurities B, D, and E and any other unidentified impurities.
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Impurity Table 1 (continued)

Relative Relative Reporting Acceptance
Retention Response Threshold Criteria,

Name Time Factor (% Cefdinir) NMT (%)
Impurity VIIm 1.51 1.1 0.05 0.7
Impurity IIIan,o 1.62 1.3 0.05 1.0
Impurity IIIbn,o 1.64 1.3 0.05 —
Impurity De 1.82 1.0 0.05 0.2
Individual unidentified impurities — 1.0 — 0.2
Total unspecified impuritiesp — — — 1.0
a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido](carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e Impurity B, Impurity D, and Impurity E are unidentified impurities.
f This information cannot be disclosed.
g Cefdinir related compound A is a mixture of 4 isomers designated as lactam ring cleavage lactones a, b, c, and d. The sum of all values is reported and the total
limit for all 4 isomers combined is 2.5%.

h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-((E)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido)-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n Impurity III is a mixture of 2 isomers designated as Impurity llla and Impurity lllb. The sum of both values is reported and the total limit for both isomers combined
is 1.0%.

o (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-(((2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl)methyl)acetamide.
p The total unidentified impurities limit includes the percent total of unidentified impurities B, D, and E and any other unidentified impurities.
 

■2S (USP33) IDENTIFICATION
• The retention time of the major peak of the Sample solution

ADDITIONAL REQUIREMENTS corresponds to that of the Standard solution, as obtained in
• PACKAGING AND STORAGE:  Preserve in tight light-resistant con- the Assay.

tainers, and store at controlled room temperature.
• USP REFERENCE STANDARDS 〈11〉 ASSAY

USP Cefdinir RS • PROCEDURE
USP Cefdinir Related Compound A RS Solution A:  2 N sulfuric acid and water (2:33)
USP Cefdinir Related Compound B RS Buffer:  2.9 mL/L of phosphoric acid in water

Mobile phase:  Acetonitrile and Buffer (3:7)
Diluent:  Acetonitrile, Solution A, and water (100:1:100)
Standard solution:  0.2 mg/mL of USP Cetirizine Hydrochlo-

BRIEFING ride RS in Diluent
Sample solution:  0.2 mg/mL of cetirizine hydrochloride in
Diluent, from NLT 20 powdered Tablets. [NOTE—Sonicate, if
necessary.]Cetirizine Hydrochloride Tablets.  Because there is no ex-

Chromatographic systemisting USP monograph for this drug product, a new monograph
(See Chromatography 〈621〉, System Suitability.)based on validated methods of analysis, is being proposed. The
Mode:  LCproposed liquid chromatographic procedure in the test for Or-
Detector:  UV 230 nmganic Impurities is based on analyses performed with the Lichro-
Column:  4.6-mm × 25-cm; 5-µm packing L1sphere Silica brand of L3 column.
Flow rate:  1.5 mL/minThe typical retention time for the cetirizine peak is 19 min. The
Injection size:  10 µLliquid chromatographic procedures in the Assay and Dissolution
Run time:  1.3 times the retention time of cetirizinetests are based on analyses performed with the Inertsil ODS 3V

System suitabilitybrand of L1 column. The typical retention time for the cetirizine
Sample:  Standard solutionpeak is 11.2 min.
Suitability requirements

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%(MD-PS: H. Ramanathan, D. Vicchio. BPC: M. Marques.) AnalysisRTS—C45928 Samples:  Standard solution and Sample solution

Calculate the percentage of C21H25ClN2O3 · 2HCl in the por-
tion of Tablets taken:

Result = (rU/rS) × (CS/CU) ×100
Add the following:

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Cetirizine Hydrochloride in■Cetirizine Hydrochloride Tablets

the Standard solution (mg/mL)
CU = nominal concentration of cetirizine hydrochlorideDEFINITION

in the Sample solution (mg/mL)Cetirizine Hydrochloride Tablets contain NLT 90.0% and NMT
110.0% of C21H25ClN2O3 · 2HCl.
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Acceptance criteria:  90.0%–110.0% rS = peak response for cetirizine from the Standard
solution

PERFORMANCE TESTS CS = concentration of USP Cetirizine Hydrochloride RS
• DISSOLUTION 〈711〉 in the Standard solution (mg/mL)

Medium:  Water; 900 mL, degassed CU = nominal concentration of cetirizine hydrochloride
Apparatus 2:  50 rpm in the Sample solution (mg/mL)
Time:  30 min F = relative response factor (see Impurity Table 1)
Buffer:  2.9 mL/L of orthophosphoric acid in water Acceptance criteria
Mobile phase:  Acetonitrile and Buffer (2:3) Individual impurities:  See Impurity Table 1.
Standard solution:  11 µg/mL of USP Cetirizine Hydrochloride Total impurities:  NMT 0.5%
RS in water. This solution can be stored for 48 h at room
temperature.

Impurity Table 1Sample solution:  Pass a portion of the solution under test
through a suitable 0.45-µm filter. Relative Relative Acceptance

Chromatographic system Retention Response Criteria,
(See Chromatography 〈621〉, System Suitability.) Name Time Factor NMT (%)
Mode:  LC Ceterizine lactose estera 0.56 1.0 0.2
Detector:  UV 230 nm

Cetirizine 1.0 — —Column:  4.6-mm × 25-cm; 5-µm packing L1
Cetirizine ethanolb 1.67 1.2 0.15Flow rate:  1 mL/min
Any unspecified — — 0.20Injection size:  50 µL
degradation productRun time:  1.3 times the retention time of cetirizine

System suitability a 6-O-[2-(2-{4-[(4-Chlorophenyl)(phenyl)methyl]piperazin-1-yl}ethoxy)acetyl]-β-
Sample:  Standard solution D-galactopyranosyl-(1→4)β-D-glucopyranose.
Suitability requirements b 2-[4-[(4-Chlorophenyl)phenylmethyl]piperazin-1-yl]ethanol.

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

ADDITIONAL REQUIREMENTSCalculate the percentage of cetirizine dissolved:
• PACKAGING AND STORAGE:  Preserve in well-closed containers,

and store below 30°.Result = (rU/rS) × (CS/L) × V × 100
• USP REFERENCE STANDARDS 〈11〉

USP Cetirizine Hydrochloride RS■1S (USP34)rU = peak response from the Standard solution
rS = peak response from the Sample solution
CS = concentration of the Standard solution (mg/mL)
L = Tablet label claim, mg

BRIEFINGV = volume of Medium, 900 mL
Tolerances:  NLT 80% (Q) of the labeled amount of cetirizine
hydrochloride is dissolved.

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements Divalproex Sodium Delayed-Release Capsules.  Because
there is no existing USP monograph for this dosage form, a new

IMPURITIES monograph is being proposed. The Assay and the Dissolution
Organic Impurities test were validated using the Inertsil ODS-3V brand of L1 col-
• PROCEDURE umn, in which valproic acid elutes at about 7.2 min.

Solution A:  2 N sulfuric acid and water (2:33)
Buffer:  3.4 g/L of tetrabutyl ammonium hydrogen sulfate in
water

(MD-PP: R. Ravichandran. BPC: M. Marques.) RTS—C75106Diluent:  Acetonitrile, Solution A, and water (910:27:63)
Mobile phase:  Acetonitrile, Solution A, and Buffer (93:5:2)
Standard solution:  1.5 µg/mL of USP Cetirizine Hydrochlo-
ride RS in Diluent

Sample solution:  0.5 mg/mL of cetirizine hydrochloride in
Diluent, from NLT 20 powdered Tablets. [NOTE—Sonicate, if Add the following:
necessary.]

Chromatographic system
(See Chromatography 〈621〉, System Suitability.) ■Divalproex Sodium Delayed-Release
Mode:  LC Capsules
Detector:  UV 230 nm
Column:  4.0-mm × 25-cm; 5-µm packing L3 DEFINITIONFlow rate:  0.8 mL/min Divalproex Sodium Delayed-Release Capsules contain an amountInjection size:  20 µL of divalproex sodium equivalent to NLT 90.0% and NMTRun time:  2.5 times the retention time of cetirizine 110.0% of the labeled amount of valproic acid (C8H16O2).System suitability
Sample:   Standard solution IDENTIFICATION
Suitability requirements • A. INFRARED ABSORPTION 〈197K〉
Tailing factor:  NMT 2.0 Diluent:  Acetonitrile and water (1:1)
Relative standard deviation:  NMT 10.0% Standard:  Prepare as directed in 〈197F〉 using USP Valproic

Analysis acid RS.
Samples:  Standard solution and Sample solution Sample:  Dissolve the contents of 20 Capsules and 30 mL of

Calculate the percentage of each impurity in the portion of Diluent in a 50-mL volumetric flask. Sonicate to dissolve for 30
Tablets taken: min. Dilute with Diluent to volume. Centrifuge the solution at

3000 rpm for about 20 min. Pipet 20 mL of the supernatant
Result = (rU/rS) × (CS/CU) × (1/F) × 100 into a separatory funnel. Extract with 50 mL of n-hexane. Col-

lect the n-hexane layer, and evaporate the solvent. Cast 1 mgrU = peak response of each impurity from the Sample of the liquid obtained after evaporation to NaCl windows.solution
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• B.  The retention time of the major peak of the Sample solu- Mode:  LC
tion corresponds to that of the Standard solution, as obtained Detector:  UV 210 nm
in the Assay. Column:  4.6-mm × 15-cm; 5-µm packing L1

Flow rate:  1.8 mL/min
ASSAY Injection size:  40 µL
• PROCEDURE System suitability

Buffer:  6.8 g/L of monobasic potassium phosphate, adjusted Sample:  Standard solution
with phosphoric acid to a pH of 3.0 Suitability requirements

Diluent:  Acetonitrile and water (1:1) Tailing factor:  NMT 2.0 for valproic acid
Standard solution:  Transfer a suitable amount of USP Val- Relative standard deviation:  NMT 2.0% for valproic acid
proic Acid RS to a suitable volumetric flask to obtain a solution Analysis
having a final concentration of 2.5 mg/mL of valproic acid. Samples:  Standard solution and Sample solution
Add 40% of the flask volume of Diluent. Sonicate for 5 min,  Calculate the percentage of valproic acid dissolved (Di) at
and add 20% of the flask volume of 0.1 N hydrochloric acid. each time interval:
Dilute with Diluent to volume.

Sample solution:  Transfer an amount of contents (from NLT Di = (rU/rS) × (CS/L) × V × 100
20 Capsules) to a suitable volumetric flask to obtain a nominal
concentration of 2.5 mg/mL of valproic acid. Dissolve in 20% rU = peak response from the Sample solution
of the flask volume of 0.1 N hydrochloric acid, and sonicate rS = peak response from the Standard solution
for 5 min. Add 60% of the flask volume of Diluent, and soni- CS = concentration of the Standard solution (mg/mL)
cate for an additional 25 min. Dilute with Diluent to volume. L = label claim (mg/Capsule)
Centrifuge at 4000 rpm for 10 min, and use the clear V = volume of Medium, 500 mL
supernatant.

percentage of valproic acid dissolved at 2 h = D1Mobile phase:  Acetonitrile and Buffer (2:3)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

percentage of valproic acid dissolved at 4 h = Mode:  LC
D2 + [(D1/V) × VS]Detector:  UV 215 nm

Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.8 mL/min percentage of valproic acid dissolved at 6 h = Injection size:  20 µL D3 + [(D1/V) × VS] + [(D2/V) × VS]System suitability
Sample:  Standard solution V = volume of Medium, 500 mL
Suitability requirements VS = volume withdrawn at each sampling time (mL)

Tailing factor:  NMT 2.0 for valproic acid Tolerances:  NLT 20% of the labeled amount of valproic acid
Relative standard deviation:  NMT 2.0% for valproic acid is dissolved in 2 h; NLT 70% of the labeled amount of valproic

Analysis acid is dissolved in 4 h; and NLT 85% of the labeled amount
Samples:  Standard solution and Sample solution of valproic acid is dissolved in 6 h.
Calculate the percentage of valproic acid (C8H16O2) in the • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
portion of Capsules taken:

ADDITIONAL REQUIREMENTS
Result = (rU/rS) × (CS/CU) × 100 • PACKAGING AND STORAGE:   Preserve in tight, light-resistant

containers at controlled room temperature.
rU = peak response from the Sample solution • USP REFERENCE STANDARDS 〈11〉
rS = peak response from the Standard solution USP Valproic Acid RS■1S (USP34)
CS = concentration of USP Valproic Acid RS in the

Standard solution (mg/mL)
CU = nominal concentration of valproic acid in the

Sample solution (mg/mL) BRIEFING
Acceptance criteria:  90.0%–110.0% of valproic acid

PERFORMANCE TESTS
Divalproex Sodium Extended-Release Tablets.  Because• DISSOLUTION 〈711〉
there is no existing USP monograph for this dosage form, a newMedium:  Phosphate buffer, pH 7.5 (6.8 g/L of monobasic po-
monograph is being proposed. The Assay was validated using atassium phosphate and 1.64 g/L of sodium hydroxide in
Waters Nova-Pak brand of L11 column, in which valproic acidwater, adjusted with 0.08 N hydrochloric acid to a pH of 7.5);
elutes at about 7 min. The chromatographic procedure in the500 mL, degassed
Dissolution test was validated using a Waters MicroBondpak 10-Apparatus 2:  50 rpm, with sinkers
µm Phenyl brand of packing L11. Alternative columns are Nova-Time:  2, 4, and 6 h
Pak Phenyl 4-µm or XTerra Phenyl 5-µm. The typical retentionBuffer and Mobile phase:  Prepare as directed in the Assay.
time for valproic acid is 2.4–3.4 min. The chromatographic pro-Standard stock solution:  1.6 mg/mL of USP Valproic Acid RS
cedure in Dissolution Test 2 was validated using an Eclipse XDB-in Mobile phase
C8 brand of packing L7. The typical retention time for valproicStandard solution:  0.26 mg/mL of valproic acid from Stan-
acid in Dissolution Test 2 is about 5 min.dard stock solution and Medium

Sample solution:  Pass a portion of the solution under test
through a suitable 0.45-µm filter. Replace the volume with-
drawn with an equal volume of Medium previously heated at (MD-PP: R. Ravichandran, M. Marques.) RTS—C56394;
37.0 ± 0.5°. C68830

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Analysis:  After 45 min in the Acid stage medium, withdraw aAdd the following:
sample from the solution, and immediately filter. Replace the
Acid stage medium with the Buffer stage medium and run the
test for the times specified.■Divalproex Sodium Extended-Release

Standard stock solution:   2.5 mg/mL of USP Valproic AcidTablets
RS in methanol

Standard solution:  0.15 mg/mL of USP Valproic Acid RS
DEFINITION from the Standard stock solution in the Buffer stage medium.
Divalproex Sodium Extended-Release Tablets contain an amount [NOTE—Add 40% of the flask volume of methanol before di-

of divalproex sodium equivalent to NLT 90.0% and NMT luting with Buffer stage medium to volume.]
110.0% of the labeled amount of valproic acid (C8H16O2). Buffer:  1.42 g of sodium phosphate dibasic and 0.5 mL of

glacial acetic acid in 1 L of water. Adjust with phosphoricIDENTIFICATION
acid to a pH of 2.5.• The retention time of the major peak of the Sample solution

Sample solution:  Pass a portion of the solution under testcorresponds to that of the Standard solution, as obtained in
through a suitable 20-µm filter. Use the Sample solution fromthe Assay.
the Acid Stage as is. Dilute the Sample solution from the Buffer
Stage with methanol by a factor of 2.ASSAY

Mobile phase:  Methanol and Buffer (13:7)• PROCEDURE
Chromatographic systemBuffer:  0.5 g of citric acid monohydrate and 0.4 g of dibasic
(See Chromatography 〈621〉, System suitability.)sodium phosphate in 1 L of water
Mode:   LCDiluent:  Buffer adjusted with phosphoric acid to a pH of 2.0
Detector:  UV 210 nmStandard stock solution:  2.5 mg/mL of USP Valproic Acid RS
Column:  3.9 mm × 15 cm; 10-µm packing L11in methanol
Column temperature:  30°Standard solution:  1.0 mg/mL of USP Valproic Acid RS from
Flow rate:  1 mL/minthe Standard stock solution and Diluent
Injection size:  80 µLSample stock solution:  Transfer an amount of powder (from
Run time:  6 minNLT 20 Tablets) to a suitable volumetric flask to obtain a nom-

System suitabilityinal concentration of 2.5 mg/mL of valproic acid. Dissolve in
Sample:  Standard solution50% of the flask volume of methanol by shaking for 1 h.
Suitability requirementsDilute with methanol to volume and pass through a suitable
Tailing factor:  NMT 2.5filter.
Relative standard deviation:  NMT 2.0%Sample solution:  1.0 mg/mL of valproic acid from the filtrate

Analysisof the Sample stock solution in Diluent
Samples:  Sample solutions from the Acid Stage, BufferMobile phase:  Methanol and Buffer (11:9). Adjust with phos-
Stage, and Standard solutionphoric acid to a pH of 5.0.

Calculate the percentage of valproic acid dissolved in the AcidChromatographic system
Stage:(See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Result = (rU/rS) × (CS/L) × VA × 100Detector:  UV 210 nm

Column:  3.9-mm × 15-cm; 4-µm packing L11
rU = peak response from the Sample solutionFlow rate:  0.7 mL/min
rS = peak response from the Standard solutionInjection size:  20 µL
CS = concentration of USP Valproic Acid RS in theSystem suitability

Standard solution (mg/mL)Sample:  Standard solution
L = Tablet label claim expressed in valproic acid (mg)Suitability requirements
VA = volume of Acid stage medium (500 mL)Tailing factor:  NMT 2.0 for valproic acid
Calculate the concentration of valproic acid dissolved in theRelative standard deviation:  NMT 2.0% for valproic acid
Buffer stage medium at the time interval t in mg/mL:Analysis

Samples:  Standard solution and Sample solution Ct = (rU/rS) × (CS × DU) × 2Calculate the percentage of valproic acid (C8H16O2) in the
portion of Tablets taken: rU = peak response from the Sample solution

rS = peak response from the Standard solutionResult = (rU/rS) × (CS/CU) × 100 CS = concentration of USP Valproic Acid RS in the
Standard solution (mg/mL)rU = peak response from the Sample solution

DU = 2, dilution factor of the Sample solution in therS = peak response from the Standard solution
Buffer StageCS = concentration of USP Valproic Acid RS in the

Calculate the percentage of valproic acid in the Buffer stageStandard solution (mg/mL)
medium at the first time interval:CU = nominal concentration of valproic acid in the

Sample solution (mg/mL) Result = C1 × VB × 100/LAcceptance criteria:  90.0%–110.0% of valproic acid

C1 = concentration of valproic acid in the Buffer stagePERFORMANCE TESTS
medium at the first time interval (mg/mL)• DISSOLUTION 〈711〉

VB = volume of Buffer stage medium (900 mL)Test 1
L = Tablet label claim expressed in valproic acid (mg)Acid stage medium:  0.1 N of hydrochloric acid; 500 mL
Calculate the percentage of valproic acid dissolved in theBuffer stage medium:  21.6 g of sodium dodecyl sulfate, 6.9
Buffer stage medium at the second time interval:g of sodium dihydrogen phosphate monohydrate, and 0.12

g of sodium hydroxide in 1 L of water. Adjust with diluted Result = [C2 × (VB − VS)] + (C1 × VS) × 100/Lsodium hydroxide or phosphoric acid to a pH of 5.5; 900
mL. C2 = concentration of valproic acid in the Buffer stage

Apparatus 2:  100 rpm, with three prong sinkers only for medium at the second time interval (mg/mL)
250 mg Tablets VB = volume of Buffer stage medium (900 mL)

Times:  45 min in the Acid stage medium; 3, 12, and 24 h in VS = volume of sample taken at each time interval
the Buffer stage medium (mL)
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C1 = concentration of valproic acid in the Buffer stage Sample solution:  Withdraw 10 mL of the solution under test
medium at the first time interval (mg/mL) and pass through a suitable 35-µm filter.

L = Tablet label claim expressed in valproic acid (mg) Buffer:  3.5 g/L of sodium phosphate monobasic monohy-
Calcluate the percentage of valproic acid dissolved in the drate in water. Adjust with phosphoric acid to a pH of 3.5.
Buffer stage medium at the nth time interval: Mobile phase:  Acetonitrile and Buffer (1:1)

Chromatographic system
Result = Cn × (VB − (n-1) × VS) + [(C1 + C2 + ....+ Cn-1) × VS] × (See Chromatography 〈621〉, System suitability.)

100/L Mode:  LC
Detector:  UV 215 nm

Cn = concentration of valproic acid in the Buffer stage Column:  4.6 mm × 15 cm; 5-µm L7 packing
medium at the nth time interval (mg/mL) Flow rate:  1 mL/min

VB = volume of Buffer stage medium (900 mL) Injection size:  50 µL
VS = volume of sample taken (mL) System suitability
C1 = concentration of valproic acid dissolved in the Samples:  0.028 mg/mL, 0.11 mg/mL, 0.22 mg/mL, 0.50

first time interval in the Buffer stage medium mg/mL, and 0.70 mg/mL of the Standard solutions
(mg/mL) Suitability requirements

C2 = concentration of valproic acid dissolved in the Tailing factor:  NMT 2.0, using the 0.50 mg/mL of Stan-
second time interval in the Buffer stage medium dard solution
(mg/mL) Relative standard deviation:  NMT 2.0%

Cn-1 = concentration of valproic acid dissolved in the Correlation coefficient:  NLT 0.999, using the 5 concen-
(n-1)th time interval in the Buffer stage medium trations of the Standard solution
(mg/mL) Analysis

L = Tablet label claim expressed in valproic acid (mg) Samples:  Sample solutions
Tolerances From the standard curve, determine the amount of valproic

Acid stage:  NLT 10% of the labeled amount of valproic acid dissolved at each time interval using the response of
acid is dissolved. each Sample solution. Calculate the percentage of valproic

Buffer stage:  The percentage of the labeled amount of acid dissolved in the Buffer stage medium at the first time
valproic acid dissolved at the times specified conform to interval:
Acceptance Table 2.

Result = (C1 × VB) × 100/L

Amount Dissolved Amount Dissolved C1 = concentration of valproic acid in the Buffer stage
(Tablets labeled to (Tablets labeled to medium at the 3 h time interval (mg/mL)

Time contain 500 mg of contain 250 mg of VB = volume of Buffer stage medium (900 mL)
 (h) valproic acid) valproic acid) L = Tablet label claim expressed in valproic acid

3 10%–30% 10%–30% (mg)
9 35%–55% 35%–60% Calculate the percentage of valproic acid dissolved in the

Buffer stage medium at the nth time interval:12 45%–70% 45%–75%
24 NLT 75% NLT 75%

Result = Cn × (VB − (n-1) × VS) + [(C1 + C2 + ....+ Cn-1) × VB]
× 100/LTest 2:  If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 2.
Cn = concentration of valproic acid in the Buffer stageAcid stage medium:  0.1 N of hydrochloric acid; 500 mL

medium at the nth time interval (mg/mL)Buffer stage concentrate:  15.53 g/L of sodium phosphate
VB = volume of Buffer stage medium (900 mL)monobasic monohydrate, 5.45 g/L of sodium hydroxide, and
VS = volume of sample taken (mL)48.65 g of sodium lauryl sulfate/L in water, final pH approxi-
C1 = concentration of valproic acid dissolved in themately 11); 400 mL

first time interval in the Buffer stage mediumBuffer stage medium:  Mix 400 mL of Buffer stage concen-
(mg/mL)trate with 500 mL of Acid stage medium to a pH of 5.5 ±

C2 = concentration of valproic acid dissolved in the0.05. If necessary, adjust the pH of the Buffer stage medium
second time interval in the Buffer stage mediumwith 1 N of hydrochloric acid or 1 N of sodium hydroxide to
(mg/mL)assure that the final pH of the mixture of media is 5.5. Retain

Cn-1 = concentration of valproic acid dissolved in thethis solution to dilute the solutions prepared later.
(n-1)th time interval in the Buffer stage mediumApparatus 2:  100 rpm, with wire helix sinkers
(mg/mL)Times:  45 min in the Acid stage medium; 3, 9, 12, and 21 h

L = Tablet label claim expressed in valproic acidin the Buffer stage medium
(mg)Procedure:  After 45 min in Acid stage medium, stop and lift

Tolerances:  The percentage of the labeled amount of val-the paddles from the vessels. Do not perform an analysis of
proic acid dissolved at the times specified conform to thethe Acid stage medium. Transfer 400 mL of pH adjusted Buffer
following acceptance table:stage medium to the vessels containing the Acid stage medium

and run the test for the times specified.
Standard stock solution:  28 mg/mL of USP Valproic Acid RS

3 h 9 h 12 h 21 hin a suitable volumetric flask, dissolve with 20% of the flask
L1 Individual 10%–27% 35%–70% 44%–92% NLT 87%volume of 1 N of sodium hydroxide, and dilute with water to

Tabletsvolume. Dilute this solution with Buffer stage medium to ob-
L2 Average 10%–27% 35%–70% 44%–92% NLT 87%tain a final concentration of about 2.8 mg/mL.

Standard solutions:  Prepare a series of dilutions in Buffer L2 Individual 0–37% 25%–80% 34%–102% NLT 77%
stage medium from the Standard stock solution in the concen- Tablets
trations of 0.028 mg/mL, 0.11 mg/mL, 0.22 mg/mL, 0.50
mg/mL, and 0.70 mg/mL.
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IDENTIFICATION3 h 9 h 12 h 21 h • A. INFRARED ABSORPTION 〈197M〉
L3 Average 10%–27% 35%–70% 44%–92% NLT 87% • B.  The retention time of the major peak of the Sample solu-
L3 Individual NMT 2 NMT 2 NMT 2 Tab- NMT 2 tion corresponds to that of the Standard solution, as obtained

Tablets Tablets Tablets lets are Tablets in the Assay.
are are outside the release

ASSAYoutside outside range of less than
• PROCEDUREthe the 34%–102% 77%

Solution A:  Waterrange of range of and no in- and no
Solution B:  Acetonitrile0%–37% 25%–80% dividual individu-
Diluent:  Acetonitrile and water (1:1)and no and no Tablet is al Tablet
Standard solution:  2 mg/mL of USP Drospirenone RS inindividual individual outside the releases
DiluentTablet is Tablet is range of less than

Sample solution:  2 mg/mL of Drospirenone in Diluentoutside outside 24%–112% 67%
Mobile phase:  See the gradient table below.the the

range range of
0%–47% 15%–90% Time Solution A Solution B

(min) (%) (%)• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
0 64 36

ADDITIONAL REQUIREMENTS 28.5 64 36
• PACKAGING AND STORAGE:  Preserve in well-closed containers at 45 10 90

a controlled room temperature. 45.5 0 100
• LABELING:  When more than one Dissolution test is given, the

52 0 100labeling states the Dissolution test used only if Test 1 is not
53 64 36used.
80 64 36• USP REFERENCE STANDARDS 〈11〉

USP Valproic Acid RS■1S (USP34)
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 245 nmBRIEFING
Column:  4.0-mm × 25-cm; 5-µm L1 packing
Column temperature:  30°
Flow rate:  1.5 mL/minDrospirenone,  USP 32 page 2220. On the basis of comments
Injection size:  10 µLreceived, it is proposed to replace the test for Organic Impurities,

System suitabilityProcedure 2, with a validated liquid chromatographic procedure
Samples:  Standard solution and Diluentthat provides superior performance and higher sensitivity, selec-
Suitability requirementstivity, and robustness than the current method. The proposed

Column efficiency:  NLT 7000 theoretical plates, Standardprocedure was validated with the YMC Pack Pro brand of 4.6-
solutionmm × 25-cm L1 column, in which drospirenone elutes at about

Tailing factor:  NMT 2.5, Standard solution20 min. It is also proposed to change the limits for unspecified
Relative standard deviation:  NMT 1.0%, Standardand total impurities. The unspecified impurities limit is revised
solutionfrom 0.1% to 0.10% to be consistent with ICH guidelines, and

Blank:  No peaks with a signal-to-noise ratio greater thanthe total impurities limit is revised from 0.4% to 0.3%. Addition-
10 should be present in the chromatogram of the Diluentally, it is proposed to change the test for Optical Rotation, Spe-
between 5 and 45 min.cific Rotation, from a range of −186° to −196° to a range of

Analysis−187° to −193° to make the limits consistent with available data.
Samples:  Standard solution and Sample solution
Calculate the percentage of C24H30O3 in the portion of Dro-
spirenone taken:

(MD-PS: D. Vicchio.) RTS—C73024
Result = (rU/rS) × (CS/CU) × 100

rU = peak response from the Sample solution
rS = peak response from the Standard solutionDrospirenone
CS = concentration of the Standard solution (mg/mL)
CU = concentration of Drospirenone in the Sample so-

lution (mg/mL)
Acceptance criteria:  NLT 98.0%–NMT 102.0% on the anhy-
drous, solvent-free basis

IMPURITIES
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
• HEAVY METALS, Method II 〈231〉:  20 ppmC24H30O3 366.49

(6R,7R,8R,9S,10R,13S,14S,15S,16S,17S)-1,3′,4′,6,6a,7,8,9,10,
11,12,13,14,15,15a,16-Hexadecahydro-10,13-dimethylspiro- Change to read:
[17H-dicyclopropa[6,7:15,16]cyclopenta
[a]phenanthrene-17,2′(5′H)-furan]-3,5′(2H)-dione;

17-Hydroxy-6β,7β:15β,16β-dimethylene-3-oxo-17 α-pregn-4- Organic Impurities
ene-21-carboxylic acid, γ-lactone [67392-87-4]. • PROCEDURE 1: LIMIT OF 1,2-DIMETHOXYETHANE AND DIISOPROPYL

ETHER (if present)
DEFINITION Standard solution:  0.1 mg/mL of 1,2-dimethoxyethane and
Drospirenone contains NLT 98.0% and NMT 102.0% of C24H30O3, 0.05 mg/mL of diisopropyl ether in dimethylformamide

calculated on the anhydrous, solvent-free basis.
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Sample solution:  50 mg/mL of Drospirenone in ■• PROCEDURE 2
dimethylformamide Solution A:  Water

Chromatographic system Solution B:  Acetonitrile
(See Chromatography 〈621〉, System Suitability.) Diluent:  Acetonitrile and water (1:1)
Mode:  GC Standard solution:  0.6 µg/mL of USP Drospirenone RS in
Detector:  Flame ionization Diluent
Column:  0.25-mm × 30-m; 1.4-µm coating of phase G43 System suitability solution:  60 µg/mL of USP Drospirenone
Temperature RS and 60 µg/mL of USP Drospirenone Related Compound A
Column:  See the temperature program table below. RS in Diluent

Sample solution:  0.6 mg/mL of Drospirenone in Diluent
Mobile phase:  See the gradient table below.Time Column Temperature

(min)  (°)
0 40 Time Solution A Solution B

(min) (%) (%)10 40
0 63 3716 70

16.0 52 4821 220
23.0 52 48

Injector:  160° 31.0 20 80
Detector:  250°

39.0 20 80Carrier gas:  Helium
39.1 63 37Flow rate:  32 ± 8 cm/s. [NOTE—For pressure-controlled
49.0 63 37systems, a column pressure of about 130 kPa is necessary.]

Injector type:  Headspace
Chromatographic systemSample volume (mL/vial):  2.0
(See Chromatography 〈621〉, System Suitability.)Vial treatment:  Maintain at 80° for 60 min prior to
Mode:  LCinjection.
Detector:  UV 195 nm and 245 nmSystem suitability
Column:  4.6-mm × 25-cm; 3-µm packing L1Sample:  Standard solution
Column temperature:  35°[NOTE—The relative retention times for diisopropyl ether
Flow rate:  1 mL/minand 1,2-dimethoxyethane are about 0.6 and 1.0,
Injection size:  10 µLrespectively.]

System suitabilitySuitability requirements
Samples:  Standard solution and System suitability solutionRelative standard deviation:  NMT 4%
Suitability requirementsAnalysis
Resolution:  NLT 5.0 between drospirenone and drospire-Samples:  Standard solution and Sample solution
none related compound A, System suitability solutionCalculate the percentage of 1,2-dimethoxyethane and di-

Tailing factor:  Between 0.8 and 1.5, Standard solutionisopropyl ether in the portion of Drospirenone taken:
Relative standard deviation:  NMT 2.0%, Standard
solutionResult = (rU/rS) × (CS/CU) × 100

Analysis
Samples:  Standard solution and Sample solutionrU = peak response of 1,2-dimethoxyethane or di-
Calculate the percentage each impurity in the portion ofisopropyl ether from the Sample solution
Drospirenone taken:rS = peak response of 1,2-dimethoxyethane or di-

isopropyl ether from the Standard solution
Result = (rU/rS) × (CS/CU) × (1/F) × 100CS = concentration of 1,2-dimethoxyethane or di-

isopropyl ether in the Standard solution
rU = response of each individual impurity from the(mg/mL)

Sample solutionCU = concentration of Drospirenone in the Sample so-
rS = response of drospirenone from the Standard so-lution (mg/mL)

lutionAcceptance criteria
CS = concentration of USP Drospirenone RS in theIndividual impurities:  NMT 0.2% of 1,2-dimethoxyethane

Standard solution (µg/mL)and NMT 0.1% of diisopropyl ether
CU = concentration of Drospirenone in the Sample so-• PROCEDURE 2

lution (µg/mL)Solution A, Solution B, Diluent, Standard solution, Sample
F = relative response factor for each individual im-solution, Mobile phase, Chromatographic system, and

purity (see Impurity Table 1 for values)System suitability:  Proceed as in the Assay.
[NOTE—The percentage of hydroxydrospirenone is calcu-Analysis
lated at 195 nm.]Samples:  Standard solution, Sample solution, and Diluent

Acceptance criteriaCalculate the percentage of each impurity in the portion of
Any individual impurities:  See Impurity Table 1.Drospirenone taken:
Total impurities:  NMT 0.3%
[NOTE—Disregard any peaks that are less than 0.05% ofResult = (rU/rT) × 100%
the drospirenone peak.]

rU = individual peak response from the Sample solu-
tion

rT = sum of all peak responses from the Sample solu-
tion

Acceptance criteria
Any individual impurities:  NMT 0.1%
Total impurities:  NMT 0.4%
[NOTE—Disregard peaks that are less than 0.05% of the
drospirenone peak.]
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Impurity Table 1 Change to read:

Relative Relative Acceptance
 Retention  Response  Criteria, • USP REFERENCE STANDARDS 〈11〉

Name  Time  Factor  NMT (%) USP Drospirenone RS
7-Hydroxymethyl dro- 0.43 1.9 0.10 ■USP Drospirenone Related Compound A RS
spirenone at 245 nma [17-Hydroxy-6β,7β:15β,16β-dimethylene-3-oxo-17β-pregn-4-

5-Hydroxydrospirenone 0.57 0.57 0.10 ene-21-carboxylic acid, γ-lactone]
at 195 nmb (C24H30O3 366.49)■1S (USP34)

17-Keto drospirenone 0.77 1.2 0.10
at 245 nmc

Drospirenone at 245 1.00 — — BRIEFINGand 195 nm
Drospirenone 6-ene at 1.04 0.30 0.10
245 nmd

Entacapone.  Because there is no existing USP monograph for
Drospirenone related 1.11 1.0 0.10 this drug substance, a new monograph is being proposed. The
compound A at 245 liquid chromatographic procedure used in the test for Organic
nme

Impurities and in the Assay is based on analyses performed with
6,7-Desmethylene dro- 1.18 2.2 0.10 the XTerra Phenyl brand of L11 column. The typical retention
spirenone at 245 nmf time for entacapone is about 17 min.

15-Methyl drospire- 1.34 0.99 0.10
none at 245 nmg

7-Chloromethyl drospi- 1.38 1.6 0.10 (MD-PP: R. Ravichandran,  M. Puderbaugh.) RTS—C65843
renone at 245 nmh

7-Chloromethyl 17- 1.51 1.9 0.10
epidrospirenone at
245 nmi

7-Hydroxymethyl 1.55 1.4 0.10 Add the following:
3,5(6)-diene drospire-
none at 245 nmj

 Any unspecified impu- — 1.0 0.10 ■Entacapone
rity at 245 nm

a 17-Hydroxy-7β-hydroxymethyl-15β,16β-methylene-3-oxo-17α-pregn-4-
ene-21-carboxylic acid, γ-lactone.

b 5β,17β-Dihydroxy-6β,7β:15β,16β-dimethylene-17α-pregnan-21-carboxylic ac-
id, γ-lactone.

c 6β,7β:15β,16β-Dimethyleneandrost-4-ene-3,17-dione.
d 17-Hydroxy-15β,16β-methylene-3-oxo-17α-pregn-4,6-diene-21-carboxylic
acid, γ-lactone.

C14H15N3O5 305.29e 17-Hydroxy-6β,7β:15β,16β-dimethylene-3-oxo-17β-pregn-4-ene-21-carboxylic
(E)-α-Cyano-N,N-diethyl-3,4-dihydroxy-5-nitrocinnamamide;acid, γ-lactone; 17-epidrospirenone.
2-Propenamide, 2-cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-f 17-Hydroxy-15β,16β-methylene-3-oxo-17α-pregn-4-ene-21-carboxylic acid,

diethyl-,(E)- [130929-57-6].γ-lactone.
g 17-Hydroxy-15β-methyl-6β,7β-methylene-3-oxo-17α-pregn-4-ene-21-carbox- DEFINITION
ylic acid, γ-lactone. Entacapone contains NLT 98.0% and NMT 102.0% of

h 17-Hydroxy-7β-chloromethyl-15β,16β-methylene-3-oxo-17α-pregn-4-ene-21- C14H15N3O5, calculated on the dried basis.
carboxylic acid, γ-lactone.

i 17-Hydroxy-7β-chloromethyl-15β,16β-methylene-3-oxo-17β-pregn-4-ene-21- IDENTIFICATION
carboxylic acid, γ-lactone. • A. INFRARED ABSORPTION 〈197K〉
j 17-Hydroxy-7β-hydroxymethyl-15β,16β-methylene-17α-pregn-3,5(6)- • B.  The retention time of the major peak of the Sample solu-
diene-21-carboxylic acid, γ-lactone. tion corresponds to that of the Standard solution, as obtained
 in the Assay.

■1S (USP34) ASSAY
• PROCEDURESPECIFIC TESTS

Buffer:  2.34 g/L of monobasic sodium phosphate dihydrate.
Adjust with phosphoric acid to a pH of 2.1.

Change to read: Diluent:  Methanol and tetrahydrofuran (7:3)
Mobile phase:  Methanol, tetrahydrofuran, and Buffer
(22:1:27)

• OPTICAL ROTATION, Specific Rotation 〈781S〉:  −186° to −196° System suitability solution:  1 µg/mL each of USP Enta-
■−187° to −193°■1S (USP34) on the anhydrous and solvent-free capone Related Compound A RS and USP Entacapone RS in
basis Diluent

Sample solution:  10 mg/mL in methanol Standard solution:  0.1 mg/mL of USP Entacapone RS in
• MELTING RANGE OR TEMPERATURE, Class 1 〈741〉:  198°–203° Diluent

[NOTE—Dry over silica gel for not less than 24 h prior to Sample solution:  0.1 mg/mL of Entacapone in Diluent
testing.] Chromatographic system

• WATER DETERMINATION, Method I 〈921〉:  NMT 0.2% (See Chromatography 〈621〉, System Suitability.)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers, and

store at controlled room temperature.
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Mode:  LC Impurity Table 1
Detector:  UV 300 nm

Relative AcceptanceColumn:  4.6-mm × 25-cm; 5–µm packing L11
 Retention  Criteria,Flow rate:  1 mL/min

Name  Time NMT (%)Injection size:  10 µL
Entacapone RelatedSystem suitability 0.8 0.1
Compound AaSamples:  System suitability solution and Standard solution

[NOTE—The relative retention times for entacapone related Entacapone 1.0 —
compound A and entacapone are 0.8 and 1.0, respectively.] Any other unknown

— 0.10Suitability requirements individual impurity
Resolution:  NLT 2.0 between entacapone related com- Total impurities — 0.2
pound A and entacapone, System suitability solution

a(Z)-2-Cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-diethylacrylamide.Tailing factor:  NMT 2.0, Standard solution
 Relative standard deviation:  NMT 1.0%, Standard

solution SPECIFIC TESTS
Analysis • LOSS ON DRYING 〈731〉
Samples:   Standard solution and Sample solution Analysis:  Dry 1.0 g of the sample in vacuum at a pressure not
Calculate the percentage of C14H15N3O5 in the portion of En- exceeding 49 mm of mercury at 65° to constant weight.
tacapone taken: Acceptance criteria:  NMT 0.5%

Result = (rU/rS) × (CS/CU) × 100 ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers, and

rU = peak response from the Sample solution store at room temperature.
rS = peak response from the Standard solution • USP REFERENCE STANDARDS 〈11〉
CS = concentration of USP Entacapone RS in the Stan- USP Entacapone RS

dard solution (mg/mL) USP Entacapone Related Compound A RS
CU = concentration of entacapone in the Sample solu- [(Z)-2-Cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-

tion (mg/mL) diethylacrylamide]
Acceptance criteria:  98.0%–102.0% on the dried basis (C14H15N3O5 305.29)■1S (USP34)

IMPURITIES
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% BRIEFING
• HEAVY METALS 〈231〉:   NMT 10 ppm
Organic Impurities
• PROCEDURE Fentanyl Transdermal System.  Because there is no existingBuffer, Diluent, and Mobile phase:  Proceed as directed in USP monograph for this drug product, a new monograph, basedthe Assay. on validated methods, is being proposed. The liquid chromato-Standard solution:  Use the System suitability solution pre- graphic procedure in the test for Organic Impurities, Procedure 1pared as directed in the Assay. is based on analyses performed with a Zorbax CN brand of L10Sample solution:  1.0 mg/mL of Entacapone in Diluent column. The typical retention time for fentanyl is about 9.2 min.Chromatographic system:  Prepare as directed in the Assay. The liquid chromatographic procedure in the test for OrganicRun time:  2 times the retention time of the entacapone Impurities, Procedure 2 is based on analyses performed with apeak Symmetry Shield RP8 brand of L7. The liquid chromatographicSystem suitability procedures for Drug Release, Test 1 and the Assay are based onSample:  Standard solution analyses performed with a Microsorb C18 brand of L1 column.Suitability requirements The typical retention time for fentanyl is about 3.5 min. TheResolution:  NLT 2.0 between entacapone related com- liquid chromatographic procedure for Drug Release, Test 2 waspound A and entacapone validated using an Inertsil C8 brand of L7 column. The typicalRelative standard deviation:  NMT 10.0% based on the retention time for fentanyl is about 8 min. The liquid chromato-entacapone peak graphic procedure in the test for Alcohol Content is based onAnalysis analyses performed with a Microsorb C18 brand of L1 column.Samples:  Standard solution and Sample solution The typical retention time for alcohol is about 2.7 min.Calculate the percentage of any individual impurity in the

portion of Entacapone taken:

Result = (rU/rS) × (CS/CU) × 100 (MD-CCA: C. Anthony. BPC: M. Marques.) RTS—C53775;
C58855

rU = peak response of any impurity from the Sample
solution

rS = peak response of entacapone from the Standard
solution

CS = concentration of USP Entacapone RS in the Stan- Add the following:dard solution (mg/mL)
CU = concentration of entacapone in the Sample solu-

tion (mg/mL) ■Fentanyl Transdermal SystemAcceptance criteria
Individual impurities:  See Impurity Table 1.

DEFINITIONTotal impurities:  NMT 0.2%
 Fentanyl Transdermal System contains NLT 87.5% and NMT[NOTE—Do not include entacapone related compound A in

112.5% of the labeled amount of fentanyl base (C22H28N2O).the calculation of total impurities.]
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IDENTIFICATION the concentration of fentanyl (C22H28N2O), in µg/mL, from
• A.  The retention time of the major peak of the Sample solu- the linear regression analysis of the standard curve. Calcu-

tion corresponds to that of the Standard solution, as obtained late the percentage of fentanyl ln the portion of the sample
in the Assay. taken:

• B. THIN-LAYER CHROMATOGRAPHY IDENTIFICATION TEST 〈201〉
100 × (CS × VS × DS) (Mr1/Mr2)/LSample solution:  Remove one Fentanyl Transdermal System

from its package, peel the release liner, and fold the System
CS = concentration of fentanyl from the linear regres-into thirds lengthwise with adhesive sides folded onto itself.

sion analysis (mg/mL)Cut the System and transfer the content into a suitable vial
VS = volume of the Sample solution (mL)containing about 5 mL of methanol. Shake until gel is dis-
DS = sample dilution factorpersed and add about 1 g of anhydrous sodium sulfate. Shake
Mr1 = molecular weight of fentanyl base, 336.47and let settle.
Mr2 = molecular weight of fentanyl citrate, 528.59Standard solution:  2.4 mg/mL of USP Fentanyl Citrate RS in
L = quantity of fentanyl base in the label contentmethanol

(mg)Iodoplatinate spray reagent:  Prepare a solution of 0.15%
Acceptance criteria:  87.5%–112.5%potassium chloroplatinate and 3% potassium iodide in dilute

hydrochloric acid. PERFORMANCE TESTSDeveloping solvent system:   Chloroform, methanol, and • DRUG RELEASE 〈724〉ammonium hydroxide (98:1:1) Test 1Analysis:  Proceed as directed in the chapter. Air-dry and visu- Medium:  Phosphate buffer (71 g of anhydrous sodium phos-alize by spraying the plate with iodoplatinate spray reagent. phate dibasic in 2 L of water, 17.5 mL of phosphoric acid,Acceptance criteria:  The RF value of fentanyl from the Sample diluted to 10 L with water); 250 mLsolution corresponds to that from the fentanyl in the Standard Apparatus 7:  30 cycles/min, amplitude 19. Remove the re-solution. lease liner or backing from the System. Place the System
onto a 10-cm square piece of Cuprophane such that theASSAY
contact adhesive side of the System is against the• PROCEDURE
Cuprophane membrane. Make sure there are no air pocketsMobile phase:  Acetonitrile and water (1:1) containing 0.05%
between the Cuprophane membrane and the System. Attachsodium 1-octanesulfonate, 0.1% triethylamine, and 0.1%
the Cuprophane membrane with the System to the cylinder,phosphoric acid
fixing it with Viton O-ring or nickel wire.Diluent:  0.02 N sulfuric acid

Times:  2, 12, and 24 hStandard stock solution:  0.25 mg/mL of USP Fentanyl Cit-
Sample solution:  After the indicated time, remove the ves-rate RS in Diluent
sels from the water bath, allow to cool to room temperature,Standard solutions:  Prepare serial dilutions of the Standard
and gravimetrically bring each one of them up to 250 mLstock solution in Diluent to bracket the expected drug concen-
with water.tration range.

Standard stock solution:  Transfer about 75 mg of USPSystem suitability solution:  10 µg/mL of fentanyl in Diluent
Fentanyl Citrate RS to a 500-mL volumetric flask, dissolve infrom the Standard stock solution
250 mL of acetonitrile, and dilute with 0.02 N sulfuric acid toSample solution:  Remove the protective liners from each of
volume.10 Systems, and roll the adhesive side of each System onto

Standard solutions:  Dilute appropriate aliquots of the Stan-itself. Cut the Systems into small pieces and transfer into a
dard stock solution with Medium to obtain solutions with final160-mL headspace bottle or a 75-mL test tube containing
concentrations to cover the range of the expected concentra-50.0 mL of methanol. Wipe off the cutting utensil and the
tions in the solution under test.bottleneck with high absorbent and low percentage lint paper

Mobile phase, Diluent, System suitability solution, andand add this to the bottle or tube and cap tightly. Extract at
Chromatographic system:  Proceed as directed in the70° for 8–12 h. Cool the solution to room temperature and
Assay.make dilutions with water to a concentration of 5–20 µg/mL

Analysis:  Proceed as directed in the Assay. Determine theof fentanyl.
concentration of fentanyl in the samples from the standardAlternatively, for a matrix patch System, remove the protective
curve or from linear regression analysis. Calculate the per-liners from a System and place into an extraction vessel con-
centage of the labeled amount of fentanyl released:taining tetrahydrofuran, seal the vessel with a PTFE-lined

cover and shake for 0.5 h. Use an appropiate volume of tet-
Result = (C × V)/L × 100rahydrofuran to obtain an extraction solution of approxi-

mately 0.064 mg/mL of fentanyl. Dilute the extraction solu- C = concentration of fentanyl base obtained fromtion with Mobile phase to obtain a 0.005 mg/mL fentanyl the calibration curve or linear regression analy-solution. Mix thoroughly, and filter through a PTFE mem- sis (µg/mL)brane with 0.45-µm pores. V = volume of Medium (mL)Chromatographic system L = System label claim (µg/unit)(See Chromatography 〈621〉, System Suitability.) Tolerances:  The cumulative percentage of fentanyl releasedMode:  LC to the skin at the times specified conforms to Acceptance Ta-Detector:  UV 210 nm ble 1 under Drug Release 〈724〉.Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection size:  50 µL Time Time for Sampling

Amount DissolvedSystem suitability  (h) (h)
Samples:  Standard solution and System suitability solution 0–2 2 9.2%–27.6%
Suitability requirements 2–12 12 22.2%–54.6%Tailing factor:  NMT 2.0 for the fentanyl peak, Standard

12–24 24 33.1%–77.3%solution
Relative standard deviation:  NMT 2.0% for fentanyl, Sys- Test 2tem suitability solution If the product complies with this test, the labeling indicatesAnalysis that the product meets USP Drug Release, Test 2.Samples:  Standard solutions and Sample solution Medium:  0.1 M phosphate buffer (13.8 g of sodium phos- Construct a calibration curve by plotting the peak response phate monobasic monohydrate in 1000 mL of water, adjustversus concentration of the Standard solutions. Determine to pH 3.5 with phosphoric acid): 600 mL, deaerated
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Apparatus 5:  50 rpm Time
Amount DissolvedTime:  0.5, 1, 2, and 8 h  (h)

Buffer:  3.45 g of monobasic sodium phosphate in 1000 mL 2 48%–72%
of water, adjusted with phosphoric acid to a pH of 2.3

8 NLT 85%Mobile phase:  Buffer, methanol, and acetonitrile
(550:375:75) • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

 Standard stock solution:  0.4 mg/mL of USP Fentanyl Cit-
rate RS in methanol IMPURITIES

 Standard solutions:  Dilute appropriate aliquots of the Stan- Organic Impurities
dard stock solution with Mobile phase to obtain solutions with [NOTE—If pyruvyl fentanyl, fentanyl n-oxide, or butyryl fentanyl
final concentrations to cover the range of the expected con- are potential impurities, Procedure 2 is recommended.]
centrations in the solution under test. • PROCEDURE 1

Sample solution:  Fix the System to the disk using double Mobile phase:  Acetonitrile and water (1:4) containing 0.1%
face adhesive tape with the clear release liner film facing up. sodium 1-octanesulfonate, 0.2% triethylamine, and 0.2%
At each sampling time, withdraw 2.5 mL of the solution phosphoric acid
under test. Diluent:  Acetonitrile and water (1:4)

Chromatographic system Standard stock solution:  0.1 mg/mL of USP Fentanyl Re-
(See Chromatography 〈621〉, System Suitability.) lated Compound G RS in acetonitrile, equivalent to 20% of
Mode:  LC the total volume of a suitable flask, and diluted with water to
Detector:  UV 225 nm volume
Column:  4.6 mm × 25 cm, 5-µm packing L7  Standard solutions:  Prepare serial dilutions of the Standard
Flow rate:  1.2 mL/min stock solution in Diluent to bracket the concentration range of
Injection size:  20 µL 0.5–5 µg/mL.

System suitability System suitability stock solution:  0.1 mg/mL of USP
Sample:  Standard solutions Fentanyl Related Compound G RS and USP Fentanyl Related
Suitability requirements Compound E RS each in acetonitrile, equivalent to 20% of
Tailing factor:  NMT 1.8 the total volume of a suitable flask, and diluted with water to
Relative standard deviation:  NMT 2.0% volume

Analysis: System suitability solution:  1.0 µg/mL each of USP
Calculate the dissolution rate of fentanyl by the formulae: Fentanyl Related Compound G RS and USP Fentanyl Related

Compound E RS by diluting the System suitability stock solu-
Result = Mi = (rU/rS) × CS × Vi tion with Diluent

Sample solution:  Remove the protective liners from each
System and roll the adhesive side onto itself. Cut through them1 = M1 corner of a System and transfer the drug content into a tared
test tube and weigh. Repeat with at least two Systems to
make a composite sample of about 0.5 mg/mL of fentanyl inm2 = M2 + M1 (VA/V1)
Diluent. Shake until the drug is dissolved and let it settle for 1
h.

Chromatographic systemm3 = M3 + M2(VA/V2) + M1(VA/V1)
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC

m4 = M4 + M3 (VA/V3) + M2 (VA/V2) + M1(VA/V1) Detector:  UV 210 nm
Column:  6.0-mm × 4-cm; 3-µm packing L10
Column temperature:  50°

Vi = V0 − [(i − 1) × VA] Flow rate:  1 mL/min
Injection size:  25 µL

System suitability% Drug released = (m1/L) × 100
Sample:  System suitability solution
Suitability requirementsMi = amount of fentanyl dissolved at a given time in-
Resolution:  NLT 1.5 between fentanyl related compoundterval (mg)
G and fentanyl related compound ErU = peak response from the Sample solution

Relative standard deviation:  NMT 5.0% for eachrS = peak response from the Standard solution
impurityCS = concentration of the appropriate Standard solu-

Analysistion (mg/mL)
Samples:  Standard solution and Sample solutionVi = Medium volume at a given time interval (mL)
 Construct a calibration curve by plotting the peak re-m1 = total amount of fentanyl released from the Sys-
sponses versus concentration of the Standard solution. Thetem at a given time interval (mg)
coefficient is not less than 0.995. Determine the concentra-VA = volume of the aliquot taken (mL)
tion of fentanyl related compound G in µg/mL by the lin-V0 = initial volume of Medium (mL)
ear regression analysis of the standard curve. Calculate thei = number of aliquots removed from the dissolution
percentage of each impurity present:vessel

L = System label claim (mg)
(CU/CT) × (1/F) × 100Tolerances:  The percentage of the labeled amount of

fentanyl released at the times specified conforms to Accep- CU = concentration of each impurity from linear re-tance Table 1 under Drug Release 〈724〉. gression analysis (µg/mL)
CT = concentration of fentanyl in the Sample solution

(µg/mL)Time
Amount Dissolved F = relative response factor (see Impurity Table 1) (h)

0.5 15%–35%
1 30%–50%
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Acceptance criteria Analysis
Individual impurities:  See Impurity Table 1. Samples:  Standard solution and Sample solution
Total impurities:  NMT 2.0% Calculate the percentage of fentanyl related compound E

present:
Impurity Table 1 Result = (rU/rS) × (CS/CU) × 100

Relative Relative Acceptance
rU = peak response of fentanyl related compound ERetention  Response Criteria,

from the Sample solutionName Timea  Factorb  NMT (%)
rS = peak response of fentanyl related compound EFentanyl related 0.13 0.55 0.5

from the Standard solutioncompound Bc

CS = concentration of USP Fentanyl Related Com-
 Fentanyl related 0.16 0.62 0.5 pound E RS in the Standard solution (mg/mL)
compound Cd

CU = concentration of fentanyl citrate in the Sample
 Fentanyl related 0.44 0.78 0.5 solution (mg/mL)
compound De Acceptance criteria:  See Impurity Table 2.

Fentanyl related 0.68 1.00 0.5 Calculate the percentage of any other specified and unspeci-
compound Gf fied impurity present:

Fentanyl related
Result = (rU/rS) × (CS/CU) × 100compound Eg 0.81 0.86 0.5

Fentanyl 1.0 1.0 — rU = peak response of any specified or unspecified im-
Individual unspeci- purity from the Sample solution
fied degradation — rS = peak response of fentanyl citrate from the Stan-
product 1.0 0.5 dard solution

a The relative retention time is calculated based on the fentanyl retention time. CS = concentration of USP Fentanyl Citrate RS in the
b The relative response factor is calculated based on the fentanyl related com- Standard solution (mg/mL)
pound G response. CU = concentration of fentanyl citrate in the Sample

c N-Phenylpiperidin-4-amine. solution (mg/mL)
d N-Phenyl-N-(4-piperidinyl) propanamide. Acceptance criteria:  See Impurity Table 2.
e 4-Anilino-1-benzylpiperidine.
f N-(1-Phenethyl-4-piperidyl)-acetanilide.

Impurity Table 2g 1-Phenethyl-N-phenylpiperidine-4-amine.

Relative AcceptanceProcedure 2
 Retention Criteria,Buffer:  3.45 g monobasic sodium phosphate monohydrate

Name Timea  NMT (% w/w)in 1000 mL of water and adjust with phosphoric acid to a
Fentanyl related com- 0.45 0.5pH of 2.1
pound EMobile phase:  Acetonitrile and Buffer (21:79)

Fentanyl related com- 0.58 0.5Standard stock solution:  250 µg/mL each of USP Fentanyl
pound GCitrate RS and USP Fentanyl Related Compound E RS in

methanol Pyruvyl fentanylb 0.76 —
 Standard solution:  0.6 µg/mL each of USP Fentanyl Citrate Fentanyl 1.0 —
RS and USP Fentanyl Related Compound E RS in Buffer from Fentanyl-N-oxidec 1.4 0.5the Standard stock solution

Butyryl fentanyld 1.8 0.5Sample stock solution:  1.27 mg/mL of fentanyl in dehy-
Individual unspecified deg- 0.5drated alcohol. Prepare by removing the protective liners
radation productsfrom an appropriate number of Systems, placing into an ex-

Total related compounds 2.0traction vessel containing dehydrated alcohol, sealing the
vessel with a PTFE-lined cover, and shaking for 2 h. Dilute a The relative retention is based on the retention time of fentanyl.
this solution 3 to 10 with Buffer, mix thoroughly, and filter b 2-oxo-N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]propanamide.
through a PTFE membrane with 0.45-µm pores. c N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]propanamide N-oxide.

Sample solution:  0.4 mg/mL of fentanyl from Sample stock d N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]butanamide.
solution in Buffer. Mix thoroughly, and filter through a PTFE  
membrane with 0.45-µm pores.

SPECIFIC TESTSBlank:  Dehydrated alcohol and Buffer (3:10), mix thor-
• ALCOHOL CONTENToughly, and filter through a PTFE membrane with 0.45-µm

[NOTE—Perform this test only if ethanol is a known manufac-pores.
turing process impurity.]Chromatographic system

Mobile phase:  Water adjusted with phosphoric acid to a pH(See Chromatography 〈621〉, System Suitability.)
of 3.0 ± 0.2Mode:  LC

Standard stock solution:  6 mg/mL of USP Alcohol RS inDetector:  UV 225 nm
waterColumn:  4.6-mm × 15-cm; 3.5-µm packing L7

Standard solution:  0.18–3.7 mg/mL of alcohol in water byFlow rate:  1 mL/min
serial dilution from the Standard stock solutionInjection size:  25 µL

Sample solution:  Transfer 100.0 mL of water gravimetricallySystem suitability
into a 160-mL headspace bottle. Remove the protective linersSamples:  Standard solution
from each of 10 Systems, and roll the adhesive side of eachSuitability requirements
onto itself. Cut the Systems into small pieces and transfer toTailing factor:  NMT 1.8, fentanyl and fentanyl related
the headspace bottle. Wipe off the cutting utensil and thecompound E
bottleneck with lint-free paper, add this to the bottle, and capRelative standard deviation:  NMT 10.0% for each
tightly. Extract at 50° for at least 8 h. Cool the solution toimpurity
room temperature, and filter the sample if necessary.
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Chromatographic system Add the following:
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  Refractive index detector ■Flecainide Acetate Oral Suspension
Column:  4.6 mm × 15 cm; 5-µm packing L1
Flow rate:  1.0 mL/min DEFINITION
Injection size:  100 µL Flecainide Acetate Oral Suspension contains NLT 90.0% and NMT

System suitability 110.0% of the labeled content of flecainide acetate
Sample:  Standard solution (C17H20F6N2O3 · C2H4O2). Prepare Flecainide Acetate, 20 mg/mL,
Suitability requirements Oral Suspension as follows (see Pharmaceutical Compounding—

Resolution:  NLT 1.5 between the alcohol and solvent Nonsterile Preparations 〈795〉):
peak front

Tailing factor:  NMT 2.5
Capacity factor:  NLT 1.0 Flecainide Acetate 2 g
Relative standard deviation:  NMT 2.0% Vehicle: a mixture of Vehicle for Oral Solution

Analysis (regular or sugar-free), NF, and Vehicle for Oral
Samples:  Standard solution and Sample solution Suspension, NF (1:1) A sufficient quantity
Construct a calibration curve by plotting the peak responses To make 100 mL
versus concentration of the Standard solution. Determine the
concentration of alcohol in the Sample solution in µg/mL Calculate the required quantity of each ingredient for the total
from the linear regression analysis of the standard curve. amount to be prepared. If using tablets, place the required
Calculate the alcohol content in mg/System: number in a suitable mortar and comminute to a fine powder

with a pestle, or use flecainide acetate powder. Add the Vehicle
Result = C × V in small portions and triturate to make a smooth paste. Add

increasing volumes of the Vehicle to make a flecainide acetateC = concentration of alcohol from the linear regres- liquid that is pourable. Transfer the contents of the mortar,sion analysis (mg/mL) stepwise and quantitatively, to a calibrated bottle. Add enoughV = volume of the Sample solution (mL) of the liquid Vehicle to bring to final volume, and mix well.Acceptance criteria:  See Table 3.
ASSAY
• PROCEDURETable 3

Mobile phase:  Acetonitrile and 0.06% phosphoric acid solu-
Active Drug Content Alcohol Content tion (40:60). Make adjustments if necessary (see Chromatogra-

(mg) (mg/System) phy 〈621〉, System Suitability).
1.25 22–34 Standard stock solution:  1.0 mg/mL USP Flecainide Acetate

RS in Mobile phase2.5 45–68
Standard solution:  Transfer 2 mL of Standard stock solution to5.0 90–135
a 10-mL volumetric flask, and dilute with Mobile phase to vol-7.5 135–203
ume in order to obtain a solution containing about 200

10.0 180–270 µg/mL of flecainide acetate.
Sample solution:  Agitate the container of Flecainide Acetate
Oral Suspension for 30 min on a rotating mixer, remove a 5-ADDITIONAL REQUIREMENTS
mL sample, and store in a clear glass vial at −70° until ana-• PACKAGING AND STORAGE:  Preserve in a tight, light-resistant
lyzed. At the time of analysis, remove the sample from theunit-dose pouch.
freezer, allow it to reach room temperature, and mix with a• LABELING:  When more than one Drug Release test is given, the
vortex mixer for 30 s. Pipet 1.0 mL of the sample into a 100-labeling states the test used only if Test 1 is not used.
mL volumetric flask, and dilute with Mobile phase to volume• USP REFERENCE STANDARDS 〈11〉
to obtain a solution having a nominal concentration of aboutUSP Fentanyl Citrate RS
200 µg/mL. USP Fentanyl Related Compound E RS

Chromatographic system1-phenethyl-N-phenylpiperidine-4-amine
(See Chromatography 〈621〉, System Suitability.)C19H24N2 ·  2HCl 353.33
Mode:  LC USP Fentanyl Related Compound G RS
Detector:  UV 280 nmN-(1-phenethyl-4-piperidyl)-acetanilide, acetyl fentanyl
Column:  4.6-mm × 25-cm; 5-µm packing L1C21H26N2O 322.44
Column temperature:  40°USP Alcohol RS■1S (USP34)
Flow rate:  1.0 mL/min
Injection size:  20 µL

System suitability
Sample:  Standard solutionBRIEFING
Suitability requirements

Relative standard deviation:  NMT 1.1%, for the replicate
injections of the Standard solutionFlecainide Acetate Oral Suspension.  Because there is no ex-

Analysisisting USP monograph for this dosage form, the following new
Samples:  Standard solution and Sample solutionmonograph is being proposed. The liquid chromatographic pro-
Calculate the percentage of C17H20F6N2O3 · C2H4O2 in the por-cedure for the Assay is based on analysis performed with a 4.6-
tion of Oral Suspension taken:mm × 25-cm analytical column that contains 5-µm packing L1.

Result = (rU/rS) × (CS/CU) × 100

(CRX: R. Schnatz.) RTS—C71164 rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Flecainide Acetate RS in

the Standard solution (µg/mL)
CU = concentration of flecainide acetate in the Sample

solution (µg/mL)
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Acceptance criteria:  90.0%–110.0% of the labeled amount Mode:  LC
of C17H20F6N2O3 · C2H4O2 Detector:  UV 260 nm

Column:  4.6-mm × 25-cm; 5-µm packing L1
SPECIFIC TESTS Flow rate:  1 mL/min
• PH 〈791〉:  Between 3.8 and 4.8 Injection size:  20 µL

System suitabilityADDITIONAL REQUIREMENTS Sample:  Standard solution• PACKAGING AND STORAGE:  Package in tight, light-resistant con- Suitability requirementstainers. Store at controlled room temperature or controlled Tailing factor:  NMT 1.8cold temperature. Relative standard deviation:  NMT 1%• LABELING:  Label it to indicate that it is to be well-shaken Analysisbefore use, protected from light, and to state the beyond-use Samples:  Standard solution and Sample solutiondate. Calculate the percentage of C10H13FN5O7P in the portion of• BEYOND-USE DATE:  NMT 60 days after the date on which it Injection taken:was compounded when stored at controlled room tempera-
ture or when stored at controlled cold temperature. Result = (rU/rS) × (CS/CU) × 100

• USP REFERENCE STANDARDS 〈11〉
USP Flecainide Acetate RS■1S (USP34) rU = peak response from the Sample solution

rS = peak response from the Standard solution
CS = concentration of USP Fludarabine Phosphate RS

in the Standard solution (mg/mL)
BRIEFING CU = nominal concentration of fludarabine phosphate

in the Sample solution (mg/mL)
Acceptance criteria:  95.0%–105.0%

Fludarabine Phosphate Injection,  USP 32 page 2388. On
IMPURITIESthe basis of comments received, it is proposed to delete Organic

Impurities, Procedure 1 because it is redundant. It is also pro-
posed to add a note in the test for Early-Eluting Impurities to Change to read:clarify that the 3’,5’-diphosphate and 2-ethoxyphosphate ana-
logs are process impurities and are monitored by the drug sub-
stance monograph. The procedures and the impurity table were Organic Impurities
renumbered to reflect the deletion of Procedure 1. [NOTE—Fludarabine Phosphate Injection should meet the re-

quirements of Procedure 1, Procedure 2: Early-Eluting Impurities,
and Procedure 3: Late-Eluting Impurities below.]

• PROCEDURE 1(MD-OOD: F. Mao.) RTS—75304; C75305
Solution A, Mobile phase, Sample solution, and Chromato-
graphic system:  Proceed as directed in the Assay.

Standard solution:  0.001 mg/mL of fludarabine phosphate
from the Standard solution, prepared as directed in the Assay,Fludarabine Phosphate Injection
diluted with Solution A

Quantitative limit solution:  0.08 µg/mL of fludarabineDEFINITION phosphate from Standard solution, diluted with Solution AFludarabine Phosphate Injection is a sterile solution of Fludarabine System suitability solution:  Add 3 drops of 2 N hydrochlo-Phosphate in Water for Injection. It contains NLT 95.0% and ric acid solution to 1.5 mL of the Standard solution. Mix well,NMT 105.0% of the labeled amount of fludarabine phosphate and heat at 80° for 30 min.(C10H13FN5O7P). System suitability[CAUTION—Fludarabine Phosphate is potentially cytotoxic. Great Samples:  Standard solution, Quantitative limit solution andcare should be taken to prevent inhaling particles and exposing System suitability solutionthe skin to it.] [NOTE—The relative retention time for 2-fluoroadenine is
about 1.3.]IDENTIFICATION

Suitability requirements• A. ULTRAVIOLET ABSORPTION 〈197U〉
[NOTE—The ratio of the fludarabine phosphate peak heightSolution:  27 µg/mL in 0.1 M hydrochloric acid
to the noise height is NLT 10, the noise height being• B.  The retention time of the major peak of the Sample solu-
determined by a suitable procedure.]tion corresponds to that of the Standard solution, as obtained

Resolution:  NLT 5 between the fludarabine phosphatein the Assay.
and 2-fluoroadenine peaks

Tailing factor:  NMT 1.8ASSAY
Relative standard deviation:  NMT 1.0%• PROCEDURE

AnalysisSolution A:  Dissolve 13.8 g of monobasic sodium phosphate
Samples:  Standard solution and Sample solutionmonohydrate in 2000 mL of water (50 mM). Adjust with 1.0
Measure the peak response of fludarabine phosphate fromN sodium hydroxide to a pH of 4.5 ± 0.2.
the Standard solution, and measure the responses of all theMobile phase:  Methanol and Solution A (3:47)
major peaks, excluding the fludarabine phosphate peak,Standard solution:  0.1 mg/mL of USP Fludarabine Phosphate
from the Sample solution.RS, in Solution A

Calculate the percentage of each impurity present in theSample solution:  Equivalent to 0.1 mg/mL of fludarabine
portion of Injection taken:phosphate from Injection diluted with Solution A

Chromatographic system
Result = (rU/rS) × (CS/CU) × (1/F) × 100(See Chromatography 〈621〉, System Suitability.)

rU = peak response of each individual impurity from
the Sample solution

rS = peak response of fludarabine phosphate from
the Standard solution

CS = concentration of USP Fludarabine Phosphate RS
in the Standard solution (mg/mL)
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CU = nominal concentration of fludarabine phosphate Impurity Table 2■1■1S (USP34) (continued)
in the Sample solution (mg/mL) RelativeF = relative response factor equal to the values giv-  ResponseRelative Acceptanceen in Impurity Table 1, and equal to 1.0 for  Factor Retention  Criteria,any other impurities

F1 F2Name  Time  NMT (%)Acceptance criteria
Iso-ara-guanine- 0.26 0.25 — 1.0Individual impurities:  See Impurity Table 1 below.
monophosphateTotal impurities:  NMT 2.0%

Isoguanine 0.34 0.40 — 0.2
2-fluoroadenine 1.5 — 2.0 0.2Impurity Table 1
2-fluoro-ara-adenine 1.9 — 1.7 0.2

Relative Relative Acceptance
Any individual deg- — 1.0 1.0 0.2 Retention  Response  Criteria,
radation productName  Time  Factor  NMT (%)

Iso-ara-guanine 0.28 0.45 0.4 ■[NOTE—Disregard the peak due to the 3’,5’-diphosphate
monophosphate analog that elutes at the relative retention time of about

2-Amino ana- 0.45 0.54 0.2 0.42, and the peak due to the 2-ethoxyphosphate analog
log at the relative retention time of about 2.5, as these are

Compound A 1.0 0.62 0.3 process impurities that are monitored by the drug sub-
stance monograph.]■1S (USP34)2- 1.0 1.3 0.2

• PROCEDURE 3■2:■1S (USP34) LATE-ELUTING IMPURITIESFluoroadenine
Mobile phase:  10 mM monobasic potassium phosphate andIndividual un- 1.0 — 0.3
methanol (4:1)specified im-

Standard solution, Quantitative limit solution, Sample solu-purity
tion, and Chromatographic system:  Proceed as directed in
Procedure 2■1:■1S (USP34) Early-Eluting Impurities.■

■1S (USP34)
System suitability• PROCEDURE 2■1:■1S (USP34) EARLY-ELUTING IMPURITIES

Samples:  Standard solution and Quantitative limit solutionMobile phase:  10 mM monobasic potassium phosphate and
Suitability requirementsmethanol (47:3)
Tailing factor:  NMT 2.0, Standard solutionStandard solution:  0.02 mg/mL of USP Fludarabine Phos-
Relative standard deviation:  NMT 2.0%, Standardphate RS in Mobile phase
solutionQuantitative limit solution:  0.5 µg/mL from the Standard

Signal-to-noise ratio:  NLT 10, Quantitative limit solutionsolution in Mobile phase
AnalysisSample solution:  Equivalent to 1 mg/mL of fludarabine

Samples:  Standard solution and Sample solutionphosphate from Injection diluted with Mobile phase
Calculate the percentage of each late-eluting impurity pre-System suitability solution:  1 mg/mL of fludarabine phos-
sent in the portion of Injection taken:phate in 0.1 N hydrochloric acid. Heat the solution at 80° in

a water bath for 15 min.
Result = (rU/rS) × (1/F2) × 100Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
rU = peak response of each individual impurity fromMode:  LC

the Sample solutionDetector:  UV 260 nm
rS = peak response of fludarabine phosphate fromColumn:  4.6-mm × 15-cm; 5-µm packing L1

the Sample solutionFlow rate:  1 mL/min
F2 = relative response factor equal to the values giv-Injection size:  10 µL

en in Impurity Table 2■1■1S (USP34)System suitability
Acceptance criteriaSamples:  Standard solution, Quantitative limit solution, and

Individual impurities:  See Impurity Table 2■1.■1S (USP34)System suitability solution
Total impurities:  The sum of all fludarabine phosphateSuitability requirements
degradation products found in Procedure 2■1:■1S (USP34) Early-Resolution:  NLT 2.0 between the iso-ara-guanine
Eluting Impurities and Procedure 3■2:■1S (USP34) Late-Eluting Im-monophosphate and isoguanine peaks, System suitability
purities is NMT 2.0%.solution

Relative standard deviation:  NMT 2.0%, Standard SPECIFIC TESTS
solution • BACTERIAL ENDOTOXINS TEST 〈85〉:  NMT 7.7 USP Endotoxin

Signal-to-noise ratio:  NLT 10, Quantitative limit solution Units/mg of fludarabine phosphate
Analysis • STERILITY TESTS 〈71〉:  Meets the requirements when tested as

Samples:  Standard solution and Sample solution directed under Test for Sterility of the Product to Be Examined,
Calculate the percentage of each early-eluting impurity pre- Membrane Filtration
sent in the portion of Injection taken: • PH 〈791〉:  6.0–7.1

• PARTICULATE MATTER IN INJECTIONS 〈788〉:  Meets theResult = (rU/rS) × (1/F1) × 100 requirements
• INJECTIONS 〈1〉:  Meets the requirementsrU = peak response of each individual impurity from

the Sample solution ADDITIONAL REQUIREMENTS
rS = peak response of fludarabine phosphate from • PACKAGING AND STORAGE:  Preserve in well-closed containers,

the Sample solution preferably of Type I glass, protected from light. Store in a
F1 = relative response factor equal to the values giv- refrigerator.

en in Impurity Table 2■1■1S (USP34) • USP REFERENCE STANDARDS 〈11〉
Acceptance criteria USP Fludarabine Phosphate RS

Individual impurities:  See Impurity Table 2■1■1S (USP34)

below.

Impurity Table 2■1■1S (USP34)
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BRIEFING Suitability requirements
Resolution:  NLT 1.5 between fosfomycin open ring and
fosfomycin

Peak-to-valley ratio:  NLT 1.5. [NOTE—Ratio is based onFosfomycin Tromethamine.  Because there is no existing USP
the height above the baseline due to the tromethaminemonograph for this drug substance, a new monograph is being
phosphate peak and to the height above the baseline ofproposed adopted from the official European Pharmacopoeia 6.0
the lowest point of the curve separating this peak from themonograph. The liquid chromatographic procedure in the Assay
peak due to the fosfomycin tromethamine adduct.]and in the test for Organic Impurities is based on analyses per-

Analysisformed using a Zorbax NH2 brand of L8 column. The typical
Samples:  Standard solution and Sample solutionretention time of fosfomycin is about 9 min.
Calculate the percentage of C3H7O4P · C4H11NO3 in the por-
tion of Fosfomycin Tromethamine taken:

(MD-AA: L. Santos, B. Davani.) RTS—C49307 Result = (rU/rS) × (CS/CU) × 100

rU = peak response of fosfomycin from the Sample
solution

rS = peak response of fosfomycin from the Standard
solutionAdd the following:

CS = concentration of USP Fosfomycin Tromethamine
RS in the Standard solution (mg/mL)

CU = concentration of Fosfomycin Tromethamine in■Fosfomycin Tromethamine
the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES
Inorganic Impurities
• HEAVY METALS, Method I 〈231〉:  NMT 10 ppm

Sample solution:  100 mg/mL in water
C3H7O4P · C4H11NO3 259.19 • LIMIT OF INORGANIC PHOSPHATES
Phosphonic acid, (3-methyloxiranyl)-, (2R-cis)-, compd. with 2- Solution A:  Dissolve 4 g of finely powdered ammonium mo-

amino-2-(hydroxymethyl)-1,3-propanediol (1:1); lybdate and 0.1 g of finely powdered ammonium vanadate in
(1R,2S)-(1,2-Epoxypropyl)phosphonic acid, compound with 2- 70 mL of water. Add 20 mL of nitric acid, and dilute with

amino-2-(hydroxymethyl)-1,3-propanediol (1:1) [78964-85-9]. water to 100 mL.
Standard solution:  Dissolve 7.16 mg of potassium

DEFINITION dihydrogen phosphate in 1000 mL of water (5 ppm PO4).Fosfomycin Tromethamine contains NLT 98.0% and NMT [NOTE—Prepare immediately before use.]
102.0% of C3H7O4P · C4H11NO3, calculated on the anhydrous Sample solution:  Dissolve 0.1 g of Fosfomycin
basis. Tromethamine in 3 mL of 2N nitric acid, and dilute with

water to 10 mL.IDENTIFICATION
Analysis:  In separate containers, transfer 5 mL of Standard• A. INFRARED ABSORPTION 〈197K〉
solution and 5 mL of Sample solution. Add 5 mL of water and• B.  The retention time of the fosfomycin peak of the Sample
5 mL of Solution A to both solutions, and shake vigorously.solution corresponds to that of the Standard solution, as ob-
After 5 min, any color in the Sample solution is not moretained in the Assay.
intense than the Standard solution.• C.  The retention time of the tromethamine peak of the Sam-

Acceptance criteria:  NMT 500 ppmple solution corresponds to that of the Standard solution, as
Organic Impuritiesobtained in the Assay.
• PROCEDURE

[NOTE—Prepare the solutions immediately before use.]ASSAY
Mobile phase, Sample solution, Solution A, System suitabil-• PROCEDURE
ity solution, and System suitability:  Proceed as directed in[NOTE—Prepare the solutions immediately before use.]
the Assay.Mobile phase:  10.89 g/L of potassium dihydrogen phosphate

Standard solution:  0.36 mg/mL of USP Fosfomycinin water
Tromethamine RS in Mobile phaseStandard solution:  120 mg/mL of USP Fosfomycin

Chromatographic systemTromethamine RS in Mobile phase
(See Chromatography 〈621〉, System Suitability.)Sample solution:  120 mg/mL of Fosfomycin Tromethamine
Mode:  LCin Mobile phase
Detector:  Differential refractometer at 35°Solution A:  Wet 300 mg of fosfomycin tromethamine with
Column:  4.6-mm × 25-cm; 5-µm packing L860 µL of water, and heat in an oven at 60° for 24 h. Dissolve
Flow rate:  1 mL/minthe residue, and dilute with Mobile phase to 20.0 mL.
Injection size:  10 µLSystem suitability solution:  Dissolve 600 mg of fosfomycin
Run time:  Twice the retention time of fosfomycintromethamine, and dilute with Solution A to 5.0 mL.

AnalysisChromatographic system
Samples:  Sample solution and Standard solution(See Chromatography 〈621〉, System Suitability.)

Calculate the percentage of impurities in the portion of Fos-Mode:  LC
fomycin Tromethamine taken:Detector:  Differential refractometer at 35°

Column:  4.6-mm × 25-cm; 5-µm packing L8
Result = (rU/rT) × 100Flow rate:  1 mL/min

Injection size:  5 µL
rU = peak response of any individual impurity in theRun time:  Twice the retention time of fosfomycin

Sample solutionSystem suitability
rT = peak responses of fosfomycin in the Standard so-Sample:  System suitability solution

lution[NOTE—The relative retention times are listed in Impurity Ta-
ble 1.]
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Impurity Table 1 Add the following:

Acceptance
Relative Retention Criteria, ■Hydrochlorothiazide Capsules

Name Time NMT (%)
Tromethaminea 0.30 — DEFINITION
Fosfomycin 0.48 0.3 Hydrochlorothiazide Capsules contain NLT 90.0% and NMT
tromethamine ad- 110.0% of the labeled amount of C7H8ClN3O4S2.
ductb

IDENTIFICATIONTromethamine 0.54 0.1
• A.  The retention time of the major peak of the Sample solu-phosphatec

tion corresponds to that of the Standard solution, as obtainedFosfomycin open ringd 0.88 0.3
in the Assay.Fosfomycin 1.00 —

Fosfomycin dimer 1.27 0.1 ASSAY
tromethamine ad- • PROCEDURE
ducte Buffer:  13.8 g/L of monobasic sodium phosphate

Any other individual — 0.1 Mobile phase:  Acetonitrile and Buffer (1:9). Adjust with 10%
impurity (v/v) phosphoric acid to a pH of 3.0 ± 0.1. Pass through a

0.45-µm filter.a 1,3-Propanediol, 2-amino-2-(hydroxymethyl)- ;2-Amino-2-(hydroxy-
System suitability solution:  0.15 mg/mL of each of USP Hy-methyl)-1,3-propanediol. [NOTE—Disregard two peaks due to tromethamine.]
drochlorothiazide RS and USP Chlorothiazide RS in Mobileb 2-[2-Amino-3-hydroxy-2-(hydroxymethyl)propoxy]-1-hydroxypropylphosphon-
phase. Sonicate to complete dissolution.ic acid.

Standard stock solution:  Dissolve a quantity of USP Hydro-c 2-Amino-3-hydroxy-2-(hydroxymethyl)propyl dihydrogen phosphate.
chlorothiazide RS in acetonitrile (10% of the volume of thed (1,2-Dihydroxypropyl)phosphonic acid.
flask), and dilute in Mobile phase to prepare a 0.50 mg/mLe 2-({2-[2-Amino-3-hydroxy-2-(hydroxymethyl)propoxy]-1-hydroxypropyl}
solution. Sonicate to complete dissolution.hydroxyphosphoryloxy)-1-hydroxypropylphosphonic acid.

Standard solution:  50 µg/mL solution in Mobile phase from 
the Standard stock solution. Sonicate to complete dissolution.

Acceptance criteria Sample stock solution:  0.25 mg/mL of hydrochlorothiazide
Individual impurities:  See Impurity Table 1. [NOTE—Disre- solution prepared as follows: Transfer a number of Capsules
gard any peak less than 0.05%.] into a suitable volumetric flask. Add water, 10% of the volume

Total impurities:  NMT 0.5% of the flask, and sonicate for 10 min with vigorous shaking.
Add Buffer, 20% of the volume of the flask, and again sonicateSPECIFIC TESTS for 10 min. Add acetonitrile up to 40% of the volume of the• PH 〈791〉:  3.5–5.5, in a carbon dioxide-free aqueous solution flask, and sonicate for 30 min. Dilute with Buffer to volume,containing 50 mg/mL of fosfomycin tromethamine and pass through a suitable 0.45-µm filter.• OPTICAL ROTATION, Specific Rotation 〈781S〉:  −13.5° to −12.5° Sample solution:  50 µg/mL of hydrochlorothiazide in MobileSample solution:  50 mg/mL in a carbon dioxide-free water phase from Sample stock solutionDetection:  Mercury lamp at 365 nm Chromatographic system• WATER DETERMINATION, Method Ic 〈921〉:  NMT 0.5% (See Chromatography 〈621〉, System Suitability.)
Mode:  LCADDITIONAL REQUIREMENTS
Detector:  UV 272 nm• PACKAGING AND STORAGE:  Preserve in tight containers and
Column:  4.6-mm × 25-cm; 5-µm packing L1store at controlled room temperature.
Flow rate:  2.0 mL/min• USP REFERENCE STANDARDS 〈11〉
Injection size:  20 µLUSP Fosfomycin Tromethamine RS■1S (USP34)

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

Resolution:  NLT 2.0 between chlorothiazide and hydro-BRIEFING
chlorothiazide, System suitability solution

Tailing factor:  NMT 2.0, Standard solution
Column efficiency:  NLT 4000 theoretical plates, Standard Hydrochlorothiazide Capsules.  Because there is no existing
solutionUSP monograph for this drug product, a new monograph is pro-

Relative standard deviation:  NMT 2.0%, Standardposed. The liquid chromatographic procedures in the tests for
solutionthe Assay and Organic Impurities are validated using a Waters

AnalysisSymmetry, 5-µm column of packing L1. The typical retention
Samples:  Standard solution and Sample solutiontime for hydrochlorothiazide under the conditions for the Assay
Calculate the percentage of C7H8ClN3O4S2, based on the la-and Organic Impurities is about 8 min.
bel claim, in the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100
(MD-CV: S. Ramakrishna. BPC: M. Marques.) RTS—C75103

rU = peak response of hydrochlorothiazide from the
Sample solution

rS = peak response of hydrochlorothiazide from the
Standard solution

CS = concentration of hydrochlorothiazide in the Stan-
dard solution (µg/mL)

CU = nominal concentration of hydrochlorothiazide in
the Sample solution (µg/mL)
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Acceptance criteria:  90.0%–110.0% Acceptance criteria
Individual impurities:  See Table 1.

PERFORMANCE TESTS Total impurities:  NMT 1.5%. [NOTE—Total impurities in-
• DISSOLUTION 〈711〉 clude benzothiadiazine related compound A and all un-

Medium:  0.1 N hydrochloric acid; 900 mL known degradation impurities. Disregard any peak less
Apparatus 1:  100 rpm than 0.05%.]
Time:  30 min
Standard solution:  Dissolve a quantity of USP Hydrochloro-

Table 1thiazide RS in acetonitrile (10% of the volume of the flask),
and dilute in Medium to prepare a 6.75-µg/mL solution. Soni- Relative Accep-
cate to complete dissolution.  Reten- Relative tance

Sample solution:  Pass a portion of the solution under test tion  Response Criteria,
through a suitable 0.45-µm filter. Dilute with Medium to a Name  Time Factor NMT (%)
concentration similar to the Standard solution. Benzothiadiazine related

Analytical wavelength:  UV 272 nm compound Aa 0.65 0.61 1.0
Pathlength:  1 cm

Chlorothiazide 0.80 — —a
Blank:  Medium

Hydrochlorothiazide 1 1 —Calculate the percentage of the labeled amount of hydrochlo-
5-chlorohydrochlorothia-rothiazide dissolved:
zide 2.88 — —a

Result = (AU/AS) × (CS/L) × D × V × 100 Any other individual un-
specifed degradant — 1 0.10

AU = absorbance of the Sample solution a Process related impurity. Relative retention time is given for identification.AS = absorbance of the Standard solution  CS = concentration of hydrochlorothiazide in the Stan-
dard solution (mg/mL) ADDITIONAL REQUIREMENTS

L = label claim (mg/Capsule) • PACKAGING AND STORAGE:  Preserve in well-closed containers
D = dilution for the Sample solution and store at controlled room temperature.
V = volume of Medium, 900 mL • USP REFERENCE STANDARDS 〈11〉

Tolerances:  NLT 80% (Q) of the labeled amount of hydro- USP Hydrochlorothiazide RS
chlorothiazide is dissolved. USP Chlorothiazide RS

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements [2H-1,2,4-Benzothiadiazine-7-sulfonamide, 6-chloro-, 1,1-
dioxide]

IMPURITIES (C7H6ClN3O4S2 295.72) ■1S (USP34)
Organic Impurities
• PROCEDURE

Buffer, Mobile phase, System suitability solution, and Chro-
matographic system:  Proceed as directed in the Assay. BRIEFING

Standard stock solution:  Dissolve a quantity of USP Hydro-
chlorothiazide RS in acetonitrile (10% of the volume of the
flask), and dilute in Mobile phase to prepare a 0.25-mg/mL Indinavir Sulfate,  USP 32 page 2625. The following changes
solution. are proposed:

Standard solution:  0.25 µg/mL of USP Hydrochlorothiazide 1.  Include an Identification test for the sulfate counter ion per
RS in Mobile phase Identification Tests—General 〈191〉.

Sample solution:  Use the Sample stock solution as described 2.  Eliminate the redundant, nonvalue added test for Content
in the Assay. of Sulfate. This revision is also consistent with the moderni-

Suitability requirements zation initiative as it eliminates the use of the heavy metal
Samples:  System suitability solution and Standard solution salts (lead perchlorate) from the monograph.
Resolution:  NLT 2.0 between chlorothiazide and hydro- 3.  Adjust slightly the molecular weight of indinavir used in
chlorothiazide, System suitability solution the calculation in the Assay.

Tailing factor:  NMT 2.0, Standard solution 4.  Include the chemical names of impurities in the test for
Column efficiency:  NLT 4000 theoretical plates, Standard Organic Impurities.
solution 5.  Minor editorial revisions to be more consistent with the

Relative standard deviation:  NMT 5.0%, Standard recent redesign monograph style.
solution

Analysis
Samples:  Standard solution and Sample solution

(MD-AA: B. Davani.) RTS—C79654Calculate the percentage of each impurity in the portion of
Tablets taken:

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

rU = peak response of each individual impurity from
the Sample solution

rS = peak response of hydrochlorothiazide from the
Standard solution

CU = nominal concentration of hydrochlorothiazide in
the Sample solution (µg/mL)

CS = concentration of hydrochlorothiazide in the Stan-
dard solution (µg/mL)

F = relative response factor

C36H47N5O4 · H2SO4 711.87
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D-erythro-Pentonamide, 2,3,5-trideoxy-N-(2,3-dihydro-2-hy- OTHER COMPONENTS
droxy-1H-inden-1-yl)-5-[2-[[(1,1-
dimethylethyl)amino]carbonyl]-4-(3-pyridinylmethyl)-1-piper- Delete the following:azinyl]-2-(phenylmethyl)-, [1(1S,2R),5(S)]-, sulfate (1:1) (salt);

(αR,γS,2S)-α-Benzyl-2-(tert-butylcarbamoyl)-γ-hydroxy-N-
[(1S,2R)-2-hydroxy-1-indanyl]-4-(3-pyridylmethyl)-1-piper- ■• PROCEDURE 1: CONTENT OF SULFATE
azinevaleramide sulfate (1:1) (salt) [157810-81-6]. Solution A:  Methanol and formaldehyde (1000:0.3)

Diluent:  Solution A and water (1:1)DEFINITION Sample solution:  6.25 mg/mL of Indinavir Sulfate in DiluentIndinavir Sulfate contains NLT 98.5% and NMT 101.5% of Analysis:  Titrate with 0.1 M lead perchlorate VS, using a lead-C36H47N5O4 · H2SO4, calculated on the anhydrous, solvent-free specific electrode in conjunction with a suitable reference elec-basis. trode. Each mL of 0.1 M lead perchlorate VS is equivalent to
9.604 mg of sulfate.IDENTIFICATION

Acceptance criteria:  13.2%–14.4%, calculated on the anhy-• A. INFRARED ABSORPTION 〈197M〉:  Maxima at about 3.0–3.1,
drous and solvent-free basis■1S (USP34)5.9, 6.2, and 13.6 µm

• B.  The retention time of the major peak of the Sample solu-
tion corresponds to that of the Standard solution, as obtained Change to read:
in the Assay.

• PROCEDURE 2■1■1S (USP34): CONTENT OF ALCOHOLAdd the following: Standard solution:  0.001 mL/mL■1 µg/mL■1S (USP34) of dehy-
drated alcohol, in water. [NOTE—Dehydrated alcohol is at
20°.]■• C. IDENTIFICATION TESTS—GENERAL, Sulfate 〈191〉:  Meets the

Sample solution:  4 mg/mL of Indinavir Sulfate ■inrequirements
water■1S (USP34)Sample solution:  A solution of 10 mg/mL in water■1S (USP34)

Chromatographic system
ASSAY (See Chromatography 〈621〉, System Suitability.)

Mode:  GC
Detector:  Flame ionizationChange to read: Column:  0.53-mm × 30-m capillary column with a 1.0-µm
film of phase G14

Temperature• PROCEDURE
Column:  35°Solution A:  Dibutyl ammonium phosphate and water (1:50).
Injector port:  140°Adjust with sodium hydroxide TS to a pH of 6.5 ± 0.5.
Detector:  220°[NOTE—Adjust pH while stirring.]■

■1S (USP34)
[NOTE—At the end of each 5-min isothermal run, increase theMobile phase:  Acetonitrile and Solution A (9:11)
oven temperature to 200° before adjusting the column tem-Standard solution:  0.5 mg/mL of USP Indinavir RS in Mobile
perature to 35° for the next injection.]phase

Flow rate:  10 mL/minSample solution:  0.6 mg/mL of Indinavir Sulfate in Mobile
Carrier gas:  Heliumphase
Injection size:  0.1 µLChromatographic system

System suitability(See Chromatography 〈621〉, System Suitability.)
Sample:  Standard solutionMode:  LC
Suitability requirementsDetector:  UV 260 nm

Relative standard deviation:  NMT 2.0%Column:  4.6-mm × 25-cm; 5-µm packing L7
AnalysisColumn temperature:  40°
Samples:  Standard solution and Sample solutionFlow rate:  1 mL/min
Calculate the percentage of alcohol in the portion of In-Injection size:  10 µL
dinavir Sulfate taken:System suitability

Sample:  Standard solution Result = (rU/rS) × (CS/CU) × 790■D■1S (USP34) × 100Suitability requirements
Column efficiency:  NLT 4000 theoretical plates rU = peak area from the Sample solutionTailing factor:  NMT 2.0 rS = peak area from the Standard solutionRelative standard deviation:  NMT 1.0% CS = concentration of dehydrated alcohol in the Stan-Analysis dard solution (mL/mL)Samples:  Standard solution and Sample solution CU = nominal concentration of Indinavir Sulfate in theCalculate the percentage of C36H47N5O4 · H2SO4 in the por- Sample solution (mg/mL)tion taken: 790 = density of alcohol at 20° (mg/mL)■, 790

■D■1S (USP34) mg/mL■1S (USP34)Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 Acceptance criteria:  5.0%–8.0%
rU = peak response from the Sample solution IMPURITIESrS = peak response from the Standard solution Inorganic ImpuritiesCS = concentration of USP Indinavir RS in the Stan- • RESIDUE ON IGNITION 〈281〉:  NMT 0.1%dard solution (mg/mL) • HEAVY METALS 〈231〉CU = nominal concentration of Indinavir Sulfate in the Standard solution:  Transfer 2 mL of Standard Lead SolutionSample solution (mg/mL) (10 µg/mL) to a 50-mL color-comparison tube, and diluteMr1 = molecular weight of indinavir sulfate, 711.87 with water to 25 mL. Using a pH meter or short-range pHMr2 = molecular weight of indinavir, 613.80 indicator paper as an external indicator, adjust with 1 N

■613.79■1S (USP34) acetic acid or 6 N ammonium hydroxide to a pH betweenAcceptance criteria:  98.5%–101.5% on the anhydrous, sol- 3.0 and 4.0. Dilute with water to 40 mL.vent-free basis Sample solution:  Transfer 2 g of Indinavir Sulfate to a 50-mL
color-comparison tube, and dissolve in 25 mL of water. Using
a pH meter or a suitable short-range pH indicator paper as
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an external indicator, adjust with 1 N acetic acid or 6 N am- Acceptance criteria
monium hydroxide to a pH between 3.0 and 4.0. Dilute with Individual impurities:  See Impurity Table 1.
water to 40 mL. Total impurities:  NMT 0.5%

Blank solution:  To a 50-mL color-comparison tube add 25
mL of water. Using a pH meter or a suitable short-range pH  Impurity Table 1
indicator paper as an external indicator, adjust with 1 N

Relative Acceptanceacetic acid or 6 N ammonium hydroxide to a pH between
 Retention Criteria,3.0 and 4.0. Dilute with water to 40 mL.

Name Time NMT (%)Analysis:  To each tube add 10 mL of hydrogen sulfide TS,
Indinavir related 0.18 0.1allow to stand for 5 min, and view downward over a white
compound Asurface.

Acceptance criteria:  The color of the Sample solution is not Indinavir related 0.80 0.1
darker than that of the Standard solution, and the intensity of compound B
the color of the Blank solution is less than or equal to the Indinavir related 0.98 0.1
intensity of that of the Sample solution. compound C

Indinavir related 1.14 0.1
compound DChange to read:

Indinavir related 1.30 0.1
compound E

Organic Impurities
• PROCEDURE

Solution A:  0.27 mg/mL■g/L■1S (USP34) of monobasic potas-
■Impurity Table 1sium phosphate and 1.395 mg/mL■g/L■1S (USP34) of dibasic po-

tassium phosphate, in water Relative Acceptance
Solution B:  Acetronitrile Retention Criteria,
Mobile phase:  Solution A and Solution B■See the gradient Name Time NMT (%)
table below.■1S (USP34) cis-Aminoindanola 0.18 0.1

Desnicotinyl indinavirb 0.80 0.1
Time Solution A Solution B Threo-Indinavirc 0.98 0.1
(min) (%)  (%) Indinavir lactoned 1.14 0.1

0 80 20 Diindanyl indinavire 1.30 0.1
40 30 70 a (1S,2R)-1-Aminoindan-2-ol.
45 30 70 b (S)-1-{(2S,4R)-4-Benzyl-2-hydroxy-5-[(1S,2R)-2-hydroxyindan-1-ylamino]-5-ox-
47 80 20 opentyl}-N-tert-butylpiperazine-2-carboxamide.

c (S)-1-{(2R,4R)-4-Benzyl-2-hydroxy-5-[(1S,2R)-2-hydroxyindan-1-ylamino]-5-ox-52 80 20
opentyl}-N-tert-butyl-4-(pyridin-3-ylmethyl)piperazine-2-carboxamide.

Diluent:  Solution A and Solution B (1:1) d (S)-1-{[(2S,4R)-4-Benzyl-5-oxotetrahydrofuran-2-yl]methyl}-N-tert-butyl-4-
System suitability solution:  0.4 mg/mL of USP Indinavir (pyridin-3-ylmethyl)piperazine-2-carboxamide.
System Suitability RS in Diluent e (2R,2’R,4S,4’S)-5,5’-[(S)-2-(tert-Butylcarbamoyl)piperazine-1,4-diyl]bis{2-ben-

Sample solution:  0.5 mg/mL of Indinavir Sulfate in Diluent zyl-4-hydroxy-N-[(1S,2R)-2-hydroxy-2,3-dihydro-1H-inden-1-yl]pentanamide}.
Chromatographic system

■1S (USP34)(See Chromatography 〈621〉, System Suitability.)
Mode:  LC SPECIFIC TESTSDetector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min Change to read:
Injection size:  20 µL

System suitability
• OPTICAL ROTATION, Specific Rotation 〈781S〉:  +122° to +129°,Sample:  System suitability solution

at 365 nm, determined on the anhydrous, solvent-free basisSuitability requirements
Sample solution:  10 mg/mL ■in water■1S (USP34)Resolution:  NLT 1.8 between indinavir and indinavir re-

• WATER DETERMINATION, Method I 〈921〉:  NMT 1.5%, usinglated compound C
0.25 gTailing factor:  NLT 0.95 and NMT 2.0, determined from

the indinavir peak
ADDITIONAL REQUIREMENTSAnalysis • PACKAGING AND STORAGE:  Preserve in tight containers, pro-Sample:  Sample solution

tected from moisture. Store at 25°, excursions permitted be-Calculate the percentage of each impurity in the portion of
tween 15° and 30°.Indinavir Sulfate taken: • USP REFERENCE STANDARDS 〈11〉
USP Indinavir RSResult = (rU/rT) × 100
USP Indinavir System Suitability RS

rU = peak area response for each impurity
rT = sum of the responses of all the peaks
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BRIEFING Relative standard deviation:  NMT 2.0%
Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of irbesartan (C25H28N6O) and hy-Irbesartan and Hydrochlorothiazide Tablets,  USP 32 page
drochlorothiazide (C7H8ClN3O4S2) in the portion of Tablets2688 and page 108 of PF 36(1) [Jan.–Feb. 2010]. It is proposed
taken:to revise the Dissolution test so that it is in accordance with the

test approved by FDA for this product.
Result = (RU/RS) × (CS/CU) × 100

RU = peak area of corresponding analyte from the
(BPC:  M. Marques.) RTS—C65529 Sample solution

RS = peak area of corresponding analyte from the
Standard solution

CS = concentration of appropriate USP Reference
Irbesartan and Hydrochlorothiazide Standard in the Standard solution (mg/mL)

CU = nominal concentration of appropriate analyte inTablets
the Sample solution (mg/mL)

▲Buffer:  Dissolve 1.36 g of monobasic potassium phosphateDEFINITION
in 900 mL of water, add 2 mL of triethylamine, and adjustIrbesartan and Hydrochlorothiazide Tablets contain NLT 90.0%
with phosphoric acid to a pH of 3.0. Dilute further to 1 L.and NMT 110.0% of the labeled amounts of irbesartan

Mobile phase:  Acetonitrile, methanol, and Buffer (13:20:67)(C25H28N6O) and hydrochlorothiazide (C7H8ClN3O4S2). Acidified water:  Adjust with phosphoric acid (or sodium hy-
droxide, if necessary) to a pH of 2.0 ± 0.1.IDENTIFICATION

Extraction solution:  Methanol and Acidified water (7:3)
Irbesartan standard stock solution:  Dissolve USP Irbesartan

Add the following: RS in a suitable volumetric flask in methanol (1/5 of the vol-
ume of the flask), and dilute with Extraction solution to prepare
a 0.6 mg/mL solution. Sonicate for 2 min.▲• A. INFRARED ABSORPTION 〈197K〉▲USP34 Hydrochlorothiazide standard stock solution:  Dissolve USP
Hydrochlorothiazide RS in methanol (1/20 of the volume of
the flask), and dilute with Extraction solution to prepare a 0.1Change to read:
mg/mL solution. Sonicate for 2 min.

Irbesartan related compound A standard stock solution:
▲B.▲USP34  The relative retention times of the major peaks from 0.1 mg/mL of solution in methanol. Sonicate for 2 min.
the Sample solution correspond to those of the Standard solution, Benzothiadiazine related compound A standard stock solu-
as obtained in the Assay. tion:  0.05 mg/mL of solution in methanol. Sonicate for 2

min.
ASSAY Standard solution:  0.24 mg/mL of irbesartan and 0.02

mg/mL of hydrochlorothiazide from the Irbesartan standard
stock solution and the Hydrochlorothiazide standard stock solu-Change to read:
tion in the Extraction solution

System suitability solution:   Prepare 0.05 mg/mL of USP
• PROCEDURE Irbesartan RS, 0.005 mg/mL of USP Hydrochlorothiazide RS,

Solution A:  Add 1.0 mL of triethylamine to 1000 mL of 1.0 µg/mL of USP Irbesartan Related Compound A RS, and
water, and adjust with phosphoric acid to a pH of 3.5. 3.0 µg/mL of USP Benzothiadiazine Related Compound A RS

Mobile phase:  Acetonitrile and Solution A (1:1) in the Extraction solution from the respective standard stock
Standard solution:  Transfer 25 mg of USP Hydrochlorothia- solutions
zide RS to a 100-mL volumetric flask, add 25J mg of USP Sample stock solution:   0.75 mg/mL of irbesartan from NLT
Irbesartan RS, J being the ratio of the labeled amount, in mg, 5 Tablets in a suitable volumetric flask. Add Acidified water up
of irbesartan to the labeled amount, in mg, of hydrochlorothi- to 30% of the volume of the flask and sonicate until the Tab-
azide per Irbesrtan and Hydrochlorothiazide Tablet. Dissolve in lets disintegrate. Add methanol to fill the flask up to 90% of
and dilute with Mobile phase to volume. the total volume. Sonicate for 5 min and stir. Dilute with

Sample solution:  Weigh and finely powder NLT 20 Irbesrtan methanol to volume, and pass through a 0.45-µm filter.
and Hydrochlorothiazide Tablets. Transfer a portion of powder, Sample solution:  0.225 mg/mL of Irbesartan in the Extraction
equivalent to 25 mg of hydrochlorothiazide, to a 100-mL vol- solution from the Sample stock solution. [NOTE—The hydrochlo-
umetric flask. Add 80 mL of Mobile phase, and stir on a mag- rothiazide concentration may vary depending on the ratio of
netic stir plate for 15 min. Dilute with Mobile phase to vol- irbesartan to hydrochlorothiazide in the Tablet.]
ume, and mix. Centrifuge a portion of this solution for 10 Chromatographic system
min, and use the clear supernatant. (See Chromatography 〈621〉, System Suitability.)

Chromatographic system Mode:  LC
(See Chromatography 〈621〉, System Suitability.) Detector:  UV 220 nm
Mode:  LC Column:  4.6-mm × 25-cm; 5-µm packing L10
Detector:  UV 254 nm Flow rate:  1.5 mL/min
Column:  4.6-mm×15-cm column; 5-µm packing L1 Injection volume:  10 µL
Flow rate:  1 mL/min System suitability
Injection size:  20 µL Samples:  Standard solution and System suitability solution

System suitability Suitability requirements
Sample:  Standard solution Resolution:  NLT 1.7 between irbesartan and irbesartan re-
Suitability requirements lated compound A and NLT 1.7 between hydrochlorothia-

Resolution:  NLT 2.0 between hydrochlorothiazide and zide and benzothiadiazine related compound A, System
irbesartan suitability solution

Relative standard deviation:  NMT 1.5% for both
irbesartan and hydrochlorothiazide peaks, Standard solution
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Analysis mL of Irbesartan standard stock solution, and 12.5 mL of Hy-
Samples:  Standard solution and Sample solution drochlorothiazide standard stock solution to a 100-mL volumet-
Calculate the percentage of C25H28N6O and C7H8ClN3O4S2 in ric flask. Dilute with Medium to volume.
the portion of Tablets taken: Sample solution:   Pass a portion of the solution under test

through a suitable 0.45-µm filter, discarding the first few mL.
Result = (rU/rS) × (CS/CU) × 100 Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
rU = peak area response of irbesartan or hydrochloro- Mode:  LC

thiazide from the Sample solution Detector:  UV 272 nm
rS = peak area response of irbesartan or hydrochloro- Column:  4.6-mm × 12.5-cm; 5-µm packing L10

thiazide from the Standard solution Temperature:   40°
CS = concentration of USP Irbesartan RS or USP Hy- Flow rate:  1.4 mL/min

drochlorothiazide RS in the Standard solution Injection size:  25 µL
(mg/mL) System suitability

CU = nominal concentration of irbesartan or hydro- Samples:  Standard solution and System suitability solution
chlorothiazide in the Sample solution (mg/mL) Suitability requirements

 ▲USP34 Resolution:  NLT 2.0 between irbesartan and irbesartan re-
Acceptance criteria:  90.0%–110.0% lated compound A, System suitability solution

Relative standard deviation:  NMT 2.0% for bothPERFORMANCE TESTS irbesartan and hydrochlorothiazide peaks, Standard solution
Calculate the percentage of irbesartan and hydrochlorothia-
zide dissolved:Change to read:

Result = (rU/rS) × (CS/L) × V × 100
• DISSOLUTION 〈711〉

rU = peak response of irbesartan or hydrochlorothia-Medium:  0.01 N hydrochloric acid; 900 mL■ 0.1 N hydro-
zide from the Sample solutionchloric acid; 1000 mL■1S (USP34)

rS = peak response or irbesartan or hydrochlorothia-Apparatus 2:   50 rpm
zide from the Standard solutionTime:  45 min■30 min■1S (USP34)

CS = concentration of irbesartan or hydrochlorothia-Mobile phase:  Prepare as directed in the Assay.
zide in the Standard solutionStandard solution:  USP Hydrochlorothiazide RS in Medium

L = Tablet label claim for irbesartan or hydrochloro-Sample solutions:  Sample per Dissolution 〈711〉. Dilute with
thiazide (mg)Medium to a concentration that is similar to the Standard

V = volume of Medium (mL), 1000solution.
■1S (USP34)Chromatographic system:  Proceed as directed in the Assay.

Tolerances:  NLT 75% ■80%■1S (USP34) (Q) of the labeledInjection volume:  50 µL
amounts of C25H28N6O and C7H8ClN3O4S2 are dissolved.Analysis

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirementsSamples:  Standard solution and filtered portions of the Sam-
ple solutions

IMPURITIESCalculate the quantities of C25H28N6O and C7H8ClN3O4S2 dis-
solved and similarly chromatographed.

■pH 3.0 phosphate buffer:  1.36 g/L of monobasic potassium Add the following:
phosphate in water. Adjust with 10% phosphoric acid to a pH
of 3.0 ± 0.1. This solution is stable for 3 months.

Mobile phase:   pH 3.0 phosphate buffer, methanol, and ▲Organic Impurities
acetonitrile (45:35:20) • PROCEDURE

Irbesartan standard stock solution:   Transfer 50 mg of USP Buffer, Mobile phase, Acidified water, Extraction solution,
Irbesartan RS to a 100-mL volumetric flask. Add 15 mL of Standard solution, System suitability solution, Sample so-
methanol, and sonicate for 5 min. Dilute with Medium to vol- lution, Chromatographic system, and System suitability:
ume. This solution is stable for 14 days when stored at 4°. Proceed as directed in the Assay.

Hydrochlorothiazide stock standard solution:   Transfer 20 Analysis
mg of USP Hydrochlorothiazide RS to a 200-mL volumetric Samples:  Standard solution and Sample solution
flask. Add 5 mL of methanol, and sonicate for 5 min. Dilute Calculate the percentage of irbesartan related compound A
with Medium to volume. This solution is stable for 14 days in the portion of Tablets taken:
when stored at 4°.

Result = (rU/rS) × (CS/CU) × 100Standard solution:   Prepare, on the day of use, dilutions of
Irbesartan standard stock solution and Hydrochlorothiazide stan-

rU = peak response of irbesartan related compound Adard stock solution in Medium as directed in the table below.
from the Sample solution

rS = peak response of irbesartan from the Standard
Volume of solution

Label Claim, Volume of  Hydrochloro- CS = concentration of USP Irbesartan RS in the Stan-
 Irbesartan/ Irbesartan thiazide dard solution  (mg/mL)
Hydrochloro- Standard  Standard CU = nominal concentration of irbesartan in the Sam-

thiazide  Stock Solu- Stock Solu- Final Volume ple solution (mg/mL)
(mg/Tablet) tion (mL) tion (mL) (mL) Calculate the percentage of benzothiadiazine related com-

75/12.5 15 12.5 100 pound A in the portion of Tablets taken:
150/12.5 30 12.5 100

Result = (rU/rS) × (CS/CU) × 1/F × 100300/12.5 60 12.5 100
300/25 60 25.0 100 rU = peak response of benzothiadiazine related com-

pound A from the Sample solutionSystem suitability solution:   Transfer 10 mg of USP rS = peak response of hydrochlorothiazide from theIrbesartan Related Compound A RS to a 100-mL volumetric Standard solutionflask. Add 5 mL of methanol, and sonicate to dissolve. Dilute CS = concentration of USP Hydrochlorothiazide RS inwith Medium to volume. Transfer 10.0 mL of this solution, 5.0 the Standard solution  (mg/mL)
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CU = nominal concentration of hydrochlorothiazide in IDENTIFICATION
the Sample solution (mg/mL) • The retention time of the major peak of the Sample solution

F = relative response factor. [NOTE—See Impurity Ta- corresponds to that of the Standard solution, as obtained in
ble 1.] the Assay.

Calculate the percentage of any other individual impurity in
ASSAYthe portion of Tablets taken:
• PROCEDURE

Buffer:  1.25 mg/mL of monobasic potassium phosphate andResult = (rU/rT) × 100
1.5 mg/mL of dibasic sodium phosphate in water. The result-

rU = peak response of each other impurity from the ing pH is approximately 7.0. Pass the solution through a 0.45-
Sample solution µm PTFE or equivalent filter, and degas before use.

rT = sum of the peak responses, excluding hydrochlo- Solution A:  Acetonitrile and Buffer (3:17)
rothiazide and benzothiadiazine related com- Solution B:  Use acetonitrile.
pound A, from the Sample solution Mobile phase:  See the gradient table below.

Acceptance criteria
Individual impurities:  See Impurity Table 1. Time Solution A Solution B
Total impurities:  NMT 1.5% (sum of all other unknown (min) (%) (%)
impurities, irbesartan related compound A, and

0 80 20benzothiadiazine related compound A)
10 40 60
11 80 20

Impurity Table 1
15 80 20

Relative Relative Acceptance
Stock system suitability solution:  Dissolve 12 mg of USPRetention Response Criteria,
Losartan Potassium RS in a 50-mL volumetric flask, first usingName Time Factor NMT (%)
5 mL of water, followed by 5 mL of 0.1 N hydrochloric acid.Benzothiadiazine related 0.15 1.0 0.3
Place the flask in a 105° oven for 1–2 h, and allow to cool tocompound A
room temperature. Pipet 5 mL of 0.1 N sodium hydroxide into

Hydrochlorothiazide 0.18 — — the flask, and dilute with water to volume. Adjust with either
Irbesartan related com- 0.86 1.3 1.0 0.1 N hydrochloric acid or 0.1 N sodium hydroxide to a pH of
pound A 6.0. [NOTE—The resulting solution contains the 1-H-dimer and

Irbesartan 1.00 — — 2-H-dimer, and the resulting solution may be cloudy.]
Any other individual un- — 1.0 0.1 System suitability solution:  Add 3 mL of acetonitrile to 7 mL
identified impurity of Stock system suitability solution to clear the cloudy solution,

and mix well.
▲USP34 Standard solution:  0.25 mg/mL of USP Losartan Potassium

RS in Solution A. Pass through a 0.45-µm PTFE or equivalent
ADDITIONAL REQUIREMENTS filter.• PACKAGING AND STORAGE:  Preserve in well-closed containers. Stock sample solution:  Transfer 10 Tablets to a 500-mL volu-

metric flask, add Solution A to fill the flask about 50% of the
final volume, and sonicate with intermittent shaking for 15Change to read:
min. Sonicate for an additional 10 min. Dilute with Solution A
to volume, and mix well.

• USP REFERENCE STANDARDS 〈11〉 Sample solution:  0.25 mg/mL of losartan potassium in Solu-
USP Hydrochlorothiazide RS tion A from the Stock sample solution. Mix well. Pass an aliquot
USP Irbesartan RS of the solution through a 0.45-µm PTFE filter, and use the
▲USP Irbesartan Related Compound A RS filtrate.
1-pentanoylamino-cyclopentanecarboxylic acid [2’-(1H-tetra- Chromatographic system
zol-5-yl)-biphenyl-4-ylmethyl]-amide (See Chromatography 〈621〉, System Suitability.)

(C25H30N6O2 446.54) Mode:  LC
USP Benzothiadiazine Related Compound A RS Detector:  UV 250 nm
4-Amino-6-chloro-1,3-benzenedisulfonamide Column:  3.9-mm × 15-cm column; 5-µm packing L7
(C6H8ClN3O4S2 285.73)▲USP34 Flow rate:  1.0 mL/min

Injection size:  10 µL
System suitability
Samples:  System suitability solution and Standard solution

BRIEFING Suitability requirements
Tailing factor:  NMT 2.0 for the losartan, 1-H-dimer, and
2-H-dimer peaks, System suitability solution

Resolution:  NLT 2.0 between the 1-H-dimer and 2-H-Losartan Potassium Tablets,  page 4258 of the Second Sup-
dimer, System suitability solutionplement to USP 32. It is proposed to include the cell size used to

Column efficiency:  NLT 3000 theoretical plates, Standardmeasure the absorbances of the solutions in the Dissolution test.
solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard(BPC: M. Marques.) RTS—C86197 solution

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C22H22ClKN6O in the portion ofLosartan Potassium Tablets Tablets taken:

DEFINITION Result = (rU/rS) × (CS/CU) × 100
Losartan Potassium Tablets contain NLT 95.0% and NMT 105.0%

of the labeled amount of Losartan Potassium (C22H22ClKN6O). rU = peak response of losartan from the Sample solu-
tion
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rS = peak response of losartan from the Standard so- Mode:  LC
lution Detector:  UV 230 nm

CS = concentration of USP Losartan Potassium RS in Column:  4.6-mm × 25-cm column; 10-µm packing L7
the Standard solution (mg/mL) Flow rate:  1.4 mL/min

CU = nominal concentration of losartan potassium in Injection size:  20 µL
the Sample solution (mg/mL) System suitability

Acceptance criteria:  95.0%–105.0% Sample:  Standard solution
Suitability requirements

PERFORMANCE TESTS Column efficiency:  NLT 3000 theoretical plates
Relative standard deviation:  NMT 2.0%

AnalysisChange to read:
Samples:  Standard solution and Sample solution
Calculate the percentage of C22H22ClKN6O in the portion of
Tablets taken:• DISSOLUTION 〈711〉

Medium:  Water; 900 mL, deaerated
Result = (rU/rS) × (CS/CU) × 100Apparatus 2:  50 rpm

Time:  30 min
rU = peak response of losartan from the Sample solu-Standard solution:  L/1000 mg/mL of USP Losartan Potassium

tionRS in Medium, where L is the tablet label claim, in mg
rS = peak response of losartan from the Standard so-Sample solution:  Pass a portion of the solution under test

lutionthrough a suitable 0.45-µm filter.
CS = concentration of USP Losartan Potassium RS inAnalysis:  Determine the amount of C22H22ClKN6O dissolved

the Standard solution (mg/mL)by using UV absorption at the wavelength of maximum ab-
CU = concentration of losartan in the Sample solutionsorbance at about 256 nm on portions of the Sample solution

(mg/mL)in comparison with the Standard solution, using Medium as the
Acceptance criteria:  Meet the requirementsblank. ■Use the appropriate cell size as listed in the table be-

low or make the appropriate dilution of the solutions with IMPURITIESMedium to be within the linearity range of the Organic Impuritiesspectrophotometer: • PROCEDURE
Solution A, Solution B, Mobile phase, System suitability so-
lution, and Chromatographic system:  Prepare as directedTablet Strength Cell Size
in the Assay. (mg/Tablet)  (cm)

Standard stock solution:  Use the Standard solution, pre-25 1.0
pared as directed in the Assay.50 0.5 Standard solution:  2.5 µg/mL of USP Losartan Potassium RS

100 0.2 in Solution A from the Standard stock solution
Limit of quantitation solution:  Dilute the Standard solution

■1S (USP34) in Solution A (1 in 10).Calculate the percentage of C22H22ClKN6O dissolved: Sample solution:  Use the Sample solution, prepared as di-
rected in the Assay.Result = (AU/AS) × (CS/L) × V × 100

System suitability
Samples:  System suitability solution, Standard solution, andAU = absorbance of the Sample solution
Limit of quantitation solutionAS = absorbance of the Standard solution

Suitability requirementsCS = concentration of USP Losartan Potassium RS in
Signal-to-noise ratio:  NLT 10 for the losartan peak fromthe Standard solution (mg/mL)
the first injection. If this is not met, then the Signal-to-L = Tablet label claim (mg)
noise ratio must be greater than 3 with a relative standardV = volume of Medium, 900 mL
deviation of area counts less than 25% for three replicateTolerances:  NLT 75% (Q) of the labeled amount of
injections, Limit of quantitation solution.C22H22ClKN6O is dissolved.

Tailing factor:  NMT 2.0 for the losartan, 1-H-dimer and• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
2-H-dimer peaks, System suitability solutionProcedure for content uniformity

Resolution:  NLT 2.0 between the 1-H-dimer and 2-H-Buffer:  Dissolve 1.36 mg/mL of monobasic potassium phos-
dimer, System suitability solutionphate in water. Adjust with phosphoric acid to a pH of 2.5.

Column efficiency:  NLT 3000 theoretical plates, StandardDiluent:  Dissolve 17.42 g of dibasic potassium phosphate in
solution900 mL of water. Adjust with phosphoric acid to a pH of 8.0.

Tailing factor:  NMT 2.0, Standard solutionDilute with water to a volume of 1000 mL, and mix well.
Relative standard deviation:  NMT 5.0%, StandardPrepare a dilution in water (1 in 10), and mix well.
solutionMobile phase:  Acetonitrile and Buffer (3:2)

AnalysisStandard solution:  0.05 mg/mL of USP Losartan Potassium
Samples:  Standard solution and Sample solutionRS in Diluent
[NOTE—Identify the peaks using the relative retention timesSample stock solution:  Transfer 1 Tablet to a 100-mL volu-
provided in Impurity Table 1.]metric flask, add about 65 mL of Diluent, and shake mechani-

Calculate the percentage of each impurity in the portion ofcally for 30 min. Dilute with Diluent to volume, and mix well.
Tablets taken:Sample solution:  0.05 mg/mL of losartan potassium in Dilu-

ent from the Sample stock solution. Filter an aliquot of the
Result = (rU/rS) × (CS/CU) × 100solution, and use the filtrate.

Chromatographic system rU = peak response of each individual impurity from(See Chromatography 〈621〉, System Suitability.) the Sample solution
rS = peak response of losartan from the Standard so-

lution
CS = concentration of USP Losartan Potassium RS in

the Standard solution (mg/mL)
CU = nominal concentration of losartan potassium in

the Sample solution (mg/mL)
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Acceptance criteria IDENTIFICATION
Individual impurities:  See Impurity Table 1. • A. INFRARED ABSORPTION 〈197K〉
Total impurities:  NMT 1.0%. [NOTE—The total impurities • B.  The retention time of the lumefantrine peak of the Sample
include the sum of all the specified impurities and the sum solution corresponds to that of the Standard solution, as ob-
of all the unspecified impurities that are equal to or greater tained in the Assay.
than 0.1%.]

ASSAY
• PROCEDURE

Impurity Table 1 Solution A:  5.65 g/L of sodium 1-hexanesulfonate and 2.75
Relative Acceptance g/L of monobasic sodium phosphate in water. Adjust with

 Retention  Criteria, phosphoric acid to a pH of 2.3 before dilution to final volume.
Name  Time NMT (%) Solution B:  Acetonitrile, 1-propanol, Solution A, and water

(25:5:20:50)Losartan 1.0 —
Solution C:  Acetonitrile, 1-propanol, Solution A, and water1-H-Dimera 2.4 0.5
(65:5:20:10)

2-H-Dimerb 2.9 0.5 Mobile phase:  See the gradient table below.
a 5-[4′-({2-Butyl-5-[(5-{4′-[(2-butyl-4-chloro-5-hydroxymethyl-1H-imidazol-1-
yl)methyl]biphenyl-2-yl}-1H-tetrazol-1-yl)methyl]-4-chloro-1H-imidazol-1-

Time Solution B Solution Cyl}methyl)biphenyl-2-yl]tetrazol, potassium salt.
(min) (%) (%)b 5-[4′-({2-Butyl-5-[(5-{4′-[(2-butyl-4-chloro-5-hydroxymethyl-1H-imidazol-1-

yl)methyl]biphenyl-2-yl}-2H-tetrazol-2-yl)methyl]-4-chloro-1H-imidazol-1- 0 25 75
yl}methyl)biphenyl-2-yl]tetrazol, potassium salt. 14 25 75

19 0 100ADDITIONAL REQUIREMENTS
20 0 100• PACKAGING AND STORAGE:  Store in tightly closed containers,

protected from light, at controlled room temperature. 21 25 75
• USP REFERENCE STANDARDS 〈11〉 26 25 75

USP Losartan Potassium RS
Standard solution:  0.26 mg/mL of USP Lumefantrine RS in
acetonitrile

Sample solution:  0.26 mg/mL in acetonitrile
BRIEFING System suitability solution:  0.26 mg/mL of USP Lumefan-

trine RS, 0.02 mg/mL of USP Lumefantrine Related Compound
A RS, and 0.02 mg/mL of USP Lumefantrine Related Com-

Lumefantrine.  This new monograph, which previously ap- pound B RS in acetonitrile
peared as an Authorized Non-U.S. Monograph on the USP Web- Chromatographic system
site at  http://www.usp.org/standards/international/, is now for- (See Chromatography 〈621〉, System Suitability.)
warded to In-Process Revision following the FDA approval Mode:  LC
received by the sponsor. The HPLC procedures used in the Assay Detector:  UV 265 nm
and the test for Organic Impurities, although different, are both Column:  4.0-mm × 12.5-cm; 5-µm packing L1
based on analyses performed with the Nucleosil-100 C18 (5-µm) Flow rate:  2 mL/min
brand of L1 column. The typical retention time for lumefantrine Injection size:  10 µL
in the Assay and the test for Organic Impurities is about 11–12 System suitability
min. Sample:  System suitability solution

[NOTE—The relative retention times for lumefantrine related
compound A and lumefantrine are about 0.8 and 1.0,
respectively.](MD-AA: L. Santos, B. Davani.) RTS—C78625 Suitability requirements
Resolution:  NLT 0.5 between lumefantrine and lumefan-
trine related compound A

Relative standard deviation:  NMT 1.0% for lumefantrine
Analysis

Add the following: Samples:  Standard solution and Sample solution
Calculate the percentage of C30H32Cl3NO in the portion of
Lumefantrine taken:

■Lumefantrine
Result = (rU/rS) × (CS/CU) × 100

rU = peak response of lumefantrine in the Sample so-
lution

rS = peak response of lumefantrine in the Standard
solution

CS = concentration of USP Lumefantrine RS in the
Standard solution (mg/mL)

CU = nominal concentration of Lumefantrine in the
Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0%
C30H32Cl3NO 528.94

IMPURITIES(±)-2,7-Dichloro-9-[(Z)-p-chlorobenzylidine]-α[(dibuty-
Inorganic Impuritieslamino)methyl]-fluorene-4-methanol [82186-77-4].
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
• HEAVY METALS, Method II 〈231〉:  NMT 10 ppmDEFINITION
Organic ImpuritiesLumefantrine contains NLT 98.0% and NMT 102.0% of C30H32
• PROCEDURECl3NO.

Solution A, Solution B, Solution C, Standard solution, and
Sample solution:  Proceed as directed in the Assay.
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Solution D:  1-Propanol, acetonitrile, and water (4:1:1) USP Lumefantrine Related Compound A RS
Mobile phase:  See the gradient table below. [(RS, Z)-2-(Dibutylamino)-2-(2,7-dichloro-9-(4-

chlorobenzylidene)-9H-fluoren-4-yl)ethanol]
(C30H32Cl3NO 528.94)

Time Solution B Solution C Solution D USP Lumefantrine Related Compound B RS 
(min) (%) (%) (%) Lumefantrine related compound B is a mixture of isomers A

0 25 75 0 and B.
14 25 75 0 [Isomer A is (1S,3R,5R)-1,3-bis[(EZ)-2,7-Dichloro-9-(4-

chlorobenzylidene)-9H-fluoren-4-yl]-2,6-dioxabicyclo19 0 100 0
[3.1.0]hexane.]20 0 80 20

[Isomer B is 2-((EZ)-2,7-Dichloro-9-(4-chlorobenzylidene)-9H-26 0 80 20
fluoren-4-yl)-3’-((EZ)-2,7-dichloro-9-(4-

27 0 30 70 chlorobenzylidene)-9H-fluoren-4-yl)-2,2’-bioxirane.]
50 0 30 70 (C44H24Cl6O2 797.4)■1S (USP34)
51 25 75 0
56 25 75 0

Chromatographic system BRIEFING
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 265 nm Midodrine Hydrochloride.  Because there is no existing USP
Column:  4.0-mm × 12.5-cm; 5-µm packing L1 monograph for this drug substance, a new monograph, based
Flow rate:  2 mL/min on validated methods, is being proposed. The liquid chromato-
Injection size:  20 µL graphic procedure in the Assay and in the test for Organic Impu-

System suitability rities is based on analyses performed using a Phenomenex Prod-
Sample:  System suitability solution igy ODS(3) 5-µm column of packing type L1. The typical
[NOTE—The relative retention times for lumefantrine related retention time for the Midodrine Hydrochloride peak as obtained
compound A and lumefantrine are about 0.8 and 1.0, under the specified conditions is about 7 min.
respectively.]

Suitability requirements
Resolution:  NLT 0.5 between lumefantrine and lumefan-

(MD-CV: S. Ramakrishna.) RTS—C61270trine related compound A
Relative standard deviation:  NMT 2.0% for
lumefantrine

Analysis
Sample:  Sample solution
[NOTE—Identify the impurities using the relative retention Add the following:
times specified in Impurity Table 1. Lumefantrine related
compound B is a mixture of isomers A and B.]

Calculate the percentage of each lumefantrine related com- ■Midodrine Hydrochloride
pound and any other impurity in the portion of Lumefan-
trine taken:

Result = (rU/rT) × 100

rU = peak response of the impurity in the Sample so-
lution

rT = sum of peak responses in the Sample solution C12H18N2O4 · HCl 290.74
Acceptance criteria Acetamide, 2-amino-N-[2-(2,5-dimethoxyphenyl)-2-hydroxy-

Individual impurity:  See Impurity Table 1. ethyl]-, monohydrochloride, (±);
Total impurities:  NMT 0.3% (±)-2-Amino-N-(β-hydroxy-2,5-dimethoxyphenethyl)acetamide

monohydrochloride [3092-17-9].
Impurity Table 1

DEFINITION
Relative Acceptance Midodrine Hydrochloride contains NLT 98.0% and NMT 102.0%

Retention Criteria, of midodrine hydrochloride (C12H18N2O4 · HCl), calculated on
Name Time NMT (%) the anhydrous basis.

Lumefantrine 1.0 —
IDENTIFICATION

Lumefantrine related compound B 3.7 0.1 • A. INFRARED ABSORPTION 〈197K〉
(Isomer A)a

• B.  The retention time of the major peak of the Sample solu-
Lumefantrine related compound B 4.0 0.3 tion corresponds to that of the Standard solution, as obtained
(Isomer B)b in the Assay.

Any other individual impurity — 0.10 • C. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  A 10
mg/mL solution of Midodrine Hydrochloride in water meetsa (1S,3R,5R)-1,3-bis[(EZ)-2,7-Dichloro-9-(4-chlorobenzylidene)-9H-fluoren-4-
the requirements.yl]-2,6-dioxabicyclo[3.1.0]hexane.

b 2-((EZ)-2,7-Dichloro-9-(4-chlorobenzylidene)-9H-fluoren-4-yl)-3’-((EZ)-2,7-
ASSAYdichloro-9-(4-chlorobenzylidene)-9H-fluoren-4-yl)-2,2’-bioxirane].
• PROCEDURE[NOTE—Disregard any peak less than 0.05%.]

Buffer:  13.6 g/L of monobasic potassium phosphate. Adjust
ADDITIONAL REQUIREMENTS with phosphoric acid to a pH of 4.00 ± 0.05.
• PACKAGING AND STORAGE:  Preserve in well-closed containers. Mobile phase:  Acetonitrile and Buffer (3:22)

Store at room temperature. Standard solution:  0.05 mg/mL of USP Midodrine Hydro-
• USP REFERENCE STANDARDS 〈11〉 chloride RS in Mobile phase

USP Lumefantrine RS Sample solution:  0.05 mg/mL of Midodrine Hydrochloride in
Mobile phase
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Chromatographic system CS = concentration of USP Midodrine Hydrochloride
(See Chromatography 〈621〉, System Suitability.) RS in the Standard solution (mg/mL)
Mode:  LC CU = concentration of Midodrine Hydrochloride in the
Detector:  UV 290 nm Sample solution (mg/mL)
Column:  4.6-mm × 15-cm; 5-µm packing L1 Acceptance criteria
Flow rate:  1 mL/min Individual and Total impurities:  See Impurity Table 1.
Injection size:  20 µL

System suitability Impurity Table 1
Sample:  Standard solution
Suitability requirements Relative Acceptance

Tailing factor:  NMT 2.0 Name Retention Criteria,
Theoretical plates:  NLT 3000 Time NMT (%)
Relative standard deviation:  NMT 2.0% Midodrine related

0.8 0.1%Analysis compound Aa

Samples:  Standard solution and Sample solution Midodrine hydrochlo-
1 —Calculate the percentage of C12H18N2O4 · HCl in the portion of ride

the sample taken:
Individual unspecified

— 0.1%
impurityResult = (rU/rS) × (CS/CU) × 100

Total impurities — 0.5%
rU = response of midodrine from the Sample solution a 1-(2,5 Dimethoxyphenyl)-2-aminoethanol.
rS = response of midodrine from the Standard solution

SPECIFIC TESTSCS = concentration of USP Midodrine Hydrochloride
• WATER DETERMINATION, Method I 〈921〉:  NMT 0.5%RS in the Standard solution (mg/mL)
• PH 〈791〉:  Between 4.0 and 5.0. Use 50 mg/mL of midodrineCU = concentration of Midodrine Hydrochloride in the

hydrochloride sample.Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the anhydrous basis ADDITIONAL REQUIREMENTS

• PACKAGING AND STORAGE:  Preserve in tight containers andIMPURITIES
store at room temperature.Inorganic Impurities

• USP REFERENCE STANDARDS 〈11〉• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%. A 1-g sample is used.
USP Midodrine Hydrochloride RS• HEAVY METALS, Method II 〈231〉:  NMT 10 ppm
USP Midodrine Related Compound A RSOrganic Impurities
[1-(2,5 Dimethoxyphenyl)-2-aminoethanol]• PROCEDURE
(C10H15NO3 197.23)■1S (USP34)Buffer and Mobile phase:  Proceed as directed in the Assay.

Standard solution:  1.0 µg/mL of USP Midodrine Hydrochlo-
ride RS and 2.0 µg/mL of USP Midodrine Related Compound
A RS in Mobile phase BRIEFINGSample solution:  1.0 mg/mL of Midodrine Hydrochloride in
Mobile phase

Chromatographic system:  Proceed as directed in the Assay
Midodrine Hydrochloride Tablets.  Because there is no ex-except for the following.
isting USP monograph for this drug product, a new monographInjection size:  50 µL
is proposed based on validated methods of analysis. The pro-System suitability
posed liquid chromatographic procedure in the Assay and in theSample:  Standard solution
test for Organic Impurities is based on analysis performed with aSuitability requirements
Phenomenex prodigy ODS(3), 5-µm, 4.6-mm × 15-cm brand ofResolution:  NLT 2.0 between midodrine hydrochloride
L1 column. The typical retention times for midodrine andand midodrine hydrochloride related compound A
midodrine related compound A are about 7.5 min and aboutTailing factor:  NMT 2.0 for midodrine hydrochloride
5.6 min, respectively, under the specified conditions.Relative standard deviation:  NMT 2.0% for both

midodrine hydrochloride and midodrine related com-
pound A

Analysis (MD-CV: S. Ramakrishna. BPC: M. Marques.) RTS—C61270
Samples:  Standard solution and Sample solution

Calculate the percentage of midodrine related compound A
in the portion of Midodrine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100
Add the following:

rU = response of midodrine related compound A in
the Sample solution

■Midodrine Hydrochloride TabletsrS = response of midodrine related compound A in
the Standard solution

CS = concentration of USP Midodrine Related Com- DEFINITION
pound A RS in the Standard solution (mg/mL) Midodrine Hydrochloride tablets contain NLT 90.0% and NMT

CU = concentration of sample in the Sample solution 105.0% of the labeled amount of Midodrine Hydrochloride
(mg/mL) (C12H18N2O4 · HCl).

Calculate the percentage of any individual impurity in the
IDENTIFICATIONportion of sample taken:
• A. INFRARED ABSORPTION 〈197K〉

Sample specimen:  Weigh a quantity, from finely powderedResult = (rU/rS) × (CS/CU) × 100
Tablets (NLT 20), equivalent to 15 mg of midodrine hydro-

rU = response of each impurity in the Sample solution chloride, into a 50-mL disposable centrifuge tube. Add 20 mL
rS = response of midodrine from the Standard solu- of water, and stir for 2 min using a vortex mixer. Pass the

tion mixture through filter paper into a 50-mL beaker, and boil it
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until about 2 mL of the solution is left. Evaporate the final Mode:  LC
solution in an oven at 105° for 1 h. Detector:  UV 290 nm

• B.  The retention time of the major peak of the Sample solu- Column:  4.6-mm × 15-cm; 5-µm packing L1
tion corresponds to that of the Standard solution, as obtained Flow rate:  1.0 mL/min
in the Assay. Injection size:  50 µL

System suitability
ASSAY Sample:  Standard solution
• PROCEDURE Suitability requirements

Buffer:  13.6 g/L of monobasic potassium phosphate. Adjust Tailing factor:  NMT 2.0
with phosphoric acid to a pH of 4.00 ± 0.05. Column efficiency:  NLT 2000

Mobile phase:  Acetonitrile and Buffer (3:22) Relative standard deviation:  NMT 2.0%
Standard solution:  0.05 mg/mL of USP Midodrine Hydro- Analysis
chloride RS in Mobile phase Samples:  Standard solution and Sample solution

Sample solution:  0.05 mg/mL of midodrine hydrochloride in Calculate the percentage of midodrine hydrochloride
Mobile phase from NLT 5 Tablets (for 10-mg Tablet strength) dissolved:
or NLT 10 Tablets (for 5-mg and 2.5-mg Tablet strength). Ini-
tially add Mobile phase up to 80% of the volume of the flask. Result = (rU/rS) × (CS/L) × V × 100
Sonicate for 10 min, and stir for 15 min. Finally dilute to
volume, mix, and let it sit for 10 min. Pass through a suitable rU = peak area from the Sample solution
0.45-µm PVDF filter, and discard the first 5 mL. rS = peak area from the Standard solution

Chromatographic system CS = concentration of the Standard solution (mg/mL)
(See Chromatography 〈621〉, System Suitability.) L = Tablet label claim (mg)
Mode:  LC V = volume of Medium, 900 mL
Detector:  UV 290 nm Tolerances:  NLT 80% (Q) of the labeled amount of
Column:  4.6-mm × 15-cm; 5-µm packing L1 midrodrine hydrochloride is dissolved.
Flow rate:  1.0 mL/min • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
Injection size:  20 µL

IMPURITIESSystem suitability
Organic ImpuritiesSample:  Standard solution
• PROCEDURESuitability requirements

Buffer and Mobile phase:  Proceed as directed in the Assay.Tailing factor:  NMT 2.0
Standard stock solution 1:  25 µg/mL of USP Midodrine Hy-Column efficiency:  NLT 3000
drochloride RS in Mobile phaseRelative standard deviation:  NMT 2.0%

Standard stock solution 2:  25 µg/mL of USP Midodrine Re-Analysis
lated Compound A RS in Mobile phaseSamples:  Standard solution and Sample solution

Standard solution:  1.25 µg/mL each of USP Midodrine Hy- Calculate the percentage of C12H18N2O4 · HCl in the portion
drochloride RS and USP Midodrine Related Compound A RSof Tablets taken:
in Mobile phase from Standard stock solution 1 and Standard
stock solution 2Result = (rU/rS) × (CS/CU) × 100

Sample solution:  0.25 mg/mL in Mobile phase from NLT 5
rU = peak response from the Sample solution Tablets (for 10-mg Tablet strength) and NLT 10 Tablets (for
rS = peak response from the Standard solution 5-mg and 2.5-mg Tablet strength). Initially add Mobile phase
CS = concentration of the Standard solution (mg/mL) to about 80% of the volume of the flask. Sonicate for 10
CU = nominal concentration of the Sample solution min, stir for 15 min, and then dilute to volume. Pass through

(mg/mL) a suitable 0.45-µm PVDF filter, and discard the first 5 mL.
Acceptance criteria:  90.0%–105.0% Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
PERFORMANCE TESTS Proceed as directed in the Assay except for the Injection
• DISSOLUTION 〈711〉 volume.

Medium:  0.1 N HCl; 900 mL, deaerated Injection volume:  40 µL
Apparatus 2:  50 rpm System suitability
Time:  15 min Sample:  Standard solution
Buffer solution:  Prepare as described in the Assay. Suitability requirements
Mobile phase:  Acetonitrile and Buffer solution (3:17) [NOTE—The relative retention times for midrodrine hydro-
Standard solution:  L/900 mg/mL of USP Midodrine Hydro- chloride and midodrine related compound A are 1 and
chloride RS in Medium, where L is the tablet label claim in mg 0.83, respectively.]

Sample solution:  Pass a portion of the solution under test Tailing factor:  NMT 2.0 for the midodrine peak
through a suitable 45-µm filter. Resolution:  NLT 2.0 between midodrine hydrochloride

Chromatographic system and midodrine related compound A
(See Chromatography 〈621〉, System Suitability.) Column efficiency:  NLT 2000 for the midodrine peak

Relative standard deviation:  NMT 2.0% for the
midodrine peak

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of midodrine related compound A
in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of midodrine related compound
A from the Sample solution

rS = peak response of midodrine related compound
A from the Standard solution

CS = concentration of USP Midodrine Related Com-
pound A RS in the Standard solution (µg/mL)
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CU = nominal concentration in the Sample solution (1R, 4S, 5′S, 6R, 6′R, 8R, 13R, 20R, 24S, 10E, 14E, 16E, 22Z)-24-
(µg/mL) hydroxy-21-hydroxyimino-2-oxo-11, 13, 22-trimethyl-3, 7, 19-

Calculate the percentage of any other unknown impurity in trioxatetracyclo-[15, 6, 1,14,8,020,24] pentacosa-10, 14, 16, 22-
the portion of Tablets taken: tetraene-6-spiro-2′-(5,′6′-dimethyltetrahydropyran)

C32H45NO7 (Milbemycin A4 Oxime) 555.70Result = (rU/rS) × (CS/CU) × 100 Milbemycin B, 5-O-demethyl-28-deoxy-25-ethyl-6,28-epoxy-23-
hydroxyimino-, [6R,23S,25S(E)]-;rU = peak response of any other unknown impurity

(2αE,4E,5′S,6R,6′S,8E,11R,13R,15S,17αR,20αR,20βS)from the Sample solution
-6′-3′,4′,5′,6,6′,7,10,11,14,15,17α,20,20α,20β-tetradecahy-rS = peak response of midodrine from the Standard
dro-20β-hydroxy-5′,6′,6,8,19-pentamethylspiro[11,15-solution
methano-2H,13H,17H-furo[4,3,2-pq][2,6]benzodioxacyclooc-CS = concentration of USP Midodrine Hydrochloride
tadecin-13,2′-[2H]pyran]-17-one 20-oxime;RS in the Standard solution (µg/mL)

(1R, 4S, 5′S, 6R, 6′R, 8R, 13R, 20R, 24S, 10E, 14E, 16E, 22Z)-24-CU = nominal concentration of midodrine hydrochlo-
hydroxy-21-hydroxyimino-2-oxo-11, 13, 22-trimethyl-3, 7, 19-ride in the Sample solution (µg/mL)
trioxatetracyclo-[15, 6, 1,14,8,020,24] pentacosa-10, 14, 16, 22-Acceptance criteria
tetraene-6-spiro-2′-(6′-ethyl-5′-methyltetrahydropyran);Individual impurities:  NMT 0.5% of midodrine related

Mixture of milbemycin A3 oxime and milbemycin A4 oximecompound A; NMT 0.2% of any other individual impurity
[129496-10-2].Total impurities:  NMT 1.0%

DEFINITIONADDITIONAL REQUIREMENTS
Milbemycin Oxime is a mixture of milbemycin A4 oxime and• PACKAGING AND STORAGE:  Preserve in well-closed containers.

milbemycin A3 oxime. It contains NLT 95.0% and NMT 101.0%• USP REFERENCE STANDARDS 〈11〉
of the sum of milbemycin A4 oxime and milbemycin A3 oxime,USP Midodrine Hydrochloride RS
calculated on anhydrous basis. The ratio of milbemycin A4 ox-USP Midodrine Related Compound A RS
ime is NLT 0.80, and the ratio of milbemycin A3 oxime is NMT[1-(2,5 Dimethoxyphenyl)-2-aminoethanol]
0.20.(C10H15NO3  197.23)■1S (USP34)

IDENTIFICATION
• A. INFRARED ABSORPTION 〈197K〉
• B.  The retention time of the major peaks of the Sample solu-BRIEFING tion corresponds to that of the Standard solution, as obtained

in the Assay.

Milbemycin Oxime.  Because there is no existing USP mono- ASSAY
graph for this drug substance, a new monograph is being pro- • PROCEDURE
posed. The liquid chromatographic procedure in the test for Or- Internal standard solution:  0.25 mg/mL of nonylparaben in
ganic Impurities and the Assay is based on analyses performed acetonitrile
with a Nova Pak C18 brand of L1 column. The typical retention Mobile phase:  Acetonitrile, triethylamine, glacial acetic acid
times for milbemycin A3 oxime and milbemycin A4 oxime are 8 and water (70:0.1:0.1:30)
and 11.2 min, respectively. The typical retention time for Standard stock solution:  1 mg/mL of USP Milbemycin Ox-
nonylparaben (which is the internal standard used in the Assay) ime RS in acetonitrile
is about 5 min. Standard solution:  0.06 mg/mL of USP Milbemycin Oxime

RS and 25 µg/mL of nonylparaben in acetonitrile, from Stan-
dard stock solution and Internal standard solution

Sample stock solution:  1 mg/mL of milbemycin oxime in(VET: H. Ramanathan, E.Gonikberg.) RTS—C65737
acetonitrile

Sample solution:  0.06 mg/mL of milbemycin oxime and 25
µg/mL of nonylparaben in acetonitrile, from Sample stock solu-
tion and Internal standard solution

Chromatographic system
Add the following: (See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Detector:  UV 240 nm■Milbemycin Oxime Column:  3.9-mm × 15-cm; 4-µm packing L1
Flow rate:  1.3 mL/min. [NOTE—The flow rate can be ad-
justed as needed to achieve a recommended retention time
of nonylparaben at about 5 min.]

Injection size:  5 µL
System suitability
Sample:  Standard solution
[NOTE—The elution order is nonylparaben, milbemycin A3 ox-
ime, milbemycin A4 oxime.]

Suitability requirements
Resolution:  NLT 3.0 between milbemycin A3 oxime and
milbemycin A4 oxime

Column efficiency:  NLT 4500 theoretical plates, for
milbemycin A4 oximeC31H43NO7 (Milbemycin A3 Oxime) 541.68

AnalysisMilbemycin B, 5-O-demethyl-28-deoxy-25-methyl-6,28-epoxy-23-
Samples:  Standard solution and Sample solutionhydroxyimino-, [6R,23S,25S(E)]-;
Calculate the percentage of milbemycin A4 oxime in the por-(2αE,4E,5′S,6R,6′S,8E,11R,13R,15S,17αR,20αR,20βS)-6′-
tion of Milbemycin Oxime taken:ethyl-3′,4′,5′,6,6′,7,10,11,14,15,17α,20,20α,20β-tetradecahy-

dro-20β-hydroxy-5′,6,8,19-tetramethylspiro[11,15-
Result = (RU/RS) × [(CS × P)/CU] × 100methano-2H,13H,17H-furo[4,3,2-pq][2,6]benzodioxacyclooc-

tadecin-13,2′-[2H]pyran]-17-one 20-oxime;
RU = peak ratio of milbemycin A4 oxime to the inter-

nal standard, from the Sample solution
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RS = peak ratio of milbemycin A4 oxime to the inter- Analysis
nal standard, from the Standard solution Samples:  Standard solution and Sample solution

CS = concentration of USP Milbemycin Oxime RS in Calculate the percentage of milbemycin oxime related com-
the Standard solution (mg/mL) pounds in the portion of Milbemycin Oxime taken:

P = percentage of milbemycin A4 oxime in USP
Result = (rU/rT) × (CS/CU) × 100Milbemycin Oxime RS

CU = concentration of milbemycin oxime in the Sam-
rU = response of each individual impurity from theple solution (mg/mL)

Sample solutionCalculate the percentage of milbemycin A3 oxime in the por-
rT = sum of the responses of milbemycin A3 and A4tion of Milbemycin Oxime taken:

oxime peaks from the Standard solution
CS = concentration of USP Milbemycin Oxime RS inResult = (RU/RS) × [(CS × P)/CU] × 100

the Standard solution (mg/mL)
RU = peak ratio of milbemycin A3 oxime to the inter- CU = concentration of Milbemycin Oxime in the Sam-

nal standard, from the Sample solution ple solution (mg/mL)
RS = peak ratio of milbemycin A3 oxime to the inter- Acceptance criteria

nal standard, from the Standard solution Individual impurities:  See Impurity Table 1.
CS = concentration of USP Milbemycin Oxime RS in Total impurities:  NMT 5.0%

the Standard solution (mg/mL)
P = percentage of milbemycin A3 oxime in USP Impurity Table 1

Milbemycin Oxime RS
CU = concentration of milbemycin oxime in the Sam- Relative Acceptance

ple solution (mg/mL) Retention Criteria,
Calculate the percentage of the sum of milbemycin A4 oxime Name Time NMT (%)
and milbemycin A3 oxime in the portion of Milbemycin Ox- Milbemycin A3 oxime 1.0 —
ime taken: 11-Desmethyl milbemycin A4 ox- 1.2 0.7

imea

Result = % of milbemycin A3 oxime + % of milbemycin A4
Milbemycin A4 oxime 1.4 —oxime
Milbemycin D-oximeb 2.3 3.0

Calculate the ratio of milbemycin A3 oxime content to the sum Any other individual impurity — 0.5
of the contents of milbemycin A4 oxime and milbemycin A3 a (1R, 4S, 5′S, 6R, 6′R, 8R, 13R, 20R, 24S, 10E, 14E, 16E, 22Z)-24-hydroxy-21-
oxime in the portion of Milbemycin Oxime taken: hydroxyimino-2-oxo-13, 22-dimethyl-3, 7, 19-trioxatetracyclo-[15, 6,

1,14,8,020,24] pentacosa-10, 14, 16, 22-tetraene-6-spiro-2′-(6′-ethyl-5′-methylte-
Result = (% of milbemycin A3 oxime)/(% of milbemycin A3 trahydropyran).

oxime + % of milbemycin A4 oxime) b (1R, 4S, 5′S, 6R, 6′R, 8R, 13R, 20R, 24S, 10E, 14E, 16E, 22Z)-24-hydroxy-21-
hydroxyimino-2-oxo-11, 13, 22-trimethyl-3, 7, 19-trioxatetracyclo-[15, 6,Calculate the ratio of milbemycin A4 oxime content to the sum 1,14,8,020,24] pentacosa-10, 14, 16, 22-tetraene-6-spiro-2′-(6′-isopropyl-5′-of the contents of milbemycin A4 oxime and milbemycin A3 methyltetrahydropyran).oxime in the portion of Milbemycin Oxime taken:  

Result = (% of milbemycin A4 oxime)/(% of milbemycin A3 SPECIFIC TESTS
oxime + % of milbemycin A4 oxime) • WATER DETERMINATION, Method I 〈921〉:  NMT 2.0%

Acceptance criteria:  95.0%–101.0% on anhydrous basis ADDITIONAL REQUIREMENTS
Ratio of milbemycin A4 oxime:  NLT 0.80 • PACKAGING AND STORAGE:  Preserve in tight containers. Store at
Ratio of milbemycin A3 oxime:  NMT 0.20 room temperature.

• USP REFERENCE STANDARDS 〈11〉
IMPURITIES USP Milbemycin Oxime RS■1S (USP34)
Organic Impurities
• PROCEDURE

Mobile phase:  Proceed as directed in the Assay.
Standard solution:  0.03 mg/mL of USP Milbemycin Oxime BRIEFING
RS in acetonitrile

Sample solution:  1 mg/mL of Milbemycin Oxime in
acetonitrile Minocycline Hydrochloride,  USP 32 page 2985. On the basis

Chromatographic system of comments received, it is proposed to revise Sample solution 2
(See Chromatography 〈621〉, System Suitability.) and Sample solution 3 in the test for Organic Impurities, to be
Mode:  LC consistent with current USP style. It is proposed to delete the
Detector:  UV 240 nm system suitability requirement for Capacity factor in the Assay
Column:  3.9-mm × 15-cm; 4-µm packing L1 because this criterion is not meaningful to ensure chromato-
Flow rate:  1.3 mL/min graphic system suitability. It is also proposed to include a note
Injection size:  10 µL in the Assay concerning the stability of the solutions prepared
Run time:  At least 2.5 times the retention time of the because this precaution is applicable to all solutions used in the
milbemycin A3 oxime peak test.

System suitability
Sample:  Standard solution
Suitability requirements

(MD-ANT: H. Ramanathan, A. Wise.) RTS—C71311Resolution:  NLT 3.0 between milbemycin A3 oxime and
milbemycin A4 oxime

Column efficiency:  NLT 4500 theoretical plates, for the
milbemycin A4 oxime peak
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rS = peak response from the Standard solutionMinocycline Hydrochloride
CS = concentration of minocycline in the Standard so-

lution (µg/mL)
CU = concentration of the Sample solution (µg/mL)
■P = potency of USP Minocycline Hydrochloride RS

(µg/mg)■1S (USP34)

Acceptance criteria:  890–950 µg on the anhydrous basis

IMPURITIES
Inorganic ImpuritiesC23H27N3O7 · HCl 493.95■493.94■1S (USP34) • RESIDUE ON IGNITION 〈281〉:  NMT 0.15%2-Naphthacenecarboxamide, 4,7- • HEAVY METALS, Method II 〈231〉:  NMT 50 ppmbis(dimethylamino)-1,4,4a,5,5a,6,11,12a-

octahydro-3,10,12,12a-tetrahydroxy-1,11dioxo-, monohydro-
chloride, [4S-(4α,4aα,5aα,12aα)]-; Change to read:

4,7-Bis(dimethylamino)-1,4,4a,5,5a,6,11,12a-
octahydro-3,10,12,12a-tetrahydroxy-1,11-dioxo-2-naphthacene-

Organic Impuritiescarboxamide monohydrochloride [13614-98-7].
• PROCEDURE

DEFINITION Mobile phase and System suitability solution:  Proceed as
Minocycline Hydrochloride contains the equivalent of NLT 890 µg directed in the Assay.

and NMT 950 µg of minocycline (C23H27N3O7) per mg, calcu- [NOTE—Protect all solutions from light, store in a refrigerator,
lated on the anhydrous basis. and use within 3 h.]

Sample solution 1:  0.25 mg/mL of Minocycline
IDENTIFICATION Hydrochloride
• INFRARED ABSORPTION 〈197K〉:  Previously dried at 100° for 2 h Sample solution 2:  1.0 mL of Sample solution 1 diluted with

water to 50.0 mL■5 µg/mL of Minocycline Hydrochloride inASSAY water■1S (USP34)

Sample solution 3:  6.0 mL of Sample solution 2 diluted with
water to 10.0 mL■3 µg/mL of Minocycline Hydrochloride inChange to read:
water■1S (USP34)

Chromatographic system:  Proceed as directed in the Assay.
• PROCEDURE Run time:  2.6 times the retention time of minocycline, Sam-

■[NOTE—Protect all solutions from light, store in a refrigerator, ple solution 1
and use within 3 h.]■1S (USP34) Analysis

Mobile phase:  Dimethylformamide, tetrahydrofuran, 0.2 M Samples:  Sample solution 1, Sample solution 2, and Sample
ammonium oxalate, and 0.01 M edetate disodium (6:4:30:9). solution 3
Adjust with ammonium hydroxide to a pH of 7.2. Calculate the percentage of epiminocycline in the portion of

System suitability solution:  Dissolve 10 mg of USP Mino- Minocycline Hydrochloride taken:
cycline Hydrochloride RS in 20 mL of 0.2 M ammonium oxa-
late. Heat on a water bath at 60° for 3 h, allow to cool, and Result = (rE1/rM3) × F1 × 100
dilute with water to 25.0 mL.

rE1 = peak response for epiminocycline from SampleStandard solution:  Equivalent to 500 µg/mL of minocycline
solution 1(C23H27N3O7) from USP Minocycline Hydrochloride RS in

rM3 = peak response for minocycline from Sample solu-water. [NOTE—Use this solution within 3 h.]■
■1S (USP34)

tion 3Sample solution:  Equivalent to 500 µg/mL of minocycline
F1 = dilution factor for Sample solution 3(C23H27N3O7) from Minocycline Hydrochloride in water
Calculate the total percentage of impurities other thanChromatographic system
epiminocycline in the portion of Minocycline Hydrochlo-(See Chromatography 〈621〉, System Suitability.)
ride taken:Mode:  LC

Detector:  UV 280 nm
Result = (rT/rM2) × F2 × 100Column:  4.6-mm × 25-cm; 5-µm packing L1

Temperature:  40°
rT = sum of the responses of all impurity peaks otherFlow rate:  1.5 mL/min

than epiminocycline from Sample solution 1Injection size:  20 µL
rM2 = peak response for minocycline from Sample solu-System suitability

tion 2Samples:  System suitability solution and Standard solution
F2 = dilution factor for Sample solution 2[NOTE—The relative retention times for epiminocycline and

Acceptance criteriaminocycline are 0.7 and 1.0, respectively.]
Individual impurities:  NMT 1.2% epiminocyclineSuitability requirements
Total impurities:  NMT 2.0%Capacity factor:  5.0–11.5, Standard solution

■
■1S (USP34) SPECIFIC TESTSResolution:   NLT 4.6 between epiminocycline and mino- • CRYSTALLINITY 〈695〉:  Meets the requirementscycline, System suitability solution • PH 〈791〉:  3.5–4.5, in a solution equivalent to 10 mg/mL ofTailing factor:  0.9–2.0 for the analyte peak, Standard minocyclinesolution • WATER DETERMINATION, Method I 〈921〉:  4.3%–8.0%Relative standard deviation:  NMT 2.0%, ■Standard • STERILITY TESTS 〈71〉:  Where the label states that Minocyclinesolution■1S (USP34) Hydrochloride is sterile, it meets the requirements.Analysis • BACTERIAL ENDOTOXINS TEST 〈85〉:  Where the label states thatSamples:  Standard solution and Sample solution Minocycline Hydrochloride is sterile or must be subjected toCalculate the quantity, in µg/mg, of C23H27N3O7 in the por- further processing during the preparation of injectable dosagetion of Minocycline Hydrochloride taken: forms, it contains NMT 1.25 USP Endotoxin Units/mg of

minocycline.Result = (rU/rS) × (CS/CU) × 100■P■1S (USP34)

rU = peak response from the Sample solution
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ADDITIONAL REQUIREMENTS Diluent:  Dimethylformamide and methanol (1:1)
• PACKAGING AND STORAGE:  Preserve in tight containers, pro- System suitability stock solution:  2 mg/mL of USP Mino-

tected from light. cycline Hydrochloride RS. Heat over a steam bath for 60 min.
• LABELING:  Where it is intended for use in preparing injectable System suitability solution:  To one part of the System suita-

dosage forms, the label states that it is sterile or must be sub- bility stock solution add four parts of Mobile phase, and mix.
jected to further processing during the preparation of inject- Standard solution:  0.4 mg/mL of minocycline from USP Mi-
able dosage forms. nocycline Hydrochloride RS in Diluent. [NOTE—Use low-actinic

• USP REFERENCE STANDARDS 〈11〉 glassware.]
USP Endotoxin RS Sample solution:  Mix the contents of NLT 10 dispensing
USP Minocycline Hydrochloride RS units of Minocycline Periodontal System. Transfer an

equivalent to 10 mg of minocycline into a 25-mL volumetric
flask. Add Diluent, and sonicate for 2–5 min, or until the sam-
ple is dissolved. Dilute with Diluent to volume, and mix to

BRIEFING obtain a solution having a nominal concentration of 0.4
mg/mL of minocycline, based on the label claim. [NOTE—Use
low-actinic glassware.]

Chromatographic systemMinocycline Periodontal System,  page 4262 of the Second
(See Chromatography 〈621〉, System Suitability.)Supplement. It is proposed to add a Dissolution test to this mono-
Mode:  LCgraph. The chromatographic procedure in this test was validated
Detector:  UV 280 nmusing the Pecosphere 3CR C18 brand of packing L1 as the ana-
Guard column:  4.6-mm × 3-cm; 10-µm packing L7lytical column and the Spheri-10 RP-8 10-µm brand of packing
Column:  4.6-mm × 15-cm; 5-µm packing L7L7 as the guard column.
Flow rate:  2 mL/min
Autosampler temperature:  5°
Injection size:  10 µL(BPC:  M. Marques.) RTS—C55182 System suitability
Samples:  System suitability solution and Standard solution
[NOTE—Identify the epiminocycline and minocycline peaks by
their relative retention times, which are 0.81 and 1,
respectively.]

Add the following: Suitability requirements
Resolution:  NLT 2.0 between epiminocycline and mino-
cycline, System suitability solution

■Minocycline Periodontal System Tailing factor:  NMT 2.0 for the minocycline peak, System
suitability solution

Relative standard deviation:  NMT 2.0% for the mino-DEFINITION
cycline peak, Standard solution Minocycline Periodontal System is an extended-release formula-

Analysistion of Minocycline Hydrochloride containing the equivalent of
Samples:  Standard solution and Sample solutionNLT 90.0% and NMT 120.0% of the labeled amount of mino-
Calculate the percentage of C23H27N3O7 in the portion of thecycline (C23H27N3O7).
Minocycline Periodontal System taken:

IDENTIFICATION
Result = (rU/rS) × (CS/CU) × P × F × 100• A. ULTRAVIOLET ABSORPTION 〈197U〉

Wavelength range:  250–450 nm
rU = peak response of minocycline from the SampleStandard stock solution:  Transfer USP Minocycline Hydro-

solutionchloride RS to a suitable volumetric flask. Dissolve first in di-
rS = peak response of minocycline from the Standardmethylformamide, using about 20% of the final volume, then

solutiondilute with water to volume, and mix to obtain a solution
CS = concentration of USP Minocycline Hydrochloridehaving a known concentration of about 0.48 mg/mL of

RS in the Standard solution (mg/mL)minocycline.
CU = nominal concentration of minocycline in theStandard solution:  0.024 mg/mL of minocycline hydrochlo-

Sample solution (mg/mL)ride from Standard stock solution in water
P = potency of minocycline in USP Minocycline Hy-Sample stock solution:  Transfer an equivalent to 12 mg of

drochloride RS (µg/mg)minocycline hydrochloride to a 25-mL volumetric flask. Add
F = unit conversion factor, 0.001 mg/µg5.0 mL of dimethylformamide, and mix to dissolve. Dilute

Acceptance criteria:  90.0%–120.0%with water to volume, and filter.
Sample solution:  0.024 mg/mL of minocycline hydrochloride

PERFORMANCE TESTSfrom Sample stock solution in water
Acceptance criteria:  The Sample solution exhibits maxima at
the same wavelengths as the Standard solution, concomitantly Add the following:
measured.

• B.  The retention time of the major peak of the Sample solu-
■• DISSOLUTIONtion corresponds to that of the Standard solution, as obtained

Medium:  6.9 g/L of monobasic monohydrate sodium phos-in the Assay.
phate in water, adjusted with phosphoric acid to a pH of 4.2.

ASSAY This solution is stable for 10 days.
[NOTE—The System suitability solution, the Standard solution, and Apparatus:  Tube rotator. [NOTE—Suitable equipment is availa-
the Sample solution are to be refrigerated immediately after prep- ble as Labquake tube rotator, catalog number 400110.]
aration and during analysis, using a refrigerated autosampler.] 0.1 M Edetate disodium:  37.2 g/L of edetate disodium in
• PROCEDURE water

Mobile phase:  Dimethylformamide, 0.2 M ammonium ace- 0.2 M Ammonium oxalate:  28.4 g/L of ammonium oxalate
tate, and 0.1 M edetate disodium (25:55:20), adjusted with in water
0.4 M aqueous tetrabutylammonium hydroxide solution to a Mobile phase:  Mix 310 mL of 0.1 M Edetate disodium and
pH of 6.3 ± 0.2 500 mL of 0.2 M Ammonium oxalate, adjust with 0.4 M aque-

ous tetrabutylammonium hydroxide to a pH of 6.2, and add
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175 mL of dimethylformamide. The injector wash solution is a Tailing factor:  NMT 2.0. Inject 20 µL of System suitability
mixture of dimethylformamide and water (25:75). solution.

Standard stock solution:  0.11 mg/mL of USP Minocycline Relative standard deviation:  NMT 2.0% for the mino-
Hydrochloride RS in Medium cycline peak, Standard solution

Standard working solutions:  Dilute the Standard stock solu- Analysis:  Construct a calibration curve for each sampling in-
tion with Medium to obtain solutions with final concentrations terval by plotting concentration of the Standard working solu-
of 0.088 mg/mL, 0.0528 mg/mL, 0.0352 mg/mL, 0.022 tion versus peak area. Calculate the slopes and y-intercepts
mg/mL, and 0.0176 mg/mL. using linear regression analysis.

System suitability solution:  Transfer 10 mg of USP Mino- Calculate the release rate of minocycline:
cycline Hydrochloride RS to a 50-mL beaker. Add 5 mL of

Resulti = [(rUi − yi)/Si] × 10/( i × W × A)water and heat in a steam bath for 60 min. Add 20 mL of
Medium or Mobile phase, and mix well. Store at 5°.

i = sampling time, 4, 24, 48, 72 hSample solution:  Use borosilicate glass tubes, 25 mm outside
rUi = peak response from the Standard working solutiondiameter and 15 cm long. Close the tubes with a snap type

at time icell with Teflon prong consisting of Teflon closure and holder
yi = y-intercept of the calibration curve at samplingwhich snap together, two 25-µm stainless steel screens, two

time isilicone gaskets, and a Teflon spacer (see Figure 1). Prepare six
Si = slope of the calibration curve at sampling time itubes as follows: partially assemble a release tube and tare its
W = weight of the sample (mg)weight; dispense one dose of Minocycline Periodontal System
A = amount of minocycline in the sample (mg/mg ofinto a partially assembled release cell (see Figure 1); record the

sample) as determined in the Assaysample weight in mg; assemble the cell so the sample is en-
Tolerancesclosed between the two 25-µm screens; close the cells and

place each one of them into separate glass tubes containing
10 mL of Medium previously equilibrated at 37°; add the Time Release Rate (µg/hour)
Teflon prong, and cap the tube with Teflon faced rubber-lined (h) Average of 6 Measurements
caps; seal with Teflon tape. Place the tubes in the tube rota-

0–4 NLT 25tor. Place the tube rotator in a convection incubator that is
4–24 NLT 1.0maintained at 37°. Allow the tubes to rotate for 4 h. Remove
24–48 NLT 0.2the solution under test, and add 10 mL of Medium previously

equilibrated at 37°. Replace the tubes in the apparatus and 48–72 NLT 0.05
rotate for 20 h (24 h total). Repeat the sampling procedure

■1S (USP34)after 24 h (48 h total), and after another 24 h (72 h total).
• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirements

IMPURITIES
Organic Impurities
• PROCEDURE

Mobile phase, Diluent, System suitability solution, Sample
solution, Chromatographic system, and System suitabil-
ity:  Proceed as directed in the Assay.

Analysis
Sample:  Sample solution

Calculate the percentage of each related compound in the
portion of Minocycline Periodontal System taken:

Result = (rU/rT) × 100

rU = peak response of each impurity from the Sample
solution

rT = sum of the peak responses from the Sample solu-
tion. [NOTE—Exclude peaks eluting in the solvent

front.]
Acceptance criteria

Individual impurities:  NMT 6.0% of epiminocycline
Total impurities:  NMT 3.5%

SPECIFIC TESTS
• WATER DETERMINATION, Method I 〈921〉:  NMT 5.0%
• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED OR-

GANISMS 〈62〉:  The total aerobic microbial count does not ex-Figure 1. Sample Extraction Configuration
ceed 1000 cfu/g; and the total combined molds and yeasts

Chromatographic system count does not exceed 100 cfu/g. The product meets the re-
(See Chromatography 〈621〉, System Suitability.) quirements of the test for the absence of Escherichia coli.
Mode:  LC

ADDITIONAL REQUIREMENTSDetector:  UV 280 nm
• PACKAGING AND STORAGE:  Preserve in a tight, light-resistantGuard column:  4.6 mm × 3 cm; 10-µm packing L7

container. Store at a controlled room temperature.Column:  4.6-mm × 3.3-cm; 5-µm packing L1
• USP REFERENCE STANDARDS 〈11〉Flow rate:  1.5 mL/min

USP Minocycline Hydrochloride RS■2S (USP32)Autosampler temperature:  5°
Injection size:  20 µL for the 4 and 24 h time points; 50 µL
for the 48 and 72 h time points

Suitability requirements
Resolution:  NLT 2.0 between epiminocycline and mino-
cycline. Inject 20 µL of System suitability solution.
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BRIEFING for 30 min, gently swirling every 5 min. Add Diluent up to half
of the flask volume, and sonicate for 5 min to dissolve. Rinse
the inner wall and neck of the flask with a quantity of metha-
nol equivalent to about 0.5% of the flask volume, and diluteMorphine Sulfate Extended-Release Capsules,  USP 32
with Diluent to volume. Pass through a suitable filter, and usepage 3008 and page 565 of PF 35(3) [May–June 2009]. It is
the clear filtrate.■1.0 mg/mL of morphine sulfate from theproposed to correct the composition of the Mobile phase used in
Sample stock solution in Diluent. Pass through a suitable filter,the Dissolution test.
and use the clear filtrate.■1S (USP33)

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

(BPC: M. Marques.) RTS—C86300 Mode:  LC
Detector:  UV 245 nm
Guard column:  Packing L1
Column:  3.9-mm × 30-cm; 10-µm packing L1Morphine Sulfate Extended-Release Flow rate:  2 mL/min

Capsules Injection size:  30 µL■40 µL■1S (USP33)

System suitability
Samples:  System suitability solution and Standard solutionDEFINITION
[NOTE—The relative retention times for morphine N-oxideMorphine Sulfate Extended-Release Capsules contain NLT 90.0%
and pseudomorphine are between 1.2 and 1.4 and 2.2 andand NMT 110.0% of the labeled amount of morphine sulfate
2.8, respectively.]■

■1S (USP33)pentahydrate [(C17H19NO3)2 · H2SO4 · 5H2O].
Suitability requirements

IDENTIFICATION Resolution:  NLT 2.0 between the morphine N-oxide
• A. INFRARED ABSORPTION 〈197K〉 ■morphine related compound A■1S (USP33) and morphine sul-
• B.  The retention time of the Sample solution corresponds to fate peaks, System suitability solution

that of the Standard solution, as obtained in the Assay. Relative standard deviation:  NMT 2.0%, Standard
solution

ASSAY Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of (C17H19NO3)2 · H2SO4 · 5H2O inChange to read:
the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100• PROCEDURE
Diluent:  Water. Adjust with phosphoric acid to a pH of 3.60.

rU = peak response from the Sample solutionBuffer solution:  13.8 mg/mL of monobasic sodium
rS = peak response from the Standard solutionphosphate
CS = concentration of USP Morphine Sulfate RS in theMobile phase■Solution A:■1S (USP33)  Acetonitrile, triethylamine,

Standard solution (mg/mL)Buffer solution, and water (25:0.5:100:874.5). ■Adjust with
CU = nominal concentration of the Sample solutionphosphoric acid to a pH of 3.60.

(mg/mL)Solution B:  Acetonitrile
Acceptance criteria:  90.0%–110.0%Mobile phase:  See the gradient table below.

PERFORMANCE TESTS
Time Solution A Solution B

 (min) (%) (%) Change to read:
0 100 0

33 100 0
• DISSOLUTION 〈711〉44 85 15

pH 7.5 phosphate buffer:  6.8 mg/mL of monobasic potas-54 85 15
sium phosphate and 1.6 mg/mL of sodium hydroxide. Adjust

55 100 0 with phosphoric acid or 2 N sodium hydroxide to a pH of 7.5.
65 100 0 Medium:  Proceed as directed in the Procedure for Method B

under Apparatus 1 and Apparatus 2, Delayed-Release Dosage ■1S (USP33) Forms, observing the following exceptions. Perform Acid StageSystem suitability solution:  Prepare a solution containing 10 testing, using 500 mL of 0.1 N hydrochloric acid for 1 h, andmg/mL of USP Morphine Sulfate RS in Diluent. Mix 1.0 mL of perform Buffer Stage testing, using 500 mL of pH 7.5 phos-this solution with 2.0 mL of 30% hydrogen peroxide. Heat, phate buffer for NLT 8 h.with stirring, in a water bath at a temperature of 80° for 30 Apparatus 1:  100 rpmmin. Cool to room temperature, and dilute with Diluent to 10 Times:  1, 4, 6, and 9 hmL.■400 µg/mL of USP Morphine Sulfate RS, 10 µg/mL of Determine the amount of (C17H19NO3)2 · H2SO4 · 5H2O dis-USP Morphine Related Compound A RS, and 10 µg/mL of solved by employing the following method.USP Morphine Related Compound B RS (pseudomorphine) in Mobile phase:  Methanol, glacial acetic acid, and waterDiluent■1S (USP33) (28:1:72■280:10:720■1S (USP34)), containing 0.73 g of sodium 1-Standard solution:  1.0 mg/mL of USP Morphine Sulfate RS heptanesulfonate ■for each 1.01 L of the solventin Diluent mixture■1S (USP34)■Sample stock solution:  Transfer a weighed portion of the System suitability solution:  0.1 mg/mL each of phenol andcontents from NLT 20 Capsules, equivalent to 250 mg of mor- USP Morphine Sulfate RS in Mobile phasephine sulfate, to a 100-mL volumetric flask. Add 5 mL of Standard solution:  USP Morphine Sulfate RS in pH 7.5 phos-methanol, and mix well for 30 min with gentle swirling every phate buffer to obtain a solution having a known concentra-5 min. Add Diluent up to half of the flask volume, and soni- tion corresponding to that of the Sample solutioncate for 5 min to dissolve. Dilute with Diluent to Sample solution:  Sample per Dissolution 〈711〉volume.■1S (USP33) Chromatographic systemSample solution:  Transfer the contents of 10 Capsules to a (See Chromatography 〈621〉, System Suitability.)suitable volumetric flask to obtain a solution having a final
concentration of 1 mg/mL of morphine sulfate. Add a quan-
tity of methanol equivalent to 4.5% of the flask volume. Mix
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Mode:  LC F = relative response factor (2.1 for morphine sulfate
Detector:  UV 284 nm related compound B (pseudomorphine) and
Column:  3.9-mm × 30-cm; 10-µm packing L1 1.0 for mophine sulfate related compound A
Flow rate:  2 mL/min (morphine-N-oxide) and any unspecified im-
Injection size:  25 µL purity peak■from Impurity Table 1.■1S (USP33)

System suitability Acceptance criteria
Sample:  System suitability solution Individual impurities:  NMT 1.0%■See Impurity Table
[NOTE—The relative retention times for phenol and morphine 1.■1S (USP33)

sulfate are about 0.8 and 1.0, respectively.] Total impurities:  NMT 2.0%
Suitability requirements

Resolution:  NLT 2.0 between the phenol and morphine ■Impurity Table 1
sulfate peaks

Tailing factor:  NMT 2.0 for the morphine sulfate peak Relative Relative Acceptance
Relative standard deviation:  NMT 2.0%  Retention  Response Criteria,

Analysis Name  Time  Factor NMT (%)
Samples:  Standard solution and Sample solution Morphine related 1.4 1.0 0.5

Tolerances:  The percentage of the labeled amount of compound Aa

(C17H19NO3)2 · H2SO4 · 5H2O dissolved in 1 h conforms to Ac- Morphine sulphate 1.0 — —
ceptance Table 3. The percentages of the labeled amount of

Morphine related 2.3 2.1 0.5(C17H19NO3)2 · H2SO4 · 5H2O dissolved at the other times speci-
compound Bb

fied conform to Acceptance Table 2.
Any unspecified — — 0.2
impurity

Time Amount Dissolved
Total impurities — — 1.5

 (h)  (%)
a 7,8-Didehydro-4,5α-epoxy-17-methylmorphinan-3,6α-diol, N-oxide.

1 NMT 10
b 2,2’-Bimorphine.

4 25–50
 ■1S (USP33)6 50–90

9 NLT 85 ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements tainers, and store at controlled room temperature.

IMPURITIES
Change to read:

Change to read:

• USP REFERENCE STANDARDS 〈11〉
USP Morphine Sulfate RSOrganic Impurities
■USP Morphine Related Compound A RS• PROCEDURE
USP Morphine Related Compound B RS■1S (USP33)Diluent, Chromatographic system, Buffer solution,■

■1S (USP33)

Mobile phase, System suitability solution, Standard solu-
tion, Sample solution, and System suitability■and Sample
solution:■1S (USP33)  Proceed as directed in the Assay.

BRIEFING■Sensitivity solution:  0.5 µg/mL of USP Morphine Sulfate RS
in Diluent

System suitability
Olanzapine and Fluoxetine Capsules.  Because there is noSamples:  System suitability solution, Standard solution, and
existing USP monograph for this drug product, a new mono-Sensitivity solution
graph based on submitted data is being proposed. The isocraticSuitability requirements
liquid chromatographic procedures in the Assay and the Dissolu-Resolution:  NLT 2.0 between the morphine related com-
tion test are based on analyses performed with the Zorbax SB-pound A and morphine sulfate peaks, System suitability
C8 brand of L7 column. In the Assay, the typical retention timessolution
for olanzapine and fluoxetine are 2 min and 3 min, respectively.Sensitivity:  Morphine peak is detectable, Sensitivity
The gradient elution HPLC method in the test for Organic Impu-solution
rities is based on analyses performed with the Zorbax SB-C8Relative standard deviation:  NMT 2.0%, Standard
brand of L7 column. The typical retention times for olanzapinesolution■1S (USP33)
and fluoxetine are 8.6 min and 13.7 min, respectively.Analysis

Samples:  Inject equal volumes (about 30 µL) of
■

■1S (USP33)Diluent, Sample solution, and Sensitivity solution
[NOTE—Disregard the peaks corresponding to those of the (MD-PP: H. Ramanathan, R. Ravichandran. BPC: M. Marques.)
Diluent.] RTS—C76415

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

Result = (100/F) × ( ri/rM)

Add the following:
■Result = rU/rS × 100 × (1/F)■1S (USP33)

rU = peak response of each impurity from the Sample ■Olanzapine and Fluoxetine Capsules
solution

rS = peak response of morphine sulfate from the DEFINITION
Sample solution Olanzapine and Fluoxetine Capsules contain an amount of

olanzapine and fluoxetine hydrochloride equivalent to NLT
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90.0% and NMT 110.0% each of the labeled amount of L/1000 mg/mL each, where L is the Capsule label claim, in
olanzapine (C17H20N4S) and fluoxetine (C17H18F3NO). mg

Sample solution:   Pass a portion of the solution through a
IDENTIFICATION suitable 0.45-µm filter.
• The retention times of the major peaks in the Sample solution Buffer, Mobile phase, Chromatographic system, System suit-

correspond to those in the Standard solution, as obtained in ability and Analysis:   Proceed as directed in the Assay.
the Assay. Calculate the percentage of olanzapine dissolved:

ASSAY Result = (rU/rS) × (CS/L) × V × 100
• PROCEDURE

Buffer:  37 mg/L of disodium ethylenediaminetetraacetate in rU = peak response of olanzapine from the Sample so-
water. Add 3.3 mL of phosphoric acid, and adjust with 50% lution
sodium hydroxide to a pH of 2.5. Dissolve 8.7 g of sodium rS = peak response of olanzapine from the Standard
dodecyl sulfate in the resulting solution. solution

Mobile phase:  Acetonitrile and Buffer (1:1) CS = concentration of USP Olanzapine RS in the Stan-
Standard solution:  0.12 mg/mL of USP Olanzapine RS and dard solution (mg/mL)
0.45 mg/mL USP Fluoxetine HCl in Mobile phase L = Capsule label claim for olanzapine, mg

Sample solution:  0.06–0.18 mg/mL of olanzapine and V = volume of Medium, 900 mL
0.25-0.5 mg/mL of fluoxetine in Mobile phase from a counted Calculate the percentage of fluoxetine dissolved:
number of Capsules.

Chromatographic system Result = (rU/rS) × (CS/L) × Mr1/Mr2 × V × 100
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC rU = peak response of fluoxetine from the Sample solu-
Detector:  UV 227 nm tion
Column:  4.6-mm × 7.5-cm; 3.5-µm packing L7 rS = peak response of fluoxetine from the Standard
Column Temperature:  40° solution
Flow rate:  2 mL/min CS = concentration of USP Fluoxetine Hydrochloride
Injection size:  10 µL RS in the Standard solution (mg/mL)
Run time:  2.5 times the retention time of olanzapine L = Capsule label claim for fluoxetine, mg

System suitability Mr1 = molecular weight of fluoxetine, 309.33
Sample:  Standard solution Mr2 = molecular weight of fluoxetine hydrochloride,
Suitability requirements 345.79

Resolution:  NLT 2.0 between olanzapine and fluoxetine V = volume of Medium, 900 mL
Relative standard deviation:  NMT 2.0% for the Tolerances:  NLT 80% (Q) of the labeled amount of
olanzapine and fluoxetine peaks olanzapine and fluoxetine are dissolved.

Analysis • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
Samples:  Standard solution and Sample solution

IMPURITIESCalculate the percentage of C17H20N4S in the portion of Cap-
Organic Impuritiessules taken:
• PROCEDURE

Buffer and Mobile phase:  Proceed as directed in the Assay.Result = (rU/rS) × (CS/CU) × 100
Standard solution:  2 µg/mL of USP Olanzapine RS and 8

rU = peak response of olanzapine from the Sample so- µg/mL of USP Fluoxetine RS in Mobile phase
lution System suitability solution:  0.1 mg/mL of USP Olanzapine

rS = peak response of olanzapine from the Standard RS, 0.11 mg/mL of USP Fluoxetine Hydrochloride RS, 0.002
solution mg/mL each of α[(2-methylamino)ethyl] benzyl alcohol,

CS = concentration of USP Olanzapine RS in the Stan- trifluoro-p-cresol, USP Fluoxetine Related Compound B RS,
dard solution (mg/mL) and USP Olanzapine Related Compound B RS in Mobile phase

CU = nominal concentration of olanzapine in the Sam- Sample solution:  Transfer the sample to a suitable volumet-
ple solution (mg/mL) ric flask to obtain a concentration of 0.2 mg/mL of

Calculate the percentage of C17H18F3NO in the portion of Cap- olanzapine and 0.27–1.7 mg/mL of fluoxetine in Mobile
sules taken: phase

Chromatographic system
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 (See Chromatography 〈621〉, System Suitability.)

Mode:  LC
rU = peak response of fluoxetine from the Sample so- Detector:  UV 215 nm

lution Column:  4.6-mm × 25-cm; 5-µm packing L7
rS = peak response of fluoxetine from the Standard Flow rate:  1.5 mL/min

solution Temperature:  35°
CS = concentration of USP Fluoxetine Hydrochloride Auto sampler:  5°

RS in the Standard solution (mg/mL) Injection size:  50 µL
CU = nominal concentration of fluoxetine in the Sam- Run time:  1.5 times the retention time of fluoxetine

ple solution (mg/mL) System suitability
Mr1 = molecular weight of fluoxetine, 309.33 Sample:  Standard solution and System suitability solution
Mr2 = molecular weight of fluoxetine hydrochloride, Suitability requirements

345.79 [NOTE—Identify the peaks using Table 1.]
Acceptance criteria:  90.0%–110.0% Resolution:  NLT 1.9 between α[(2-methylamino)ethyl]

benzyl alcohol and olanzapine related compound BPERFORMANCE TESTS Tailing factor:  NMT 1.8 for olanzapine and fluoxetine• DISSOLUTION 〈711〉 AnalysisMedium:  0.1 N hydrochloric acid; 900 mL, deaerated. Samples:  Standard solution and Sample solution[NOTE—Helium sparging recommended.] [NOTE—Peaks eluting before RRT 0.63 and after RRT 1.0 areApparatus 2:  50 rpm, with 3-prong sinkers related to olanzapine.]Time:   30 min for both olanzapine and fluoxetine
Standard solution:  USP Olanzapine RS and USP Fluoxetine
Hydrochloride RS in Medium to obtain a final concentration of
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Calculate the percentage of olanzapine related degradation USP Olanzapine Related Compound B RS
product in the portion of Capsules taken: [2-Methyl-10H-thieno-[2,3-b][1,5]benzodiazepin-4[5H]-one]

(C12H10N2OS 230.29)■1S (USP34)
Result = (rU/rS) × (CS/CU) × (1/F) × 100

rU = peak response of each individual impurity from
the Sample solution BRIEFING

rS = peak response of olanzapine from the Standard
solution

CS = concentration of USP Olanzapine RS in the Stan- Pentobarbital Oral Solution,  USP 32 page 3250. It is pro-
dard solution (mg/mL) posed to omit this monograph from USP for the following

CU = nominal concentration of olanzapine in the Sam- reasons.
ple solution (mg/mL) •  This dosage form is currently discontinued for human use in

F = relative response factor for olanzapine related the United States.
compound B is 1.73 and 1.0 for all other •  This dosage form is currently not used in veterinary
olanzapine impurities medicine in the United States.

[NOTE—Peaks eluting between RRT 0.63 and RRT 1.0 are
related to fluoxetine.]

Calculate the percentage of fluoxetine related degradation
(MD-PP: R. Ravichandran.) RTS—C83874product in the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU = peak response of each individual impurity from
the Sample solution Delete the following:rS = peak response of fluoxetine from the Standard
solution

CS = concentration of USP Fluoxetine Hydrochloride ■Pentobarbital Oral Solution
RS in the Standard solution (mg/mL)

CU = nominal concentration of fluoxetine in the Sam-
DEFINITIONple solution (mg/mL)
Pentobarbital Oral Solution contains NLT 92.5% and NMTMr1 = molecular weight of fluoxetine, 309.33

107.5% of the labeled amount of C11H18N2O3.Mr2 = molecular weight of fluoxetine hydrochloride,
345.79 IDENTIFICATION

Acceptance criteria • THIN-LAYER CHROMATOGRAPHY
Individual impurities: Sample solution:  1 mg/mL of pentobarbital from Oral Solu-
Fluoxetine related degradation product:  NMT 0.25% tion in alcohol
Olanzapine related degradation product:  NMT 0.20% Standard solution:  1 mg/mL of USP Pentobarbital RS in

Total impurities alcohol
Fluoxetine related degradation products:  NMT 0.40% Adsorbent:  0.25-mm layer of chromatographic silica gel
Olanzapine related degradation products:  NMT 0.8% mixture

Application volume:  50 µL
Impurity Table 1 Developing solvent system:  Acetone, chloroform, isopropyl

alcohol, and ammonium hydroxide (2:2:9:4)
Relative Visualization:  Short-wave UV

Retention Analysis:  Proceed as described in Thin-Layer Chromatographic
Name Time Identification Tests 〈201〉, using the Application volume and De-

α[(2-Methylamino)ethyl] benzyl al- 0.22 veloping solvent system described herein.
cohol Acceptance criteria:  The RF value of the principal spot of the

Olanzapine related compound Ba 0.24 Sample solution corresponds to that of the Standard solution.
Trifluoro-p-cresol 0.30

ASSAY
Fluoxetine related compound Bb 0.31 • PROCEDURE
Olanzapine 0.63 Internal standard solution:  0.6 mg/mL of n-tricosane in
Fluoxetine 1.0 chloroform

Standard solution:  1 mg/mL of USP Pentobarbital RS anda 2-Methyl-10H-thieno-[2,3-b][1,5]benzodiazepin-4[5H]-one.
0.4 mg/mL of n-tricosane dissolved in chloroformb N-Methyl-3-phenylpropylamine.

Sample solution:  Oral Solution equivalent to 20 mg of pen-[NOTE—Peak names provided for identification purposes only.]
tobarbital. Add 1 mL of dilute hydrochloric acid (1 in 5), and

ADDITIONAL REQUIREMENTS extract with four 10-mL portions of chloroform. Filter the ex-
• PACKAGING AND STORAGE:  Preserve in tight containers. Store at tracts through 15 g of anhydrous sodium sulfate that is sup-

controlled room temperature. ported on a funnel by a small pledget of glass wool. Collect
• USP REFERENCE STANDARDS 〈11〉 the combined filtrate in a 50-mL volumetric flask, wash the

USP Fluoxetine Hydrochloride RS sodium sulfate with 5 mL of chloroform, dilute with chloro-
[Benzenepropanamine, N-methyl-gamma-[4- form to volume, and mix. Combine 4.0 mL of this solution
(trifluoromethyl)phenoxy]-, hydrochloride,±] with 1.0 mL of Internal standard solution in a suitable

(C17H18F3NO · HCl 345.79) container, and reduce the volume to about 1.5 mL by evapo-
USP Fluoxetine Related Compound B RS ration with the aid of a stream of dry nitrogen, at room
[N-Methyl-3-phenylpropylamine] temperature.
(C10H15N 149.23) Chromatographic system and System suitability:  Proceed as

USP Olanzapine RS directed in Barbiturate Assay 〈361〉.
[10H-Thieno[2,3-b][1,5]benzodiazepine, 2-methyl-4-(4- Resolution:  NLT 2.3
methyl-1-piperazinyl)] [NOTE—The relative retention times for n-tricosane and pen-

(C17H20N4S 312.43) tobarbital are 0.5 and 1.0, respectively.]
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Analysis:  Proceed as directed in Barbiturate Assay 〈361〉. mL of hydrochloric acid, and extract with five 25-mL portions
of chloroform. Filter the extracts through 15 g of anhydrous

Result = 12.5 × RU × QS × Ci/[V × RS] sodium sulfate that is supported on a funnel by a small
pledget of glass wool. Collect the combined filtrate in a 100-

V = volume of Oral Solution taken (mL) mL volumetric flask, wash the sodium sulfate with 15 mL of
Acceptance criteria:  92.5%–107.5% chloroform, collecting the washing with the filtrate, dilute

with chloroform to volume, and mix. Combine 2.0 mL of thisOTHER COMPONENTS solution with 1.0 mL of Internal standard solution in a suitable• ALCOHOL DETERMINATION, Method I 〈611〉:  16.0%–20.0% container, and reduce the volume to 1 mL by evaporation,
with the aid of a stream of dry nitrogen, at roomADDITIONAL REQUIREMENTS
temperature.• PACKAGING AND STORAGE:  Preserve in tight containers.

Chromatographic system and System suitability:  Proceed as• USP REFERENCE STANDARDS 〈11〉
directed in Barbiturate Assay 〈361〉.USP Pentobarbital RS■1S (USP34)

Resolution:  NLT 2.3 between pentobarbital and n-tricosane.
[NOTE—The relative retention times for n-tricosane barbital
and pentobarbital are 0.5 and 1.0, respectively.]

Analysis:  Proceed as directed in Barbiturate Assay 〈361〉.BRIEFING

Result = [50 × RU × QS × CI × (Mr1/Mr2)]/RS

Pentobarbital Sodium Capsules,  USP 32 page 3251. It is Mr1 = molecular weight of pentobarbital sodium,
proposed to omit this monograph from USP for the following 248.25
reasons. Mr2 = molecular weight of pentobarbital, 226.27

•  This dosage form is currently discontinued for human use in Acceptance criteria:  92.5%–107.5%
the United States.

•  This dosage form is currently not used in veterinary PERFORMANCE TESTS
medicine in the United States. • DISSOLUTION 〈711〉

Medium:  Water; 900 mL
Apparatus 1:  100 rpm
Time:  45 min(MD-PP: R. Ravichandran.) RTS—C83873
Detector:  UV 240 nm
Standard solution:  10 µg/mL of pentobarbital in freshly pre-
pared dilute ammonium hydroxide (1 in 20), from USP Pento-
barbital RS. [NOTE—The concentration of pentobarbital, multi-
plied by 1.097, represents the equivalent amount of

Delete the following: pentobarbital sodium.]
Sample solution:  Sample per Dissolution 〈711〉. Dilute with
freshly prepared dilute ammonium hydroxide (1 in 20) to a■Pentobarbital Sodium Capsules concentration that is similar to the Standard solution.

Tolerances:  NLT 75% (Q) of the labeled amount of
DEFINITION C11H17N2NaO3 is dissolved.
Pentobarbital Sodium Capsules contain NLT 92.5% and NMT • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

107.5% of the labeled amount of C11H17N2NaO3. Procedure for content uniformity
Sample stock solution:  Transfer the contents of 1 Capsule

IDENTIFICATION to a 250-mL volumetric flask, with the aid of about 5 mL of
• ULTRAVIOLET ABSORPTION 〈197U〉 alcohol. Add 10 mL of freshly prepared dilute ammonium

Sample:  Mix a quantity of the contents of Capsules, hydroxide (1 in 200), and without delay dilute with the same
equivalent to about 100 mg of pentobarbital sodium, with 15 solution to volume. Mix, filter if necessary, and discard the
mL of water in a separator. Filter, if necessary, and saturate first 20 mL of the filtrate.
the solution with sodium chloride. To the solution add 2 mL Sample solution:  10 µg/mL of pentobarbital sodium in di-
of hydrochloric acid, shake, and extract the liberated pento- lute ammonium hydroxide (1 in 200) from Sample stock
barbital with five 25-mL portions of chloroform. Pass each ex- solution
tract through a pledget of chloroform-washed cotton, or other Standard solution:  10 µg/mL of USP Pentobarbital RS in
suitable filter, into a beaker, and finally wash the separator dilute ammonium hydroxide (1 in 200)
and the filter with several small portions of chloroform. Evapo- Spectrometric conditions
rate the combined filtrate and washings on a steam bath with Analytical wavelength:  Peak max at about 240 nm
the aid of a current of air, add 10 mL of ether, again evapo- Cell:  1 cm
rate, recrystallize the residue from hot alcohol, and dry the Blank:  Dilute ammonium hydroxide (1 in 200)
recrystallized residue at 105° for 30 min. Analysis:  Determine the absorbances of both solutions.

Sample solution:  10 µg/mL Calculate the percentage of C11H17N2NaO3 in the Capsule
Medium:  Dilute ammonium hydroxide (1 in 200) taken:

ASSAY Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100• BARBITURATE ASSAY 〈361〉
Internal standard solution:  0.4 mg/mL of n-tricosane in AU = absorbance of the Sample solution
chloroform AS = absorbance of the Standard solution

Standard preparation:  0.9 mg/mL of USP Pentobarbital RS CS = concentration of USP Pentobarbital RS in the
and 0.4 mg/mL of n-tricosane in chloroform Standard solution (µg/mL)

Sample solution:  Weigh NLT 20 capsules, and transfer the CU = nominal concentration of the Sample solution
contents to a suitable container. Remove any residual powder (µg/mL)
from the empty capsules with the aid of a current of air, and Mr1 = molecular weight of pentobarbital sodium,
weigh the capsule shells, determining the weight of the con- 248.25
tents by difference. Mix the contents of the Capsules, and Mr2 = molecular weight of pentobarbital, 226.27
transfer a portion of the powder, equivalent to 50 mg of pen-
tobarbital sodium, to a seperator. Add 15 mL of water and 1
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ADDITIONAL REQUIREMENTS Tailing factor:  NMT 2.0 for raloxifene, System suitability
• PACKAGING AND STORAGE:  Preserve in tight containers. solution
• USP REFERENCE STANDARDS 〈11〉 Relative standard deviation:  NMT 1.0%, Standard

 USP Pentobarbital RS■1S (USP34) solution
Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C28H27NO4S · HCl in the portion

BRIEFING of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100
Raloxifene Hydrochloride Tablets,  USP 32, page 3472. It is

rU = peak response from the Sample solutionproposed to correct the instructions to prepare the Standard so-
rS = peak response from the Standard solutionlution in the Dissolution test.
CS = concentration of USP Raloxifene Hydrochloride

RS in the Standard solution (mg/mL)
CU = nominal concentration of the Sample solution

(BPC: M. Marques.) RTS—C71407 (mg/mL)
Acceptance criteria:  93.0%–107.0%

PERFORMANCE TESTS
Raloxifene Hydrochloride Tablets

Change to read:
DEFINITION
Raloxifene Hydrochloride Tablets contain NLT 93.0% and NMT

107.0% of the labeled amount of raloxifene hydrochloride • DISSOLUTION 〈711〉
(C28H27NO4S · HCl). Medium:  0.1% polysorbate 80; 1000 mL

Apparatus 2:  50 rpm
IDENTIFICATION Time:  30 min
• A. INFRARED ABSORPTION 〈197K〉 Mobile phase:  Acetonitrile, triethylamine, and water

Sample:  Transfer a quantity of powdered Tablets, equivalent (500:2:500). Adjust with phosphoric acid to a pH of 4.0.
to 120 mg of raloxifene hydrochloride, to a suitable container, Triethylamine phosphate suspension:  Add 2.0 mL of trieth-
add 20 mL of water, and shake to form a uniform slurry. ylamine to 500 mL of acetonitrile, and adjust with phosphoric
Centrifuge, and discard the supernatant. Add 5 mL of isopro- acid to a pH of 4.0. [NOTE—Triethylamine phosphate will pre-
pyl alcohol, shake to form a slurry, filter, and rinse the residue cipitate; keep the suspension well mixed.]
with isopropyl alcohol. Dry the residue at 105° for 30 min. Standard solution:  Prepare a solution having a known con-

Analysis:  Prepare a potassium bromide dispersion with the centration equivalent to the expected concentration of the
Sample. Similarly prepare the Standard, starting with a slurry Sample solution by dissolving USP Raloxifene Hydrochloride RS
containing 12 mg/mL of USP Raloxifene Hydrochloride RS in in ■a small volume (NMT 10% of the final volume) of■1S (USP34)
water. methanol. ■Dilute with Medium to volume, and■1S (USP34) mix

• B.  The retention time of the major peak of the Sample solu- the resulting solution with Triethylamine phosphate suspension
tion corresponds to that of the Standard solution, as obtained (1:1).
in the Assay. Sample solution:  Pass a portion of the solution under test

through an appropriate filter having a porosity of 0.45 µm.ASSAY Mix the resulting solution and Triethylamine phosphate suspen-• PROCEDURE sion (1:1).Solution A:  Dissolve 7.2 g of monobasic potassium phosphate Chromatographic systemin 1000 mL of water. Add 1.3 mL of phosphoric acid, and (See Chromatography 〈621〉, System Suitability.)further adjust with phosphoric acid or potassium hydroxide Mode:  LCsolution to a pH of 2.5 ± 0.1. Detector:  UV 290 nmMobile phase:  Acetonitrile and Solution A (33:67) Column:  4.6-mm × 15-cm; 3.5-µm base-deactivated packingDiluent:  Acetonitrile and Solution A (60:40) L10. If the analyte peak splits, use a guard column contain-System suitability solution:  Use the System suitability stock ing packing L3.solution in Organic Impurities, Procedure. Flow rate:  2 mL/minStandard solution:  0.06 mg/mL of USP Raloxifene Hydro- Injection size:  50 µLchloride RS in Diluent System suitabilitySample solution:  Transfer a sufficient quantity of Tablets to a Sample:  Standard solutionvolumetric flask of suitable size, add Diluent, and shake to dis- Suitability requirementsintegrate the Tablets. Sonicate if necessary. Dilute with Diluent Relative standard deviation:  NMT 2.0%to obtain a solution having a concentration of 0.06 mg/mL of Analysisraloxifene hydrochloride, based on the label claim. Filter, and Samples:  Standard solution and Sample solutionuse the clear solution. Determine the percentage of C28H27NO4S · HCl dissolved:Chromatographic system
(See Chromatography 〈621〉, System Suitability.) Result = (rU/rS) × (CS/L) × F × 100
Mode:  LC
Detector:  UV 280 nm rU = peak response from the Sample solution
Column:  4.6-mm × 15-cm; 3.5-µm base-deactivated L7 rS = peak response from the Standard solution
packing CS = concentration of raloxifene hydrochloride in the

Temperature:  35° Standard solution (mg/mL)
Flow rate:  1.5 mL/min L = Tablet label claim (mg)
Injection size:  10 µL F = volume of Medium, 1000 mL

System suitability Tolerances:  NLT 80% (Q) of the labeled amount of
Samples:  System suitability solution and Standard solution C28H27NO4S · HCl is dissolved.
Suitability requirements

Resolution:  NLT 2.0 between raloxifene and raloxifene N-
oxide, System suitability solution
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• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements Tailing factor:  NMT 2.0 for the raloxifene peak
Analysis

IMPURITIES Samples:  Standard solution and Sample solution
Organic Impurities Record the chromatograms for NLT two times the retention
• PROCEDURE time of the raloxifene peak, and measure all of the peak

Buffer:  Dissolve 9.0 g of monobasic potassium phosphate in responses. Calculate the percentage of each impurity in the
1000 mL of water. Add 0.5 mL of phosphoric acid, and fur- portion of Tablets taken:
ther adjust with phosphoric acid or potassium hydroxide so-
lution to a pH of 3.0 ± 0.1. Result = (rU/rS) × (CS/CU) × 100

Solution A:  Acetonitrile and Buffer (25:75)
Solution B:  Acetonitrile and Buffer (50:50) rU = peak response of each impurity in the Sample
Mobile phase:  Use variable mixtures of Solution A and Solu- solution
tion B as directed in the gradient table below. rS = peak response of raloxifene in the Standard solu-

tion
CS = concentration of USP Raloxifene HydrochlorideTime Solution A Solution B

RS in the Standard solution (mg/mL) (min)  (%)  (%)
CU = nominal concentration of the Sample solution

0.00 100 0 (mg/mL)
5.00 100 0 Acceptance criteria
36.25 0 100 Individual impurities:  See Impurity Table 1.
38.25 100 0 Total impurities:  NMT 1.0%
48.00 100 0

Impurity Table 1
[NOTE—Adjust the start time of the gradient step on the

Relative Acceptancebasis of the instrument’s dwell volume.]
 Retention  Criteria,Diluent:  Acetonitrile and Buffer (60:40)

Name  Time  NMT (%)System suitability stock solution:  Transfer 6 mg of USP
Raloxifene 1.00 —Raloxifene Hydrochloride RS to a 50-mL volumetric flask, and

add 15.0 mL of acetonitrile, 3.0 mL of water, and 5.0 mL of Raloxifene N-oxidea 1.17 NMT 0.3
30% hydrogen peroxide (unstabilized). Mix, and dissolve the Any unspecified in- — NMT 0.2
raloxifene hydrochloride. Shake the solution for approxi- dividual impurity
mately 30 min, followed by approximately 30 min of sonica- Total impurities — NMT 1.0tion. Let it stand at 30° for at least 6 h. Dilute with Diluent to

a Methanone, [6-hydroxy-2-(4-hydroxyphenyl) benzo[b]thien-3-yl][4-[2-(1-ox-50.0 mL.
ido-1-piperidinyl)ethoxy]phenyl].[NOTE—Raloxifene hydrochloride is partly converted to

raloxifene N-oxide under these conditions. The reaction ADDITIONAL REQUIREMENTS
time can be varied as necessary to achieve an appropriate • PACKAGING AND STORAGE:  Preserve in tight containers, and
level of raloxifene N-oxide.] store at controlled room temperature.

System suitability solution:  Transfer 15 mg of USP Ralox- •  USP REFERENCE STANDARDS 〈11〉
ifene Hydrochloride RS to a 50-mL volumetric flask, and add USP Raloxifene Hydrochloride RS
5.0 mL of System suitability stock solution and 20 mL of Dilu-
ent. Dilute with Solution A to volume.

Standard stock solution:  0.06 mg/mL of USP Raloxifene Hy-
drochloride RS in Diluent BRIEFING

Standard solution:  Mix 5 mL of the Standard stock solution
and 45 mL of Diluent, and dilute with Solution A to 100.0 mL
(0.003 mg/mL). Repaglinide,  USP 32 page 3484. Comments were received

Sample solution:  Transfer a sufficient quantity of Tablets to that the Loss on Drying procedure using thermogravimetric anal-
a volumetric flask of a suitable size to obtain a solution of ysis (TGA) creates problems for some users, because many TGA
raloxifene hydrochloride having a concentration of 6 mg/mL, instruments available on the market cannot handle the sample
based on the label claim. Add Diluent, and shake to dis- size, heating rate, and nitrogen flow rates specified in the mono-
integrate the Tablets. Sonicate, if necessary, and add Diluent graph. It is proposed to replace the TGA procedure with a pro-
to volume. Transfer 5 mL of this solution to a 10-mL volu- cedure utilizing Loss on Drying 〈731〉 to make the requirements
metric flask, and dilute with Solution A to volume to obtain a consistent with those in the European Pharmacopoeia. It is also
solution having a concentration of 3 mg/mL of raloxifene proposed to revise the limit from “NMT 0.7%” to “NMT 0.5%”.
hydrochloride, based on the label claim. Filter, and use the The sponsor of the proposal indicated that the existing limit of
clear solution. NMT 0.7% as determined by TGA is equivalent to NMT 0.5% as

Chromatographic system determined by Loss on Drying at 105° to constant weight.
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 280 nm

(MD-GRE: E. Gonikberg.) RTS—C85167Column:  4.6-mm × 25-cm; 5-µm base-deactivated L7
packing

Temperature:  35°
Flow rate:  1 mL/min
Injection size:  10 µL

System suitability
Sample:  System suitability solution
Suitability requirements
Resolution:  NLT 3.0 between raloxifene and raloxifene
N-oxide
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Repaglinide Related Compound A RS, 100 µg/mL of USPRepaglinide
Repaglinide Related Compound B RS, and 100 µg/mL of USP
Repaglinide Related Compound C RS

Sample solution:  10 mg/mL of Repaglinide in methanol
Standard solution:  0.1 mL of Sample solution diluted with
methanol to 10 mL

Mobile phase:  See the gradient table below.

Time Solution A Solution B 
(min) (%) (%)

0 50 50C27H36N2O4 452.59
2 30 70(S)-2-Ethyoxy-4-[2-[[methyl-1-[2-[(1-piper-

idinyl)phenyl]butyl]amino]-2-oxoethyl]-benzoic acid; 8 30 70
(+)-2-Ethoxy-α-[[(S)-α-isobutyl-o-piperidinobenzyl]carbamoyl]-p- 12 5 95

toluic acid [135062-02-1]. 15 5 95

DEFINITION Chromatographic systemRepaglinide contains NLT 98.0% and NMT 101.0% of (See Chromatography 〈621〉, System Suitability.)C27H36N2O4, calculated on the dried basis. Mode:  LC
Detector:  UV 240 nmIDENTIFICATION
Column:  4.6-mm × 12.5-cm; 5-µm packing L1• A. INFRARED ABSORPTION 〈197K〉
Flow rate:  1 mL/min• B. ULTRAVIOLET ABSORPTION 〈197U〉
Column temperature:  45°Solution:  25 µg/mL in methanol
Injection size:  3 µL

System suitabilityASSAY
Samples:  System suitability solution and Standard solution• PROCEDURE
[NOTE—The relative retention times for repaglinide relatedBuffer:  1 mg/mL of monobasic potassium phosphate solu-
compound B, repaglinide related compound C, repagli-tion, adjusted with phosphoric acid to a pH of 2.5
nide, and repaglinide related compound A are 0.3, 0.9,Mobile phase:  Methanol and Buffer (8:2)
1.0, and 1.6, respectively.]System suitability solution:  500 µg/mL of USP Repaglinide

Suitability requirementsRS and 40 µg/mL of USP Repaglinide Related Compound B RS
Relative standard deviation:  NMT 10% of repaglinide,in methanol
Standard solutionStandard solution:  500 µg/mL of USP Repaglinide RS in

Analysismethanol
Samples:  Standard solution and Sample solutionSample solution:  0.5 mg/mL of Repaglinide in methanol
Calculate the percentage of each impurity in the portion ofChromatographic system
Repaglinide taken:(See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Result = (rU/rS) × (CS/CU) × F × 100Detector:  UV 240 nm

Column:  4.6-mm × 12.5-cm; 5-µm packing L1
rU = peak responses of each impurity from the Sam-Column temperature:  45°

ple solutionFlow rate:  1 mL/min
rS = peak response of repaglinide from the StandardInjection size:  10 µL

solutionSystem suitability
CS = concentration of repaglinide in the Standard so-Samples:  System suitability solution and Standard solution

lution (mg/mL)[NOTE—The relative retention times for repaglinide related
CU = concentration of Repaglinide in the Sample solu-compound B and repaglinide are 0.4 and 1.0, respectively,

tion (mg/mL)System suitability solution.]
F = relative response factor (see Impurity Table 1 forSuitability requirements

the value)Relative standard deviation:  NMT 2.0% of repaglinide,
Acceptance criteriaStandard solution

Individual impurities:  See Impurity Table 1.Analysis
Total impurities:  NMT 0.5%Samples:  Standard solution and Sample solution

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

Relative Relative AcceptancerU = peak response from the Sample solution
 Retention  Response Criteria,rS = peak response from the Standard solution

Name Time Factor NMT (%)CS = concentration of the Standard solution (mg/mL)
Repaglinide related 1.6 2 0.1CU = concentration of the Sample solution (mg/mL)
compound AAcceptance criteria:  98.0%–101.0% on the dried basis

Repaglinide related 0.3 1 0.1
IMPURITIES compound B
Inorganic Impurities Repaglinide related 0.9 1 0.1• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% compound CIgnition temperature:  600 ± 25°

Repaglinide 1.0 — —• HEAVY METALS, Method II 〈231〉:  10 ppm
Organic Impurities
• PROCEDURE SPECIFIC TESTS

Solution A:  3 mg/mL of monobasic potassium phosphate • OPTICAL ROTATION, Specific Rotation 〈781S〉:  +6.3° to +7.3°, at
solution, adjusted with 1 N sodium hydroxide to a pH of 7.0 20°

Solution B:  Methanol
System suitability solution:  A solution in methanol, contain-
ing 10 mg/mL of USP Repaglinide RS, 100 µg/mL of USP
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Sample solution:  50 mg/mL, in methanol Sample solution:  Transfer the Oral Solution, equivalent to 22
mg of secobarbital, add 1 mL of dilute hydrochloric acid (1 in
5), and extract with four 10-mL portions of chloroform. FilterChange to read: the extracts through about 15 g of anhydrous sodium sulfate
that is supported on a funnel by a small pledget of glass wool.
Collect the combined filtrate in a 50-mL volumetric flask, wash• LOSS ON DRYING ■〈731〉:■1S (USP34)
the sodium sulfate with 5 mL of chloroform, dilute with chlo-(See Thermal Analysis 〈891〉.)
roform to volume, and mix. Combine 4.0 mL of this solutionDetermine the percentage of volatile substances by
with 2.0 mL of Internal standard solution in a suitablethermogravimetric analysis on an appropriately calibrated in-
container, and reduce the volume to about 1.5 mL by evapo-strument, using about 30 mg of Repaglinide. Heat the speci-
ration, with the aid of a stream of dry nitrogen, at roommen at the rate of 10°/min between 30° and 210° in an
temperature.atmosphere of nitrogen at a flow rate of 200 mL/min. From

Chromatographic systemthe thermogram, determine the accumulated loss in weight
System suitability:  Proceed as directed under Barbiturate As-between 30° and 200°: it loses NMT 0.7% of its weight.
say 〈361〉. ■Dry a sample at 105° to constant weight: the sample loses
[NOTE—The relative retention times for butabarbital andNMT 0.5% of its weight.■1S (USP34)
secobarbital are 0.6 and 1.0, respectively.]

Suitability requirementsADDITIONAL REQUIREMENTS
Resolution:  NLT 3.0 between secobarbital and butabarbital• PACKAGING AND STORAGE:  Preserve in tight containers.
Tailing factor:  NMT 2.0• USP REFERENCE STANDARDS 〈11〉
Relative standard deviation:  NMT 1.5%USP Repaglinide RS

Analysis:  Proceed as directed under Barbiturate Assay 〈361〉.USP Repaglinide Related Compound A RS
Samples:  Standard solution and Sample solutionUSP Repaglinide Related Compound B RS
Calculate the quantity, in mg, of C12H18N2O3 in 100 mL ofUSP Repaglinide Related Compound C RS
the Oral Solution taken:

Result = 25 × RU × QS × Ci/[V × RS]
BRIEFING

V = volume of Oral Solution (mL)
Other terms are defined therein.

Acceptance criteria:  417–461 mgSecobarbital Oral Solution,  USP 32 page 3543. It is pro-
posed to omit this monograph from USP for the following OTHER COMPONENTS
reasons: • ALCOHOL DETERMINATION 〈611〉:  10.0%–14.0% of C2H5OH

•  This dosage form is currently discontinued for human use in
the United States. ADDITIONAL REQUIREMENTS

•  This dosage form is currently not used in veterinary • PACKAGING AND STORAGE:  Preserve in tight containers.
medicine in the United States. • USP REFERENCE STANDARDS 〈11〉

USP Secobarbital RS■1S (USP34)

(MD-PP: R. Ravichandran.) RTS—C83871

BRIEFING

Sodium Acetate,  USP 32 page 3561. On the basis of data and
Delete the following: comments received, it is proposed to add a specific Sample solu-

tion for Identification test B to optimize the analysis. Additionally,
in the test for Aluminum, it is proposed to clarify that the sample■Secobarbital Oral Solution weight refers to an amount of sodium acetate trihydrate.

DEFINITION
Secobarbital Oral Solution contains, in each 100 mL, NLT 417 mg

(MD-PS: M. Puderbaugh, M. Waddell.) RTS—C77005;and NMT 461 mg of secobarbital (C12H18N2O3), in a suitable,
C77507flavored vehicle.

IDENTIFICATION
• INFRARED ABSORPTION 〈197M〉

Sodium AcetateSample:  10 mL
Analysis:  Add 20 mL of water and 5 mL of 1 N sodium hy-
droxide, and extract with two 10-mL portions of chloroform,
discarding the chloroform extracts. Add 5 mL of 3 N hydro-
chloric acid, and extract with two 25-mL portions of chloro-
form, filtering the extracts through paper into a beaker. Re-
move the chloroform by evaporation on a steam bath, and C2H3NaO2 · 3H2O 136.08
dry the residue at 105° for 2 h. C2H3NaO2 82.03Acceptance criteria:  The residue so obtained meets the Acetic acid, sodium salt, trihydrate;requirements. Sodium acetate trihydrate [6131-90-4.].

Anhydrous [127-09-3.].ASSAY
• BARBITURATE ASSAY 〈361〉 DEFINITIONInternal standard:  Butabarbital Sodium Acetate contains three molecules of water of hydration,Internal standard solution:  0.7 mg/mL of Butabarbital in or is anhydrous. It contains NLT 99.0% and NMT 101.0% ofchloroform C2H3NaO2, calculated on the dried basis.Standard solution:  1.2 mg/mL of USP Secobarbital RS and

0.9 mg/mL of Butabarbital in chloroform
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IDENTIFICATION • LOSS ON DRYING 〈731〉:  Dry a sample at 120° to constant
• A. IDENTIFICATION TESTS—GENERAL, Sodium 〈191〉:  A solution weight: the hydrous form loses 38.0%–41.0% of its weight,

meets the requirements. and the anhydrous form loses NMT 1.0% of its weight.
• INSOLUBLE MATTER

Sample:  Equivalent to 20 g of anhydrous sodium acetateChange to read: Analysis:  Dissolve the Sample in 150 mL of water, heat to
boiling, and digest in a covered beaker on a steam bath for 1
h. Filter through a tared filtering crucible, wash thoroughly,• B. IDENTIFICATION TESTS—GENERAL, Acetate 〈191〉:  A solution
and dry at 105°.meets the requirements.

Acceptance criteria:  The weight of the residue is NMT 10■Sample solution:  10 mg/mL of sodium acetate in water.
mg (0.05%).Adjust the pH to slightly alkaline with 0.1 N sodium

hydroxide.■1S (USP34) ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers.ASSAY
• LABELING:  Label it to indicate whether it is the trihydrate or is• PROCEDURE

anhydrous. Where Sodium Acetate is intended for use inSample solution:  Equivalent to 8.0 mg/mL of anhydrous so-
hemodialysis, it is so labeled.dium acetate in glacial acetic acid. [NOTE—Warm gently and

mix to dissolve, if necessary.]
Analysis:  To 25 mL of Sample solution add 2 drops of p-
naphtholbenzein TS and titrate with 0.1 N perchloric acid VS. BRIEFINGPerform a blank determination, and make any necessary cor-
rection. Each mL of 0.1 N perchloric acid is equivalent to
8.203 mg of C2H3NaO2.

Bacteriostatic Sodium Chloride Injection  As part of theAcceptance criteria:  99.0%–101.0% on the dried basis
redesign of this monograph, it is proposed to add a separate

IMPURITIES Identification section and delete the cross-reference to Sodium
Chloride Injection under Other Requirements.

Change to read:

(MD-PS: D. Vicchio.) RTS—C66306
Inorganic Impurities
• CHLORIDE AND SULFATE, Chloride 〈221〉:  A portion equivalent to

1.0 g of anhydrous sodium acetate shows no more chloride
than corresponds to 0.50 mL of 0.020 N hydrochloric acid Bacteriostatic Sodium Chloride Injection
(350 ppm).

• CHLORIDE AND SULFATE, Sulfate 〈221〉:  A portion equivalent to DEFINITION
10 g of anhydrous sodium acetate shows no more sulfate than Bacteriostatic Sodium Chloride Injection is a sterile, isotonic solu-
corresponds to 0.50 mL of 0.020 N sulfuric acid (50 ppm). tion of Sodium Chloride in Water for Injection, and it contains

• CALCIUM AND MAGNESIUM one or more suitable antimicrobial agents. It contains NLT
Sample solution:  Equivalent to 10 mg/mL of anhydrous so- 0.85% and NMT 0.95% of NaCl.
dium acetate [NOTE—Use Bacteriostatic Sodium Chloride Injection with due re-

Analysis:  To 20 mL of Sample solution add 2 mL each of 6 N gard for the compatibility of the antimicrobial agent or agents
ammonium hydroxide, ammonium oxalate TS, and dibasic it contains with the particular medicinal substance that is to be
sodium phosphate TS. dissolved or diluted.]

Acceptance criteria:  No turbidity is produced within 5 min.
• POTASSIUM IDENTIFICATION

Sample solution:  Equivalent to 600 mg/mL of anhydrous
sodium acetate

Add the following:Analysis:  To 5 mL of Sample solution add 1 N acetic acid
dropwise until the solution is slightly acidic, and then add 5
drops of sodium cobaltinitrite TS. ■• IDENTIFICATION TESTS—GENERAL, Sodium 〈191〉 and ChlorideAcceptance criteria:  No precipitate is formed. 〈191〉:  Meets the requirements■1S (USP34)• ALUMINUM 〈206〉:  Where it is labeled as intended for use in

hemodialysis, proceed as directed in the chapter, using 10.0 g ASSAY
of Sodium Acetate■a portion equivalent to 10 g of sodium • PROCEDURE
acetate trihydrate■1S (USP34) to prepare the Sample solution. Sample solution:  Equivalent to 90 mg of Sodium Chloride
Acceptance criteria:  0.2 ppm from the volume of Injection. Add water, if necessary, to bring

• HEAVY METALS, Method I 〈231〉 the volume to 10 mL, and add 10 mL of glacial acetic acid,
Standard solution:  1 mL of Standard Lead Solution and 11 75 mL of methanol, and 3 drops of eosin Y TS.
mL of water in a 50-mL color-comparison tube Analysis:  Titrate, with shaking, with 0.1 N silver nitrate VS to

Sample stock solution:  Equivalent to 84 mg/mL of a pink endpoint. Each mL of 0.1 N silver nitrate is equivalent
C2H3NaO2, made to 50 mL to 5.844 mg of NaCl.

Sample solution:  12 mL of Sample stock solution in a 50-mL Acceptance criteria:  0.85%–0.95%
color-comparison tube

Monitor solution:  11 mL of Sample stock solution and 1.0 IMPURITIES
mL of Standard Lead Solution in a 50-mL color-comparison Inorganic Impurities
tube • IRON 〈241〉:  NMT 2 ppm

Analysis:  Proceed as directed in the chapter, omitting the Sample solution:  Dilute 5.0 mL of Injection with water to
dilution to 50 mL. 45 mL, and add 2 mL of hydrochloric acid.

Acceptance criteria:  NMT 10 ppm • HEAVY METALS, Method I 〈231〉:  NMT 10 ppm, based on the
amount of sodium chloride

SPECIFIC TESTS Sample solution:  Place a volume of Injection, equivalent to
• PH 〈791〉:  7.5–9.2, in a solution equivalent to 30 mg/mL of 1.0 g of sodium chloride, in a suitable vessel. If necessary,

anhydrous sodium acetate in carbon dioxide-free water evaporate to a volume of 20 mL, add 2 mL of 1 N acetic
acid, then dilute with water to 25 mL.
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Analysis:  Proceed as directed, except use 1 mL of Standard BRIEFING
Lead Solution (10 µg of Pb) in the Standard Preparation and
in the Monitor Preparation.

Theophylline Oral Suspension.  Because there is no existingSPECIFIC TESTS
USP monograph for this dosage form, a new monograph is be-• ANTIMICROBIAL AGENT(S):  It meets the requirements under An-
ing proposed.timicrobial Effectiveness Testing 〈51〉, and meets the labeled

claim for content of the antimicrobial agent(s) as determined
by the method set forth under Antimicrobial Agents—Content
〈341〉, except use the following procedure when methyl- (CRX: R. Schnatz.) RTS—C71166
paraben and propylparaben are used as the antimicrobial
agents.

Mobile phase:  Methanol and water (7:3)
Standard stock solution:  1.2 mg/mL of USP Methylparaben
RS and 0.12 mg/mL of USP Propylparaben RS in methanol Add the following:Standard solution:  Pipet 5 mL of the Standard stock solution
into a 50-mL volumetric flask, add by pipet 30 mL of metha-
nol, and dilute with water to volume. ■Theophylline Oral SuspensionSample solution:  1.0 mL of Injection and 7.0 mL of metha-
nol. Dilute with water to 10.0 mL.

DEFINITIONChromatographic system
 Theophylline Oral Suspension contains NLT 90.0% and NMT(See Chromatography 〈621〉, System Suitability.)

110.0% of the labeled content of theophylline (C7H8N4O2). Pre-Mode:  LC
pare Theophylline Oral Suspension (5 mg/mL) as follows (seeDetector:  UV 254 nm
Pharmaceutical Compounding—Nonsterile Preparations 〈795〉):Column:  4-mm × 30-cm; packing L1

Flow rate:  1.5 mL/min
Injection size:  12 µL Theophylline 500 mg

System suitability
Vehicle: a mixture of Vehicle for Oral A sufficientSample:  Standard solution
Solution (regular or sugar-free), NF, and quantitySuitability requirements
Vehicle for Oral Suspension, NF, (1:1)Capacity factor:  0.52 for methylparaben and 1.05 for

To make 100 mLpropylparaben
Resolution:  About 2.0

Calculate the required quantity of each ingredient for the totalAnalysis
amount to be prepared. Calculate the theophylline amount onSamples:  Standard solution and Sample solution
the anhydrous basis. If using Theophylline Tablets, place the Tab-Calculate the concentration, in mg/mL, of methylparaben or
lets in a suitable mortar, and comminute the Tablets to a finepropylparaben in the portion of Injection taken:
powder, or use Theophylline Powder. Add about 20 mL of the
Vehicle in small portions, and triturate to make a smooth paste.Result = (rU/rS) × CS
Add increasing volumes of the Vehicle to make a liquid that is
pourable. Transfer the contents of the mortar, stepwise and quan-rU = peak height from the Sample solution
titatively, to a calibrated container. Add enough of the liquid Ve-rS = peak height from the Standard solution
hicle to bring to final volume, and mix well.CS = concentration of USP Methylparaben RS or USP

Propylparaben RS in the Standard solution
ASSAY(mg/mL) • PROCEDURE• PARTICULATE MATTER IN INJECTIONS 〈788〉:  Meets the require-

Solution A:  A solution containing 2.50 g of sodium citratements for small-volume injections
and 1.63 g of citric acid (anhydrous) in 850 mL of water and• PH 〈791〉:  4.5–7.0
150 mL of methanol. Add 5 mM of calcium sodium EDTA,• BACTERIAL ENDOTOXINS TEST 〈85〉:  NMT 1.0 USP Endotoxin
and adjust with glacial acetic acid to a pH of 5.0.Unit/mL

Solution B:  Acetonitrile
Mobile phase:  See the gradient table below. Make adjust-

Change to read: ments, if necessary.

Time Solution A Solution B• OTHER REQUIREMENTS:  It meets the requirements of the Identifi-
(min) (%) (%)cation test under Sodium Chloride Injection. It also meets■It

0.0 100 0.0meets■1S (USP34) the requirements under Injections 〈1〉.
20.0 100 0.0

ADDITIONAL REQUIREMENTS
20.01 5.0 95.0• PACKAGING AND STORAGE:  Preserve in single-dose or multiple-
25.0 5.0 95.0dose containers, of not larger than 30-mL size, preferably of

25.01 100 0.0Type I or Type II glass.
• LABELING:  Label it to indicate the name(s) and proportion(s)

Diluent:  Solution Aof the added antimicrobial agent(s). Label it also to include
System suitability solution:  0.10 mg/mL of USP Theophyllinethe statement: NOT FOR USE IN NEWBORNS, in boldface cap-
RS and 0.20 mg/mL USP Caffeine RS in Solution Aital letters, on the label immediately under the official name,

Standard solution:  0.10 mg/mL of USP Theophylline RS inprinted in a contrasting color, preferably red. Alternatively, the
Solution Astatement may be placed prominently elsewhere on the label

Sample solution:  0.10 mg/mL of Theophylline Oral Suspen-if the statement is enclosed within a box. Label it also to in-
sion in Solution Aclude the statement: NOT FOR INHALATION.

Chromatographic system•  USP REFERENCE STANDARDS 〈11〉
(See Chromatography 〈621〉, System Suitability.)USP Endotoxin RS

USP Methylparaben RS
USP Propylparaben RS
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Mode:  LC Topiramate
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection size:  20 µL

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

Resolution:  NLT 3.0 between the theophylline peak and
caffeine peak

Tailing factor:  NMT 1.5 for the theophylline peak C12H21NO8S 339.36
Column efficiency:  NLT 1000 theoretical plates for the β-D-Fructopyranose, 2,3:4,5-bis-O-(1-methylethylidene)-,
theophylline peak sulfamate;

Relative standard deviation:  NMT 2.0% for the theophyl- 2,3:4,5-Di-O-isopropylidene-β-D-fructopyranose sulfamate
line peak from replicate injections of the Standard solution [97240-79-4].

Analysis
Samples:  Standard solution and Sample solution DEFINITION
Calculate the percentage of C7H8N4O2 in the portion of Oral Topiramate contains NLT 98.0% and NMT 102.0% of
Suspension taken: C12H21NO8S, calculated on the anhydrous basis.

[CAUTION—Great care must be exercised in handling Topiramate
Result = (rU/rS) × (CS/CU) × 100 because it is a suspected teratogen.]

rU = peak response of theophylline in the Sample so- IDENTIFICATION
lution • A. INFRARED ABSORPTION 〈197K〉

rS = peak response of theophylline in the Standard • B.  The retention time of the major peak of the Sample solu-
solution tion corresponds to that of the Standard solution, as obtained

CS = concentration of USP Theophylline RS in the in the Assay.
Standard solution (mg/mL)

ASSAYCU = concentration of theophylline in the Sample solu-
• PROCEDUREtion (mg/mL)

Mobile phase:  Acetonitrile and water (1:1)Acceptance criteria:  90.0%–110.0%
Standard solution:  2 mg/mL of USP Topiramate RS in Mobile

SPECIFIC TESTS phase
• PH 〈791〉:  Between 4.0 and 5.0 Sample solution:  2 mg/mL of Topiramate in Mobile phase

Chromatographic system
ADDITIONAL REQUIREMENTS (See Chromatography 〈621〉, System Suitability.)
• PACKAGING AND STORAGE:  Package in tight, light-resistant con- Mode:  LC

tainers. Store at controlled room temperature. Do not Detector:  Refractive index
refrigerate. Column:  4.6-mm × 25-cm; 5-µm packing L1

• LABELING:  Label to state that it is to be well-shaken before Temperature:  The detector and column temperatures are
use, protected from light, not to be refrigerated, and to state maintained at 50°.
the Beyond-Use Date. Flow rate:  0.6 mL/min

• BEYOND-USE DATE:  NMT 90 days after the date on which it Injection size:  20 µL
was compounded, when stored at controlled room System suitability
temperature. Sample:  Standard solution

• USP REFERENCE STANDARDS 〈11〉 Suitability requirements
USP Theophylline RS Column efficiency:  NLT 1500 theoretical plates
USP Caffeine RS■1S (USP34) Tailing factor:  NMT 2.0

Relative standard deviation:  NMT 2.0%
Analysis
Samples:  Standard solution and Sample solution

BRIEFING  Calculate the percentage of C12H21NO8S in the portion of
Topiramate taken:

Topiramate,  USP 32 page 3773. On the basis of comments Result = (rU/rS) × (CS/CU) × 100
and data received concerning the poor baseline of the chromat-

rU = peak response from the Sample solutionographic conditions, it is proposed replace the current gradient
rS = peak response from the Standard solutionelution HPLC test method for limit for sulfate and sulfamate with
CS = concentration of USP Topiramate RS in the Stan-an isocratic HPLC method. The proposed method has been vali-

dard solution (mg/mL)dated using a PRP-X100 brand of L47 packing manufactured by
CU = concentration of Topiramate in the Sample solu-Hamilton. The typical retention time for sulfate is around 7 min.

tion (mg/mL)This test has been moved to the Specific Tests section to be
Acceptance criteria:  98.0%–102.0% on the anhydrous basisconsistent with USP monograph redesign guidelines.

IMPURITIES

(MD-PP: R. Ravichandran.) RTS—C63574
Change to read:

Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.2%
• HEAVY METALS, Method II 〈231〉:  10 ppm
• LIMIT OF SULFAMATE AND SULFATE

[NOTE—Use Purified Water (resistivity NLT 18 megohm-cm) for
Mobile phase and all solution preparations.]
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Diluent:  Purified water and acetonitrile (4:1) Organic Impurities
Solution A:  4 mg/mL of sodium hydroxide (see Containers [NOTE—On the basis of the synthetic route, perform either Proce-
〈661〉, Reagents in Chemical Resistance—Glass Containers) dure 2 or Procedure 3. If N-methyltopiramate is a potential re-

Solution B:  Water lated compound, Procedure 1 and Procedure 3 are
Solution C:  Solution A and water (1:1) recommended.]
Mobile phase:  Use variable mixtures of Solution A, Solution • PROCEDURE 1
B, and Solution C, from the gradient table below. Identification solution:  0.2 mg/mL of USP Topiramate Re-

lated Compound A RS in methanol
Standard solution A:  40 mg/mL of USP Topiramate RS inTime Solution A Solution B Solution C
methanol (min) (%) (%) (%)

Standard solution B:  0.08 mg/mL of Topiramate from Stan-
0 0 95 5 dard solution A and methanol

7.0 0 95 5 Standard solution C:  0.04 mg/mL of Topiramate from Stan-
15.0 20 0 80 dard solution A and methanol
20.0 20 0 80 Sample solution:  40 mg/mL of Topiramate in methanol

Chromatographic system20.1 0 95 5
(See Chromatography 〈621〉, Thin-Layer Chromatography.)25.0 0 95 5
Mode:  TLC
Adsorbent:  0.20-mm layer of chromatographic silica gelSulfamic acid stock solution:  0.6 mg/mL of sulfamic acid in
mixture, prewashed with methanol and air driedDiluent

Application volume:   20 µLSulfate stock solution:  Transfer about 0.9 mg/mL of potas-
Developing solvent system:  Acetonitrile, methanol, andsium sulfate in Diluent.
0.5 M sodium chloride (7:3:10)Standard solution:  Transfer 3.0 mL each of Sulfamic acid

Spray reagent:  Prepare a 30-mg/mL solution of phenol instock solution and Sulfate stock solution to a 50-mL volumetric
alcohol and concentrated sulfuric acid (95:5).flask, and dilute with Diluent to volume.

AnalysisSample solution:  10 mg/mL of Topiramate in Diluent
Samples:  Standard solution B, Standard solution C, andChromatographic system
Sample solution(See Chromatography 〈621〉, System Suitability.)

Proceed as directed in the chapter. After elution, air-dry theMode:  LC
plate, spray the plate with the Spray reagent, and let theDetector:  Conductivity
plate air-dry. Then dry the plate for 10 min in an oven atGuard column:  4.0-mm × 5-cm; packing L46
125°. [NOTE—The approximate RF values for topiramateColumn:  4.0-mm × 25-cm; packing L46
and topiramate related compound A are 0.65 and 0.70,Flow rate:  2 mL/min
respectively. Disregard any spots at the origins of the chro-Injection size:  20 µL
matograms. Disregard any spot corresponding to topira-System suitability
mate related compound A because this impurity should beSamples:  Standard solution
quantified using Procedure 2.] Examine the plate using visi-[NOTE—The relative retention times for sulfamate and sul-
ble light, and estimate the percentage of all secondaryfate are 0.27 and 1.0, respectively.]
spots in the chromatogram of the Sample solution by com-Suitability requirements
paring each spot with the principal spot from the chro-Relative standard deviation:  NMT 2.0% for both the
matograms of the Standard solutions.sulfate and sulfamate peaks

Acceptance criteria:  Any single spot is not greater in sizeAnalysis
and intensity than the spot for Standard solution C; NMTSamples:  Standard solution and Sample solution
0.1% of any individual impurity is found; and NMT 0.5% ofCalculate the percentage of sulfate in the portion of Topira-
total impurities by TLC is found.mate taken:

• PROCEDURE 2
Mobile phase:  Proceed as directed in the Assay.Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

[NOTE—Prepare all solutions fresh before use.]
rU = peak response of sulfate from the Sample solu- Sample solution:  40 mg/mL of Topiramate, in Mobile phase.

tion [NOTE—Sonication may be used to aid dissolution.]
rS = peak response of sulfate from the Standard solu- System suitability solution:  0.3 mg/mL each of USP Fruc-

tion tose RS and USP Topiramate Related Compound A RS, in the
CS = concentration of potassium sulfate in the Stan- Sample solution

dard solution (mg/mL) Chromatographic system
CU = concentration of the Sample solution (mg/mL) (See Chromatography 〈621〉, System Suitability.)
Mr1 = molecular weight of sulfate ion, 96.06 Mode:  LC
Mr2 = molecular weight of potassium sulfate, 174.25 Detector:  Refractive index detector
Calculate the percentage of sulfamate in the portion of Column:  4.6-mm × 25-cm; 5-µm packing L1
Topiramate taken: Temperature:  The detector and column temperatures are

maintained at 55°.
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 Flow rate:  0.6 mL/min

Injection size:  50 µL
rU = peak response of sulfamate from the Sample so- Run time:  NLT 5 times the retention time of the topira-

lution mate peak
rS = peak response of sulfamate from the Standard System suitability

solution Sample:  System suitability solution
CS = concentration of sulfamic acid in the Standard [NOTE—The relative retention times for fructose, topiramate

solution (mg/mL) related compound A, and topiramate are 0.45, 0.9, and
CU = concentration of the Sample solution (mg/mL) 1.0, respectively.]
Mr1 = molecular weight of sulfamate ion, 96.08 Suitability requirements
Mr2 = molecular weight sulfamic acid, 97.09 Resolution:  NLT 1.0 between topiramate related com-

Acceptance criteria:  NMT 0.10% of sulfate and NMT pound A and topiramate
0.10% of sulfamate Relative standard deviation:  NMT 2.0% for the topira-
■

■1S (USP34) mate peak
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Analysis Sample solution:  4–10 mg/mL, in methanol
Sample:  Sample solution • WATER DETERMINATION, Method I 〈921〉:  NMT 0.5%
Calculate the percentage of each of the impurities in the
portion of Topiramate taken: Add the following:

Result = (rU/rT) × (1/F) × 100
■• LIMIT OF SULFAMATE AND SULFATErU = area of any impurity peak [NOTE—Use water with resistivity NLT 18 megohm-cm forrT = sum of the areas of all of the impurity peaks preparation of the Mobile phase, Standard solution, and Sam-and the topiramate peak ple solution.]F = relative response factor, 1.2 for topiramate relat- Buffer:  0.8 g/L of p-hydroxybenzoic acid in watered compound A and 1.0 for all the other Mobile phase:  Methanol and Buffer (2.5:97.5). Adjust withpeaks sodium hydroxide solution to a pH of 9.4 ± 0.5.Acceptance criteria:  See Impurity Table 1. Standard solution:  4.5 µg/mL of sodium sulfate and 3.0Total impurities:  NMT 0.5% µg/mL of sulfamic acid in Mobile phase from sodium sulfate,

anhydrous and sulfamic acid respectively
Impurity Table 1 Sample solution:  6.0 mg/mL of topiramate in Mobile phase

Chromatographic systemAcceptance
(See Chromatography 〈621〉, System Suitability.)Criteria,
Mode:  LCName NMT (%)
Detector:  ConductivityFructose 0.3
Column:  4.6-mm × 15-cm; 5-µm packing L47

Topiramate related compound A 0.3 Flow rate:  1.5 mL/min
Individual unknown 0.1 [NOTE—Suitable background suppression unit may be used.]

Detector temperature:  30°• PROCEDURE 3 Injection size:  70 µLMobile phase:  Methanol and water (16:34) System suitabilityStandard solution:  10 mg/mL of USP Topiramate RS and Sample:  Standard solution0.04 mg/mL of USP Topiramate Related Compound A RS in [NOTE—The relative retention time of the sulfamate peak isMobile phase 0.44 relative to the sulfate peak.]Sample solution:  10 mg/mL of Topiramate in Mobile phase Suitability requirementsChromatographic system Relative standard deviation:  NMT 15.0% for the sulfa-(See Chromatography 〈621〉, System Suitability.) mate and sulfate peaksMode:  LC AnalysisDetector:  Refractive index Samples:  Standard solution and Sample solutionColumn:  4.6-mm × 15-cm; 5-µm packing L15 Calculate the percentage of sulfate ions in the portion ofTemperature:  The column temperatures are maintained at Topiramate taken:35°.
Flow rate:  1.5 mL/min Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
Injection size:  50 µL

System suitability rU = peak response for sulfate ion from the Sample
Sample:  Standard solution solution
Suitability requirements rS = peak response for sulfate ion from the Standard
Resolution:  NLT 1.0 between topiramate related com- solution
pound A and topiramate CS = concentration of sodium sulfate in the Standard

Relative standard deviation:  NMT 2.0% for the topira- solution (mg/mL)
mate peak for six replicate injections CU = concentration of topiramate in the Sample solu-

Analysis tion (mg/mL)
Samples:  Standard solution and Sample solution Mr1 = molecular weight of sulfate anion, 96.04
Calculate the percentage of each of the impurities in the Mr2 = molecular weight of sodium sulfate, anhydrous,
portion of Topiramate taken: 142.04

Calculate the percentage of sulfamate ions in the portion of
Result = (rU/rS) × (CS/CU) × (1/F) × 100 Topiramate taken:

rU = area of any impurity peak in the Sample solution Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rS = area of the topiramate peak in the Standard so-

lution rU = peak response for sulfamate ion from the Sample
CS = concentration of USP Topiramate RS in the Stan- solution

dard solution (mg/mL) rS = peak response for sulfamate ion from the Stan-
CU = concentration of the Sample solution (mg/mL) dard solution
F = relative response factor, 1.1 for topiramate relat- CS = concentration of sulfamic acid in the Standard

ed compound A and 1.0 for all the other solution (mg/mL)
peaks CU = concentration of topiramate in the Sample solu-

Acceptance criteria tion (mg/mL)
Topiramate related compound A:  NMT 0.3% is found. Mr1 = molecular weight of sulfamate anion, 96.09
Any other individual impurity:  NMT 0.10% is found. Mr2 = molecular weight of sulfamic acid, 97.09
Total impurities detected by Procedure 3:  NMT 0.5% is Acceptance criteria:  NMT 0.1% of sulfate and NMT 0.1% of
found. sulfamate is found.■1S (USP34)

SPECIFIC TESTS ADDITIONAL REQUIREMENTS
• OPTICAL ROTATION, Specific Rotation 〈781S〉:  −28.6° to −35.0°, • PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-

measured at 20° tainers, and store at a controlled room temperature.
• LABELING:  If an Organic Impurities procedure other than Proce-

dure 2 is used, then the labeling states the test with which the
article complies. The label also states that it is a suspected
teratogen.
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• USP REFERENCE STANDARDS 〈11〉 Mode:  LC
USP Fructose RS Detector:  UV 237 nm
USP Topiramate RS Column:  4.6-mm × 25-cm; 5-µm packing L1
USP Topiramate Related Compound A RS Temperature:  30°

Flow rate:  1.0 mL/min
Injection size:  10 µL
Run time:  1.5 times the retention time of the zonisamide

BRIEFING peak
System suitability
Sample:  Standard solution
Suitability requirementsZonisamide Capsules.  Because there is no existing USP mon-

Tailing factor:  NMT 2.0ograph for this drug product, a new monograph based on sub-
Relative standard deviation:  NMT 2.0%mitted data is being proposed.

Analysis1.  The proposed liquid chromatographic procedure in the As-
Samples:  Standard solution and Sample solutionsay is based on analyses performed with the Waters Sym-
Calculate the percentage of C8H8N2O3S in the portion ofmetry C18 brand of L1 column. The typical retention time
Capsules taken:for the zonisamide peak is 6 min.

2.  The proposed liquid chromatographic procedure in the
Result = (rU/rS) × (CS/CU) × 100Dissolution test was validated using an Inertsil ODS-2 brand

of L1 column. The typical retention time for the zonisamide
rU = response of zonisamide from the Sample solutionpeak is 7 min.
rS = response of zonisamide from the Standard solu-3.  The proposed liquid chromatographic procedure in the test

tionfor Organic Impurities is based on analyses performed with
CS = concentration of USP Zonisamide RS in the Stan-an Inertsil ODS-2 or Phenomenex Luna C18 brand of L1

dard solution (mg/mL)column. The typical retention times for zonisamide and
CU = nominal concentration of zonisamide in thezonisamide related compound C are 8 and 10 min,

Sample solution (mg/mL)respectively.
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS
(MD-PP: H. Ramanathan, R. Ravichandran. BPC: M. Marques.) • DISSOLUTION 〈711〉
RTS—C64170; C68841; C76307 Medium:  Water; 900 mL

Apparatus 2:  75 rpm, with sinkers (see Figure 1)

Add the following:

■Zonisamide Capsules

DEFINITION
Zonisamide Capsules contain NLT 90.0% and NMT 110.0% of

Zonisamide (C8H8N2O3S), based on label claim.

IDENTIFICATION
Figure 1. Sinker.• The retention time of the major peak of the Sample solution

corresponds to that of the Standard solution, as obtained in
Time:  45 minthe Assay.
Determine the percentage of zonisamide dissolved using one
of the following procedures.ASSAY

Spectrophotometric procedure• PROCEDURE
Standard stock solution:  0.6 mg/mL of USP Zonisamide RSMobile phase:  Acetonitrile, methanol, and 0.1%
in methanoltrifluoroacetic acid (5:4:16)

Standard solution:  Dilute Standard stock solution with Me-Standard stock solution:  1 mg/mL of USP Zonisamide RS in
dium to obtain solutions with final concentrations as given inmethanol
Table 1.Standard solution:  0.1 mg/mL of zonisamide in Mobile

phase, from Standard stock solution
Sample stock solution:  1 mg/mL of zonisamide in methanol Table 1
from the contents of NLT 10 Capsules with Capsule shell.

Capsule Strength Final Concentration[NOTE—Sonicate and shake for 15 min.]
(mg) (µg/mL)Alternately the Sample stock solution can be prepared as

follows: 25 13
Place NLT 10 Capsules in a suitable volumetric flask. Fill 20% 50 13
of final volume with water. Stir and warm slightly for 30 min. 100 22
Dilute with Mobile phase to volume.

Sample solution:  0.1 mg/mL of zonisamide in Mobile phase, Sample solution:  10 mL of the solution under test. Dilute the
from Sample stock solution filtrate with Medium as given in Table 2.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Table 2 System suitability stock solution:  0.4 mg/mL of zonisamide
related compound C. Dissolve USP Zonisamide Related Com-

Capsule Strength Vol. of Filtrate Final Volume pound C RS first in methanol using 20% of the final volume,
(mg) (mL) (mL) and dilute with Mobile phase to volume.

25 5.0 10.0 System suitability solution:  Equal volumes of Standard stock
50 5.0 25.0 solution and System suitability stock solution

Sample stock solution:  Dissolve a suitable number of Cap-100 5.0 25.0
sules (NLT 10) first in water using 20% of the final volume,

Detector:   UV and dilute with Mobile phase to volume, to obtain a solution
Analytical wavelength:  241 nm with a concentration as given in Table 3.
Cell:  1 cm
Blank:   Medium Table 3
Analysis:  Standard solution and Sample solution
 Calculate the percentage of zonisamide dissolved: Capsule Strength Final Concentration

(mg) (mg/mL)
Result = (AU/AS) × (CS/L) × V × 100 25 2

50 2AU = absorbance from the Sample solution
100 4AS = absorbance from the Standard solution

CS = concentration of USP Zonisamide RS in the Stan-  [NOTE—Stir and warm slightly for 30 min to dissolve thedard solution (mg/mL) Capsules.]L = Capsule label claim (mg) Sample solution:  0.32 mg/mL of zonisamide in MobileV = volume of Medium, 900 mL phase, from Sample stock solutionChromatographic procedure Chromatographic systemBuffer:   Dilute 52 mL of 40% tetrabutylammonium hydrox- (See Chromatography 〈621〉, System Suitability.)ide solution with 948 mL of water. Adjust with phosphoric Mode:  LCacid to a pH of 7.5. Detector:  UV 238 nmMobile phase:  Acetonitrile, methanol, and Buffer (5:1:14) Column:  4.6-mm × 25-cm; 5-µm packing L1Standard stock solution:  0.4 mg/mL of USP Zonisamide RS Flow rate:  1.0 mL/minprepared as follows: dissolve USP Zonisamide RS first in Injection size:  20 µLacetonitrile, using 20% of final volume. Dilute with Medium Run time:  Six times the retention time of the zonisamideto volume. peakStandard solution:  Dilute Standard stock solution with Me- System suitabilitydium to obtain a final concentration of about L/1000 mg/mL, Samples:  Standard solution and System suitability solutionwhere L is the Capsule label claim in mg. Suitability requirementsSample solution:  Pass a portion of the solution under test Resolution:  NLT 2.0 between zonisamide and zonisamidethrough a suitable 0.45-µm filter. related compound C, System suitability solutionChromatographic system Tailing factor:  NMT 1.5 for the zonisamide peak, System(See Chromatography 〈621〉, System Suitability.) suitability solutionMode:  LC Relative standard deviation:  NMT 5.0%, StandardDetector:  UV 238 nm solutionColumn:  4.6-mm × 25-cm; 5-µm packing L1 AnalysisFlow rate:  1.0 mL/min Samples:  Standard solution and Sample solutionInjection size:  10 µL Calculate the percentage of each impurity in the portion ofSystem suitability Capsules taken:Sample:  Standard solution
Suitability requirements Result = (rU/rS) × (CS/CU) × 100Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 3.0% rU = peak response of each individual impurity from

 Calculate the percentage of zonisamide dissolved: the Sample solution
rS = peak response of zonisamide from the StandardResult = (rU/rS) × (CS/L) × V × 100 solution
CS = concentration of USP Zonisamide RS in the Stan-rU = peak response from the Sample solution dard solution (mg/mL)rS = peak response from the Standard solution CU = nominal concentration of zonisamide in theCS = concentration of USP Zonisamide RS in the Stan- Sample solution (mg/mL)dard solution (mg/mL) Acceptance criteriaL = Capsule label claim (mg) [NOTE—Disregard any peak below 0.1%.]V = volume of Medium, 900 mL Individual impurities:  See Impurity Table 1.Tolerances:  NLT 70% (Q) of the labeled amount of Total impurities:  NMT 0.5%C8H8N2O3S is dissolved.

• UNIFORMITY OF DOSAGE UNITS 〈905〉:   Meet the requirements
Impurity Table 1

IMPURITIES
Relative AcceptanceOrganic Impurities

Retention Criteria,• PROCEDURE
Name Time NMT (%)Buffer:  Dilute 52 mL of 40% tetrabutylammonium hydrox-

Zonisamide 1.0 —ide solution with 948 mL of water. Adjust with phosphoric
acid to a pH of 7.5. Zonisamide related compound 1.3 —

Mobile phase:  Acetonitrile, methanol, and Buffer (5:1:14) Ca*
Standard stock solution:  0.32 mg/mL of USP Zonisamide Dimethyl zonisamideb 1.6 0.2
RS. Dissolve first in acetonitrile using 20% of the final vol-

a N’-(Benzisoxazol-3-ylmethylsulfonyl)-N,N-dimethylformimidamide.ume, and dilute with Mobile phase to volume.
b 1-Benzisoxazol-3-yl-N,N-dimethylmethanesulfonamide.Standard solution:  0.32 µg/mL of zonisamide in Mobile
c 1,2-Benzisoxazole-3-methane sulfonic acid.phase, from Standard stock solution
* For identification and system suitability purposes.
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Impurity Table 1 (continued) DEFINITION

Relative Acceptance
Change to read:Retention Criteria,

Name Time NMT (%)
Zonisamide related compound Ac 2.5 0.2 Ademetionine Disulfate Tosylate■S-Adenosyl-L-methionine Disul-
Any individual unspecified impu- — 0.2 fate Tosylate■1S (USP34) is the disulfate–tosylate mixed salt of a
rity mixture of diastereoisomers of the ademetionine■S-adenosyl-L-

a N’-(Benzisoxazol-3-ylmethylsulfonyl)-N,N-dimethylformimidamide. methionine■1S (USP34) ion. It contains NLT 95.0% and NMT
b 1-Benzisoxazol-3-yl-N,N-dimethylmethanesulfonamide. 105.0% of ademetionine■S-adenosyl-L-methionine■1S (USP34)
c 1,2-Benzisoxazole-3-methane sulfonic acid. (C15H23N6O5S+), calculated on the anhydrous basis.
* For identification and system suitability purposes.

IDENTIFICATION
ADDITIONAL REQUIREMENTS • A. INFRARED ABSORPTION 〈197K〉
• PACKAGING AND STORAGE:  Preserve in tight containers and pro-

tected from light. Store at controlled room temperature.
Change to read:• USP REFERENCE STANDARDS 〈11〉

USP Zonisamide RS
USP Zonisamide Related Compound C RS

• B.  The retention time of the major peak of the Sample solu-[N’-(Benzisoxazol-3-ylmethylsulfonyl)-N,N-
tion corresponds to that of ademetionine■S-adenosyl-L-me-dimethylformimidamide]
thionine■1S (USP34) in the System suitability solution, as obtained(C11H13N3O3S 267.30)■1S (USP34)
in the Assay.

COMPOSITION

DIETARY SUPPLEMENTS— Change to read:

MONOGRAPHS
• PROCEDURE

Solution A:  10 mL of glacial acetic acid in 500 mL of water.
Add 2.06 g of sodium 1-hexanesulfonate, and dilute with
water to 1000 mL.

Mobile phase:  Acetronitrile and Solution A (15:85)
BRIEFING System suitability solution:  400 µg/mL each of USP Ademe-

tionine Disulfate Tosylate RS■USP S-Adenosyl-L-methionine Di-
sulfate Tosylate RS■1S (USP34) and USP S-Adenosyl-L-Homocys-
teine RSAdemetionine Disulfate Tosylate,  USP 32 page 961. It is

Standard solution A:  400 µg/mL of USP S-Adenosyl-L-Homo-proposed to change the title of this monograph to S-Adenosyl-L-
cysteine RSmethionine Disulfate Tosylate. The new title is more consistent

Standard solution B:  200 µg/mL from Standard solution Awith labeling of the products on the market and better defines
Standard solution C:  80 µg/mL from Standard solution Athis dietary supplement substance.
Sample solution:  20 mg of Ademetionine Disulfate Tosylate

■S-Adenosyl-L-methionine Disulfate Tosylate■1S (USP34) in 40 mL
of water. Stir for 30 min, then dilute with water to 50 mL.

(NOM:  A. Wilk.) RTS—C84226 Transfer 1.0 mL of the solution to a 1.5-mL microcentrifuge
tube, and centrifuge for 1 min. Use a portion of the
supernatant.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LCChange to read:
Detector:  UV 260 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1
Flow rate:  1 mL/minAdemetionine Disulfate Tosylate■S-
Injection size:  10 µLAdenosyl-L-methionine Disulfate

System suitabilityTosylate■1S (USP34) Samples:  System suitability solution and Standard solution B
[NOTE—The relative retention times for S-adenosyl-L-homo-
cysteine and ademetionine disulfate tosylate■S-adenosyl-L-
methionine disulfate tosylate■1S (USP34) are about 0.68 and
1.0, respectively.]

Suitability requirements
Resolution:  NLT 1.5 between S-adenosyl-L-homocysteine
and ademetionine■S-adenosyl-L-methionine■1S (USP34)C22H34N6O16S4 766.80

Tailing factor:  NMT 1.5, Standard solution BS-(Adenosyl)-L-methionine disulfate tosylate;
Relative standard deviation:  NMT 2.0% for S-adenosyl-L-(3S)-5′-[(3-Amino-3-carboxypropyl)methylsulfonio]-5′-deoxyade-
homocysteine, Standard solution Bnosine, disulfate-methylbenzenesulfonate [29908-08-0].

Analysis
Samples:  Standard solution A, Standard solution B, Standard
solution C, and Sample solution
[NOTE—Record the chromatograms, and measure the area of
the S-adenosyl-L-homocysteine peak in all three Standard so-
lutions and the ademetionine disulfate tosylate■S-adenosyl-L-
methionine disulfate tosylate■1S (USP34) peak in the Sample
solution.]
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Plot a calibration curve of the peak area of the Standard solu- Acceptance criteria:  23.5%–26.5%
tions versus the corresponding S-adenosyl-L-homocysteine

IMPURITIESconcentration, in mg/mL, and draw the straight line best
Inorganic Impuritiesfitting the three points. From the calibration curve, and us-
• HEAVY METALS, Method I 〈231〉:  NMT 20 ppming the peak area of ademetionine■S-adenosyl-L-methion-

ine■1S (USP34) from the chromatogram from the Sample solu- SPECIFIC TESTStion, determine the concentration, C, in mg/mL, of • PH 〈791〉:  1.0–2.0, in an aqueous solution (1 in 20)ademetionine■S-adenosyl-L-methionine■1S (USP34) as • WATER DETERMINATION, Method Ia 〈921〉:  NMT 3.0%S-adenosyl-L-homocysteine in the Sample solution.
Calculate the percentage of C15H23N6O5S+ in the portion of
Ademetionine Disulfate Tosylate■S-Adenosyl-L-methionine Change to read:
Disulfate Tosylate■1S (USP34) taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 • ISOMERIC RATIO
Solution A:  Transfer 4.2 g of citric acid monohydrate and

rU = peak area of sulfate from the Sample solution 2.03 g of sodium dihydrogen phosphate dihydrate to a 1-L
rS = peak area of sulfate from the Standard solution volumetric flask, and dissolve in and dilute with water to
CS = concentration of the Standard solution (mg/mL) volume.
CU = concentration of the Sample solution (mg/mL) Mobile phase:  4.0 g of sodium dodecyl sulfate and 440 mL
Mr1 = molecular weight of ademetionine■S-adenosyl-L- of acetonitrile. Dilute with Solution A to 1 L.

methionine,■1S (USP34) 399.44 Standard solution:  1.0 mg/mL of USP Ademetionine Disul-
Mr2 = molecular weight of S-adenosyl-L-homocysteine, fate Tosylate RS■USP S-Adenosyl-L-methionine Disulfate Tosyl-

384.41 ate RS■1S (USP34)
Acceptance criteria:  95.0%–105.0% on the anhydrous basis Sample solution:  1 mg/mL of Ademetionine Disulfate Tosyl-

ate■S-Adenosyl-L-methionine Disulfate Tosylate■1S (USP34)
OTHER COMPONENTS Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
Mode:  LCChange to read:
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

• CONTENT OF SULFATE Flow rate:  1.2 mL/min
Mobile phase:  8.0 mM sodium carbonate and 1.0 mM so- Injection size:  20 µL
dium bicarbonate in water System suitability

Standard solution:  0.18 mg/mL of potassium sulfate Sample:  Standard solution
Sample solution:  0.5 mg/mL of Ademetionine Disulfate To- [NOTE—The relative retention times for R,S-isomers and S,S-
sylate■S-Adenosyl-L-methionine Disulfate Tosylate■1S (USP34) isomers are about 0.94 and 1.0, respectively.]

Chromatographic system Suitability requirements
(See Chromatography 〈621〉, System Suitability.) Resolution:  NLT 1.0 between the S,S-isomer and the R,S-
Mode:  LC isomer
Detector:  Ion detector with suppressed conductivity Analysis
Column:  4.0-mm × 25-cm; 7-µm packing L46 Samples:  Standard solution and Sample solution
Column temperature:  30° Identify the peaks of the S,S- and R,S-isomers of the Sample
Flow rate:  1 mL/min solution by comparison with the Standard solution, and cal-
Injection size:  25 µL culate the percentage of the S,S-isomer:

System suitability
Result = [RSS/(RSS + RRS)] × 100Sample:  Standard solution

Suitability requirements
RSS = areas of the peaks corresponding to the S,S-iso-Column efficiency:  NLT 8200 theoretical plates

mer in the Sample solutionTailing factor:  NMT 1.5
RRS = areas of the peaks corresponding to the R,S-iso-Relative standard deviation:  NMT 1.0%

mer in the Sample solutionAnalysis
Acceptance criteria:  NLT 60% and NLT the labeled amountSamples:  Standard solution and Sample solution
of the S,S-isomer[NOTE—Record the chromatograms, and measure the area of

the sulfate peak.] ADDITIONAL REQUIREMENTSCalculate the percentage of sulfate in the portion of Ademe- • PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-tionine Disulfate Tosylate■S-Adenosyl-L-methionine Disulfate tainers, and store in a refrigerator.Tosylate■1S (USP34) taken: • LABELING:  Label it to indicate the minimum content of S,S-
isomer, in percentage.Result = (rU/rS) × (CS/CU) × 100

rU = peak response of sulfate from the Sample solution Change to read:
rS = peak response of sulfate from the Standard solu-

tion
CS = concentration of potassium sulfate in the Stan- • USP REFERENCE STANDARDS 〈11〉

dard solution (mg/mL) USP Ademetionine Disulfate Tosylate RS■USP S-Adenosyl-L-
CU = concentration of Ademetionine Disulfate Tosylate methionine Disulfate Tosylate RS■1S (USP34)

■S-Adenosyl-L-methionine Disulfate Tosy- USP S-Adenosyl-L-Homocysteine RS
late■1S (USP34) in the Sample solution (mg/mL)
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category,
NF 27 page 1143, page 4200 of the Second Supplement, and
page 183 of PF 36(1) [Jan.–Feb. 2010]. It is proposed to add
Betadex Sulfobutyl Ether Sodium to the Complexing Agent, Se-
questering Agent, and Wetting and/or Solubilizing Agent cate-
gories and Polyglyceryl 3 Diisostearate to the Emulsifying and/or
Solubilizing Agent and Ointment Base categories to complement
the proposed new monographs for Betadex Sulfobutyl Ether So-
dium and Polyglyceryl 3 Diisostearate, which appear elsewhere in
this issue of PF.

(EM1; EM2) RTS—C75511; C66223

In the following reference table, the grouping of excipients by
functional category is intended to summarize the most typically
identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is
not comprehensive. The statement of category is intended nei-
ther to limit in any way the choice or use of the substance nor to
indicate that it has no other utility.

Change to read:

Antimicrobial Preservative

Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Butylparaben

~

Calcium Propionate~NF28

Cetrimonium Bromide
Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Cresol
Dehydroacetic Acid
~

Erythorbic Acid~NF27

Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol
Phenoxyethanol
Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparaben
Propylparaben Sodium
Sodium Benzoate
Sodium Dehydroacetate
Sodium Propionate
Sorbic Acid
Thimerosal
Thymol

Change to read:

Antioxidant

Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene

Stannous Chloride
~

Erythorbic Acid~NF27
Hypophosphorous Acid

&Lactobionic Acid&2S (NF28)

Monothioglycerol
Potassium Metabisulfite
Propyl Gallate
Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate
Sulfur Dioxide
Tocopherol
Tocopherols Excipient

Change to read:

Buffering Agent

Acetic Acid
Adipic Acid
Ammonium Carbonate
Ammonium Phosphate
Boric Acid
Citric Acid, Anhydrous
Citric Acid Monohydrate

&Alpha-Lactalbumin&2S (NF28)

Lactic Acid
Phosphoric Acid
Potassium Citrate
Potassium Metaphosphate
Potassium Phosphate, Dibasic
Potassium Phosphate, Monobasic
Sodium Acetate
Sodium Citrate
Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Succinic Acid

Change to read:

Bulking Agent for Freeze-Drying

Creatinine

&Alpha-Lactalbumin&2S (NF28)

Mannitol
Polydextrose

&Hydrogenated Polydextrose&2S (NF28)

Pullulan
&Trehalose&2S (NF27)

Change to read:

Coating Agent

Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose, Sodium

~

Enzymatically-Hydrolyzed Carboxymethylcellulose

Sodium~NF28
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Cellaburate
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate
Cellulose Acetate Phthalate (see Cellacefate)

&Chitosan&2S (NF28)

Coconut Oil
&Hydrogenated Coconut Oil&1S (NF27)
Copovidone
Corn Syrup Solids
Ethyl Acrylate and Methyl Methacrylate Copolymer Disper-
sion
Ethylcellulose
Ethylcellulose Aqueous Dispersion

&E thy lene Glyco l and Viny l A l coho l Gra f t

Copolymer&1S (NF28)

Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hydroxypropyl Methylcellulose Phthalate (see Hypromel-
lose Phthalate)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Hypromellose Phthalate (formerly Hydroxypropyl Methyl-
cellulose Phthalate)

&Alpha-Lactalbumin&2S (NF28)

Maltodextrin

& M e t h a c r y l i c A c i d a n d E t h y l A c r y l a t e

Copolymer&2S (NF28)

&Partially-Neutralized Methacrylic Acid and Ethyl

Acrylate Copolymer&2S (NF28)

&Methacryl ic Acid and Methyl Methacrylate

Copolymer&2S (NF28)

Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion
Methylcellulose
Palm Kernel Oil
&Palm Oil&2S (NF27)
&Hydrogenated Palm Oil&1S (NF27)

&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Glycol

~Polyvinyl Acetate~NF28

~

Polyvinyl Acetate Dispersion~NF28

Polyvinyl Acetate Phthalate
Pullulan
Fully Hydrogenated Rapeseed Oil
Superglycerinated Fully Hydrogenated Rapeseed Oil
Shellac
Starch, Pregelatinized Modified
Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein

Change to read:

Coloring Agent

~

Aluminum Oxide~NF29

Change to read:

Complexing Agent

&Betadex Sulfobutyl Ether Sodium&1S (NF29)

Edetate Calcium Disodium
Edetate Disodium
Edetic Acid

&Alpha-Lactalbumin&2S (NF28)

Oxyquinoline Sulfate

Change to read:

Desiccant

Calcium Chloride
Calcium Sulfate

~

Polyvinyl Acetate~NF28

Silicon Dioxide

Change to read:

Emollient

Alkyl (C12-15) Benzoate

~

Butyl Stearate~NF29

Hydrogenated Soybean Oil
Hydrogenated Polydecene
Oleyl Oleate

Change to read:

Emulsifying and/or Solubilizing Agent

Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol
Stannous Chloride
Coconut Oil

~

Desoxycholic Acid~NF28

Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates
Gamma Cyclodextrin
Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate

&Alpha-Lactalbumin&2S (NF28)

Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
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Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
Oleyl Oleate
Palm Kernel Oil
&Palm Oil&2S (NF27)

Poloxamer

&Polyglyceryl 3 Diisostearate&1S (NF29)

Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Propylene Glycol Monostearate
Superglycerinated Fully Hydrogenated Rapeseed Oil
Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearic Acid

&Sucrose Stearate&1S (NF28)

Trolamine
Wax, Emulsifying

Change to read:

Film-Forming Agent

&Chitosan&2S (NF28)

& M e t h a c r y l i c A c i d a n d E t h y l A c r y l a t e

Copolymer&2S (NF28)

&Partially-Neutralized Methacrylic Acid and Ethyl

Acrylate Copolymer&2S (NF28)

&Methacryl ic Acid and Methyl Methacrylate

Copolymer&2S (NF28)

Change to read:

Flavors and Perfumes

Almond Oil
Anethole
Benzaldehyde

&Diethyl Sebacate&2S (NF28)

Ethyl Acetate
Ethyl Vanillin

&L-Glutamic Acid, Hydrochloride&2S (NF28)

Lactitol
Maltol
Menthol
Methyl Salicylate
Monosodium Glutamate
Peppermint
Peppermint Oil
Peppermint Spirit
Rose Oil
Rose Water, Stronger
Thymol
Vanillin

Change to read:

Humectant

Corn Syrup Solids
Erythritol
Glycerin
Hexylene Glycol
Inositol
Maltitol
Polydextrose

&Hydrogenated Polydextrose&2S (NF28)

Propylene Glycol
Sorbitol
Sorbitol Sorbitan Solution

&Hydrogenated Starch Hydrolysate&2S (NF28)

Tagatose

Change to read:

Ointment Base

Caprylocaproyl Polyoxylglycerides
Diethylene Glycol Monoethyl Ether
Hydrogenated Polydecene
Lanolin
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Ointment, Hydrophilic
Ointment, White
Ointment, Yellow
Oleoyl Polyoxylglycerides
Polyethylene Glycol Monomethyl Ether

&Polyglyceryl 3 Diisostearate&1S (NF29)

Petrolatum
Petrolatum, Hydrophilic
Petrolatum, White
Rose Water Ointment
Squalane
Stearoyl Polyoxylglycerides
Vegetable Oil, Hydrogenated, Type II

Change to read:

Sequestering Agent

Beta Cyclodextrin (see Betadex)
Betadex (formerly Beta Cyclodextrin)

&Betadex Sulfobutyl Ether Sodium&1S (NF29)
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Hydroxypropyl Betadex
Gamma Cyclodextrin
Pullulan
Sodium Tartrate

Change to read:

Solvent

Acetone
Alcohol
Alcohol, Diluted
Amylene Hydrate
Benzyl Benzoate
Butyl Alcohol
Canola Oil
Caprylocaproyl Polyoxylglycerides
Corn Oil
Cottonseed Oil
Diethylene Glycol Monoethyl Ether
Ethyl Acetate
Glycerin
Hexylene Glycol
Hydrogenated Polydecene
Isopropyl Alcohol
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Methyl Alcohol
Methylene Chloride
Methyl Isobutyl Ketone

&Methylpyrrolidone&2S (NF28)

Mineral Oil
Oleoyl Polyoxylglycerides
Peanut Oil
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol
Sesame Oil
Stearoyl Polyoxylglycerides
Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified

Change to read:

Stiffening Agent

Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Esters Wax
Cetyl Palmitate
Hard Fat

&Alpha-Lactalbumin&1S (NF28)

Paraffin
Synthetic Paraffin
Fully Hydrogenated Rapeseed Oil
Superglycerinated Fully Hydrogenated Rapeseed Oil
Stearyl Alcohol
Wax, Emulsifying
Wax, White
Wax, Yellow

Change to read:

Suspending and/or Viscosity-Increasing Agent

Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12

~

Enzymatically-Hydrolyzed Carboxymethylcellulose

Sodium~NF28

~

Carmellose~NF28

Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose

Sodium

&Chitosan&2S (NF28)

~

Corn Syrup~NF27
Corn Syrup Solids
Dextrin
Gelatin
Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)

&Alpha-Lactalbumin&1S (NF28)

Magnesium Aluminum Silicate
Maltodextrin
Methylcellulose
Pectin

&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate
Pullulan
Hydrophobic Colloidal Silica
Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn

~

Starch, Pea~NF28
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Starch, Potato
Starch, Tapioca
Starch, Wheat

&Sucrose Palmitate&1S (NF28)

Tragacanth
Xanthan Gum

Change to read:

Sweetening Agent

Acesulfame Potassium
Aspartame
Aspartame Acesulfame
~

Corn Syrup~NF27

Corn Syrup Solids
High Fructose Corn Syrup
Dextrates
Dextrose
Dextrose Excipient
Erythritol
Fructose
Galactose
Maltitol
Maltose
Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution

&Hydrogenated Starch Hydrolysate&2S (NF28)

Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup
Tagatose
&Trehalose&2S (NF27)

Change to read:

Tablet Binder

Acacia
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
&Silicified Microcrystalline Cellulose&2S (NF27)
&Hydrogenated Coconut Oil&1S (NF27)

Copovidone
~

Corn Syrup~NF27

Corn Syrup Solids
Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer

Dispersion
Ethylcellulose

&E thy lene G lyco l and Viny l A lcoho l Gra f t

Copolymer&1S (NF28)

Gelatin
Glucose, Liquid
Guar Gum

Low-Substituted Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate

&Alpha-Lactalbumin&1S (NF28)

Maltodextrin
Maltose
Methylcellulose
&Hydrogenated Palm Oil&1S (NF27)

&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Oxide

~

Polyvinyl Acetate~NF28

Povidone
Pullulan
Starch, Corn

&Hydrogenated Starch Hydrolysate&2S (NF28)

~

Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Syrup
&Trehalose&2S (NF27)

Change to read:

Tablet and/or Capsule Diluent

Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
&Silicified Microcrystalline Cellulose&2S (NF27)

Cellulose, Powdered
~

Corn Syrup~NF27

Corn Syrup Solids
Dextrates
Dextrin
Dextrose Excipient
Fructose
Kaolin

&Alpha-Lactalbumin&1S (NF28)

Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
Mannitol
Propylene Glycol Monocaprylate
Pullulan
Sorbitol
Starch
Starch, Corn

&Hydrogenated Starch Hydrolysate&2S (NF28)

~

Starch, Pea~NF28

Starch, Potato
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Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
&Trehalose&2S (NF27)

Change to read:

Tablet Disintegrant

Alginic Acid
Cellulose, Microcrystalline
&Silicified Microcrystalline Cellulose&2S (NF27)

Croscarmellose Sodium
Crospovidone
Low-Substituted Hydroxypropyl Cellulose
Maltose
Polacrilin Potassium
Pullulan
Sodium Starch Glycolate
Starch
Starch, Corn

~

Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
&Trehalose&2S (NF27)

Change to read:

Tablet and/or Capsule Lubricant

&Behenoyl Polyoxylglycerides&2S (NF27)

Calcium Stearate
&Hydrogenated Coconut Oil&1S (NF27)
Glyceryl Behenate
Magnesium Stearate
Mineral Oil, Light
&Hydrogenated Palm Oil&1S (NF27)

Polyethylene Glycol
Polyoxyl 10 Oleyl Ether

~

Polyoxyl 15 Hydroxystearate~NF28

Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Sodium Lauryl Sulfate
Sodium Stearyl Fumarate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate

Starch
Stearic Acid
Stearic Acid, Purified

&Sucrose Stearate&1S (NF28)

Talc
Vegetable Oil, Hydrogenated, Type I
Zinc Stearate

Change to read:

Vehicle

FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
Corn Syrup Solids
Dextrose
&Ethyl Maltol&2S (NF27)

Peppermint Water
Sorbitol Solution
Syrup
&Trehalose&2S (NF27)

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
Canola Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Hydrogenated Polydecene
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil

~Polyoxyl 15 Hydroxystearate~NF28

Safflower Oil
Sesame Oil
Soybean Oil
Squalane

SOLID CARRIER

&Chitosan&2S (NF28)

Corn Syrup Solids

&Alpha-Lactalbumin&1S (NF28)

Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Sugar Spheres

STERILE

~

rAlbumin Human~NF27
Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic
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Change to read:

Wetting and/or Solubilizing Agent

Benzalkonium Chloride
Benzethonium Chloride

&Betadex Sulfobutyl Ether Sodium&1S (NF29)

Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer
Polyoxyl 10 Oleyl Ether

~

Polyoxyl 15 Hydroxystearate~NF28

Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Pullulan
Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
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ADDITIONAL REQUIREMENTSNF MONOGRAPHS • PACKAGING AND STORAGE:  Preserve in tight containers, in a
cool, dry place.

Add the following:

BRIEFING
■• USP REFERENCE STANDARDS 〈11〉

USP Ascorbyl Palmitate RS■1S (NF29)

Ascorbyl Palmitate,  NF 27 page 1167. As part of USP
modernization efforts, it is proposed to add an infrared
spectroscopy identification test. The USP Reference Standards BRIEFING
section has also been included to reflect the addition of USP
Ascorbyl Palmitate RS. Interested parties are encouraged to
comment on the proposal. Betadex Sulfobutyl Ether Sodium.  Because there is no ex-

isting NF monograph for this excipient, a new monograph,
based on validated methods of analysis, is being proposed. The

(EM1: R. Lafaver.) RTS—C73549 size-exclusion HPLC procedure in the Assay is based on analyses
performed using the Phenomenex PolySep-GFC-P 3000 brand of
L37 column; Betadex Sulfobutyl Ether Sodium elutes at approxi-
mately 8 min on this system.

Ascorbyl Palmitate The ion chromatography (IC) procedures in the tests for Limit of
Beta Cyclodextrin (Betadex), Limit of 4-Hydroxybutane-1-Sulfonic
Acid, and Limit of Bis(4-Sulfobutyl) Ether Disodium are based on
analyses performed using the Dionex IonPac AS11 brand of L61
column. On each individual IC system, betadex elutes at ap-
proximately 2 min; 4-hydroxybutane-1-sulfonic acid elutes at
approximately 2.5 min; and bis(4-sulfobutyl) ether disodium
elutes at approximately 3.5 min. The IC procedure in the test
for Limit of Sodium Chloride is based on analyses performed us-

C22H38O7 414.53 ing the Dionex Omnipac PAX-100 brand of L50 column. The
L-Ascorbic acid, 6-hexadecanoate; chloride ion elutes at approximately 5 min on the system.
L-Ascorbic acid 6-palmitate [137-66-6]. The GC procedure in the test for Limit of 1,4-Butane Sultone is

based on analyses performed using the Scientific Glass Engi-DEFINITION
neering BP-10 brand of G46 column. 1,4-Butane sultone ap-Ascorbyl Palmitate contains NLT 95.0% and NMT 100.5% of
pears at approximately 8 min.C22H38O7, calculated on the dried basis.

IDENTIFICATION
• A. PROCEDURE (EM2: H. Wang. NOM: A. Wilk. MSA: R. Tirumalai.) RTS—

Sample solution:  40 mg/mL in alcohol C66223
Analysis:  To 25 mL of Sample solution add 1 mL of a 1-
in-1000 solution of 2,6-dichlorophenol-indophenol sodium in
alcohol.

Acceptance criteria:  The blue color of the 2,6-
dichlorophenol–indophenol sodium solution is discharged

Add the following:immediately.

Add the following: ■Betadex Sulfobutyl Ether Sodium

■• B. INFRARED ABSORPTION 〈197K〉■1S (NF29)

ASSAY
• PROCEDURE

Sample solution:  Dissolve 300 mg of Ascorbyl Palmitate in
50 mL of alcohol, and add 30 mL of water.

Analysis:  Immediately titrate the Sample solution with 0.1 N
iodine VS to a yellow color that persists for NLT 30 s. Each mL
of 0.1 N iodine is equivalent to 20.73 mg of C22H38O7.

Acceptance criteria:  95.0%–100.5% on the dried basis

IMPURITIES
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%

 • HEAVY METALS, Method II 〈231〉:  NMT 10 ppm

C42H70-nO35 · (C4H8SO3Na)nSPECIFIC TESTS
• MELTING RANGE OR TEMPERATURE 〈741〉:  107°–117° 2163 when n = 6.5
• OPTICAL ROTATION, Specific Rotation 〈781S〉:  +21° to +24°

Beta Cyclodextrin Sulfobutyl Ethers, Sodium Salts;Sample solution:  100 mg/mL, in methanol
Beta Cyclodextrin Sulfobutyl Ether Sodium [182410-00-0].• LOSS ON DRYING 〈731〉:  Dry a sample in a vacuum at 60° for 1

h: it loses NMT 2.0% of its weight.
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DEFINITION Chromatographic system
Betadex Sulfobutyl Ether Sodium is prepared by alkylation of (See Chromatography 〈621〉, System Suitability and Ion Chro-

betadex using 1,4-butane sultone under basic conditions. The matography 〈1065〉.)
average degree of substitution in betadex is NLT 6.2 and NMT Mode:  IC
6.9. It contains NLT 95.0% and NMT 105.0% of C42H70-nO35 · Detector:  Conductivity
(C4H8SO3Na)n (n = 6.2–6.9), calculated on the anhydrous basis. Column:  4.0-mm × 5.0-cm anion-exchange guard col-

umn, packing L50; 4.0-mm × 25-cm anion-exchange ana-
IDENTIFICATION lytical column, packing L50. [NOTE—At the end of each
• A. INFRARED ABSORPTION 〈197K〉 run, clean the column using Column wash solution A at a
• B.  The retention time of the major peak of the Sample solu- flow rate of 1 mL/min for 30 min, then using Column wash

tion corresponds to that of the Standard solution, as obtained solution B at the same flow rate for 30 min.]
in the Assay. Column temperature:  Ambient

• C.  It meets the requirements of test for Average Degree of Suppressor:  Micromembrane anion autosuppressor1 
Substitution.  or a suitable chemical suppression system

• D. IDENTIFICATION TESTS—GENERAL, Sodium 〈191〉 Suppression:  Use the Suppressant for chemical
suppression.ASSAY Suppressant flow rate:  1–2 mL/min• PROCEDURE Flow rate:  1.0 mL/minMobile phase:  0.1 M potassium nitrate in a mixture of Injection size:  20 µLacetonitrile and water (1:4) Run time:  10 minStandard solution:  10 mg/mL of USP Betadex Sulfobutyl System suitabilityEther Sodium RS, in Mobile phase Sample:  Standard solutionSample solution:  10 mg/mL of Betadex Sulfobutyl Ether So- Suitability requirementsdium, in Mobile phase Relative standard deviation:  NMT 5.0%Chromatographic system Tailing factor:  1.0–1.6 for the sodium chloride peak(See Chromatography 〈621〉, System Suitability.) AnalysisMode:  LC Samples:  Standard solution and Sample solutionDetector:  Refractive index Calculate the percentage of sodium chloride in the portionDetector temperature:  35 ± 2° of Betadex Sulfobutyl Ether Sodium taken:Column:  7.8-mm × 30-cm analytical column; packing L37.

[NOTE—Rinse the column with a solution of acetonitrile and Result = (rU/rS) × (CS/CU) × F × 100
water (1:9) at the completion of the run series.]

Flow rate:  1.0 mL/min rU = peak response for chloride ion from the Sample
Injection size:  20 µL solution

System suitability rS = peak response for chloride ion from the Stan-
Sample:  Standard solution dard solution
Suitability requirements CS = concentration of USP Sodium Chloride RS in the

Relative standard deviation:  NMT 2.0% Standard solution (µg/mL)
Analysis CU = concentration of Betadex Sulfobutyl Ether Sodi-
Samples:  Standard solution and Sample solution um in the Sample solution (mg/mL)
Calculate the percentage of C42H70-nO35 · (C4H8SO3Na)n in the F = conversion factor (10-3 mg/µg)
portion of Betadex Sulfobutyl Ether Sodium taken: Acceptance criteria:  NMT 0.2% for sodium chloride

Organic Impurities
Result = (rU/rS) × (CS/CU) × 100 • PROCEDURE 1: LIMIT OF BETA CYCLODEXTRIN (BETADEX)

Solution A:  25 mM sodium hydroxiderU = peak response for betadex sulfobutyl ether sodi- Solution B:  250 mM sodium hydroxide and 1 M potassiumum from the Sample solution nitraterS = peak response for betadex sulfobutyl ether sodi- Mobile phase:  See the gradient table below.um from the Standard solution
CS = concentration of USP Betadex Sulfobutyl Ether

Sodium RS in the Standard solution (mg/mL) Time Solution A Solution B
CU = concentration of Betadex Sulfobutyl Ether Sodi- (min) (%) (%)

um in the Sample solution (mg/mL) 0 100 0
Acceptance criteria:  95.0%–105.0% on the anhydrous basis 4 100 0

5 0 100IMPURITIES
10 0 100Inorganic Impurities

• HEAVY METALS, Method II 〈231〉:  NMT 5 ppm 11 100 0
• LIMIT OF SODIUM CHLORIDE 20 100 0

Mobile phase:  4.0 mM sodium hydrogen carbonate in a
mixture of methanol and water (1:9) Standard solution:  2 µg/mL of USP Beta Cyclodextrin RS

Suppressant:  12.5 mM sulfuric acid Sample solution:  2 mg/mL of Betadex Sulfobutyl Ether
Column wash solution A:  50 mM trisodium citrate Sodium
Column wash solution B:  150 mM sodium hydroxide Chromatographic system
Standard solution:  Weigh 100.0 mg ± 3.0 mg of USP So- (See Chromatography 〈621〉, System Suitability and Ion Chro-
dium Chloride RS into a 25-mL volumetric flask. Dissolve in matography 〈1065〉.)
and dilute with water to volume. Pipet 2.0 mL of the solu- Mode:  IC
tion so obtained into a 100-mL volumetric flask, and dilute Detector:  Pulsed amperometry (amperometric cell with
with Mobile phase to volume. Pipet 2.0 mL of this solution gold working electrode and silver reference electrode)
into a 100-mL volumetric flask, and dilute with Mobile phase Column:  4.0-mm × 5-cm anion-exchange guard column,
to volume. The solution contains 1.6 µg/mL of sodium packing L61; 4.0-mm × 25-cm anion-exchange analytical
chloride. column, packing L61

Sample solution:  1 mg/mL of Betadex Sulfobutyl Ether So-
1Available as Anion Self-Regenerating Suppressor (ASRS) from Dionex Inc, ordium in Mobile phase
equivalent.
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Column temperature:  50 ± 2° Current:  100 mA
Flow rate:  1.0 mL/min Suppression:  Suppression is electrical.
Injection size:  20 µL Suppressant flow rate:  2 mL/min
Waveform for pulsed amperometric detector:  See the Flow rate:  1.0 mL/min
waveform program in Table 1. Injection size:  20 µL

Run time:  35 min
System suitabilityTable 1

Samples:  Standard solution and Resolution solution
Time Voltage [NOTE—The relative retention times for 4-hydroxybutane-1-
(s) (V) sulfonic acid and the chloride ion are 1.0 and 1.6,

respectively.]0.00 0.10
Suitability requirements0.30 Start Integration
Resolution:  NLT 4.0 between the chloride ion and 4-

0.50 0.10 hydroxybutane-1-sulfonic acid, Resolution solution
0.50 Stop Integration Relative standard deviation:  NMT 5.0% determined for
0.51 0.60 the 4-hydroxybutane-1-sulfonic acid peak, Standard
0.59 0.60 solution

Tailing factor:  1.0–1.6 for the 4-hydroxybutane-1-sul-0.60 −0.60
fonic acid peak, Standard solution0.65 −0.60

Analysis
Samples:  Standard solution and Sample solutionSystem suitability
Calculate the percentage of 4-hydroxybutane-1-sulfonic acidSample:  Standard solution
in the portion of Betadex Sulfobutyl Ether Sodium taken:Suitability requirements

Relative standard deviation:  NMT 5.0%
Result = (rU/rS) × (CS/CU) × F × 100Analysis

Samples:  Standard solution and Sample solution
rU = peak response for 4-hydroxybutane-1-sulfonicCalculate the percentage of beta cyclodextrin (betadex) in

acid from the Sample solutionthe portion of Betadex Sulfobutyl Ether Sodium taken:
rS = peak response for 4-hydroxybutane-1-sulfonic

acid from the Standard solutionResult = (rU/rS) × (CS/CU) × F × 100
CS = concentration of 4-hydroxybutane-1-sulfonic ac-

id in the Standard solution (µg/mL)rU = peak response for beta cyclodextrin from the
CU = concentration of Betadex Sulfobutyl Ether Sodi-Sample solution

um in the Sample solution (mg/mL)rS = peak response for beta cyclodextrin from the
F = conversion factor (10-3 mg/µg)Standard solution

Acceptance criteria:  NMT 0.09% for 4-hydroxybutane-1-sul-CS = concentration of USP Beta Cyclodextrin RS in
fonic acidthe Standard solution (µg/mL)

• PROCEDURE 3: LIMIT OF BIS(4-SULFOBUTYL) ETHER DISODIUMCU = concentration of Betadex Sulfobutyl Ether Sodi-
Mobile phase:  5 mM sodium hydrogen carbonate and 5um in the Sample solution (mg/mL)
mM sodium carbonate in a mixture of methanol and waterF = conversion factor (10-3 mg/µg)
(2:3)Acceptance criteria:  NMT 0.1%

Suppressant:  25 mM sulfuric acid• PROCEDURE 2: LIMIT OF 4-HYDROXYBUTANE-1-SULFONIC ACID
Column wash solution A:  50 mM trisodium citrateMobile phase:  2.5 mM sodium hydroxide
Column wash solution B:  150 mM sodium hydroxideSuppressant:  Water
Standard solution:  1.0 µg/mL of bis(4-sulfobutyl) ether di-Column wash solution A:  50 mM trisodium citrate
sodium in Mobile phaseColumn wash solution B:  150 mM sodium hydroxide

Resolution solution:  4.0 µg/mL of bis(4-sulfobutyl) ether di-Standard solution:  1.0 µg/mL of 4-hydroxybutane-1-sul-
sodium and 0.5 µg/mL of sodium chloride, in Mobile phasefonic acid in Mobile phase

Sample solution:  2 mg/mL of Betadex Sulfobutyl Ether So-Resolution solution:  1.0 µg/mL of sodium chloride and 1.0
dium in Mobile phaseµg/mL of 4-hydroxybutane-1-sulfonic acid, in Mobile phase

Chromatographic systemSample solution:  1 mg/mL of Betadex Sulfobutyl Ether So-
(See Chromatography 〈621〉, System Suitability and Ion Chro-dium in Mobile phase
matography 〈1065〉.)Chromatographic system
Mode:  IC(See Chromatography 〈621〉, System Suitability and Ion Chro-
Detector:  Conductivitymatography 〈1065〉.)
Column:  4.0-mm × 5.0-cm anion-exchange guard col-Mode:  IC
umn, packing L61; 4.0-mm × 25-cm anion-exchange ana-Detector:  Conductivity
lytical column, packing L61. [NOTE—After every twelve in-Column:  4.0-mm × 5.0-cm anion-exchange guard col-
jections of test solutions and at the end of the analysis,umn, packing L61; 4.0-mm × 25-cm anion-exchange ana-
clean the column using Column wash solution A at a flowlytical column, packing L61. [NOTE—At the end of each
rate of 1 mL/min for 6 min, then using Column wash solu-run, clean the column using Column wash solution A at a
tion B at the same flow rate for 6 min. Equilibrate theflow rate of 1 mL/min for 15 min, then using Column wash
column for at least 60 min with Mobile phase at a flow ratesolution B at the same flow rate for 15 min.]
of 1.5 mL/min after each column purge.]Column temperature:  50 ± 2°

Column temperature:  40 ± 2°Suppressor:  Micromembrane anion autosuppressor or a
Suppressor:  Micromembrane anion autosuppressor or asuitable chemical suppression system
suitable chemical suppression system
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Suppression [NOTE—Prepare immediately before use.]
Suppressant flow rate:  4 mL/min Chromatographic system

Flow rate:  1.5 mL/min (See Chromatography 〈621〉, System Suitability.)
Injection size:  20 µL Mode:  GC
Run time:  8 min Detector:  Flame ionization

System suitability Column:  0.32-mm × 25-m fused-silica capillary column;
Samples:  Standard solution and Resolution solution 0.5-µm layer of phase G46
[NOTE—The relative retention times for the chloride ion Temperature
and bis(4-sulfobutyl) ether disodium are 0.4 and 1.0, Detector:  270°
respectively.] Injection port:  200°

Suitability requirements Column:  See the temperature program table below.
Resolution:  NLT 7 between the chloride ion and bis(4-
sulfobutyl) ether disodium, Resolution solution

Hold Time atRelative standard deviation:  NMT 5.0% determined for
Initial Temperature Final Finalthe bis(4-sulfobutyl) ether disodium, Standard solution

 Temperature Ramp Temperature TemperatureAnalysis
(°) (°/min) (°) (min)Samples:  Standard solution and Sample solution
100 10 200 —Calculate the percentage of bis(4-sulfobutyl) ether disodium
200 35 270 5in the portion of Betadex Sulfobutyl Ether Sodium taken:

Carrier gas:  Helium, typically at 12 psi inlet pressureResult = (rU/rS) × (CS/CU) × F × 100
Injection size:  1.0 µL
Injection type:  Splitless injection for 0.5 min, then split atrU = peak response for bis(4-sulfobutyl) ether disodi-
50 mL/minum from the Sample solution
[NOTE—The use of an appropriate splitless injection liner isrS = peak response for bis(4-sulfobutyl) ether disodi-
recommended.]um from the Standard solution

System suitabilityCS = concentration of bis(4-sulfobutyl) ether disodi-
Sample:  Sample solution Bum in the Standard solution (µg/mL)
[NOTE—The relative retention times for diethyl sulfone andCU = concentration of Betadex Sulfobutyl Ether Sodi-
1,4-butane sultone are 0.7 and 1.0, respectively.]um in the Sample solution (mg/mL)

Suitability requirementsF = conversion factor (10-3 mg/µg)
Relative standard deviation:  NMT 10.0%Acceptance criteria:  NMT 0.05% for bis(4-sulfobutyl) ether

Analysisdisodium
Samples:  Blank solution, Sample solutions A, B, C, and D• PROCEDURE 4: LIMIT OF 1,4-BUTANE SULTONE
Correct ratio of peak responses of the 1,4-butane sultone toInternal standard solution:  0.25 µg/mL of diethyl sulfone
diethyl sulfone in Sample solution A, B, C, or D by sub-Standard stock solution A:  0.5 µg/mL of 1,4-butane
tracting the ratio of peak responses of the 1,4-butanesultone
sultone to ethyl sulfone in the Blank solution. Plot the cor-Standard stock solution B:  1.0 µg/mL of 1,4-butane sultone
rected ratio of peak response of 1,4-butane sultone to peakStandard stock solution C:  2.0 µg/mL of 1,4-butane
response of diethyl sulfone in Sample solution A, B, C or D,sultone
versus the added quantity, in µg, of 1,4-butane sulfone.Sample stock solution:  250 mg/mL of Betadex Sulfobutyl
Extrapolate the line joining the points on the graph until itEther Sodium in Internal standard solution.
meets the quantity axis. The distance between this pointBlank solution, and Sample solutions A, B, C, and D:  Fol-
and the intersection of the axes represents the quantity oflow Table 2 to place the quantities of Internal standard solu-
1,4-butane sulfone, A, in µg, in the 4-mL portion of Sampletion, each Standard stock solution, Sample stock solution,
stock solution. Calculate the content of 1,4-butane sulfonewater, or methylene chloride in each glass test tube with a
in the portion of Betadex Sulfobutyl Ether Sodium taken:stopper. [NOTE—10-mL screw capped test tube is suitable.]

Vortex each test tube for 30 s, and allow it stand for at least
Result = A/(VExt × CU × F)5 min or until complete separation of the phase. Extract the

organic phase into a GC vial and seal. [NOTE—With great
A = determined abovecare to take the minimum possible amount of aqueous
VExt = volume of the Sample stock solution used in thephase.] Added quantities of 1,4-butane sultone in Sample so-

extraction step, 4.0 mLlutions A, B, C, and D are 0.5, 1.0, 2.0, and 0 µg,
CU = concentration of Betadex Sulfobutyl Ether Sodi-respectively.

um in the Sample stock solution (mg/mL)
F = conversion factor (10-3 g/mg)

Table 2 Acceptance criteria:  NMT 0.5 ppm
Methylene SPECIFIC TESTS

Solution 1 Solution 2 Chloride • BACTERIAL ENDOTOXINS TEST 〈85〉:  The level of bacterial endo-
Added Added Added toxins is such that the requirement under the relevant dosage

Sample Name (mL) (mL) (mL) form monograph(s) in which Betadex Sulfobutyl Ether Sodium
Blank solution Internal stan- Water, 1.0 1.0 is used can be met. Where the label states that Betadex

dard solution, Sulfobutyl Ether Sodium must be subjected to further process-
4.0 ing during the preparation of injectable dosage forms, the

Sample solution Sample stock Standard stock 1.0 level of bacterial endotoxins is such that the requirement
A solution, 4.0 solution A, 1.0 under the relevant dosage form monograph(s) in which

Sample solution Sample stock Standard stock 1.0 Betadex Sulfobutyl Ether Sodium is used can be met.
B solution, 4.0 solution B, 1.0 • MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-

CROORGANISMS 〈62〉:  The total aerobic microbial count doesSample solution Sample stock Standard stock 1.0
not exceeds 100 cfu/g, and the total combined molds andC solution, 4.0 solution C, 1.0
yeasts count does not exceed 50 cfu/g. It meets the require-Sample solution Sample stock Water, 1.0 1.0
ments of the test for absence of Escherichia coli.D solution, 4.0
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• CLARITY OF SOLUTION Analysis
Sample solution:  30% (w/v) solution Samples:  Run electrolyte, water, Standard solution, and Sam-
Analysis:  Examine the Sample solution using a light box ple solution
against white and black backgrounds and record the presence Inject the Standard solution and Sample solution by applying
of any haze, fluorescence, fibers, specks, or other foreign differential pressure of 0.5 psi, equivalent to 34 mbar, for 10
matter. s, followed by injection of Run electrolyte at 0.5 psi for 2 s.

Acceptance criteria:  The solution is clear, and essentially free [NOTE—Pressure injections should be made with a vial of
from particles of foreign matter. water or Run electrolyte at the outlet end of the capillary.]

• AVERAGE DEGREE OF SUBSTITUTION Record the electropherograms, and measure the peak re-
Run electrolyte:  30 mM benzoic acid and adjusted to a pH sponses for the individual betadex sulfobutyl ether sodium
of 5.8 by addition of 100 mM tris(hydroxymethyl) aminome- peaks (I to X). Calculate the corrected peak area, Ai, for each
thane buffer. [NOTE—Due to variation between capillaries, a peak in the eletropherogram:
single universally applicable electrolyte pH is not specified. In-
stead, the optimal pH associated with each individual capillary
should be determined according to instrumental manual.]

Standard solution:  10 mg/mL of USP Betadex Sulfobutyl
Normalize the corrected peak areas by presenting each as aEther Sodium RS
percentage of the total corrected substitution envelope area:Sample solution:  10 mg/mL of Betadex Sulfobutyl Ether

Sodium
Capillary rinsing procedure:  Use separate run electrolyte vi-
als for capillary rinse and sample analysis. Perform pre-analysis
rinses on a daily basis before each analysis: rinse the capillary
with 0.1 N sodium hydroxide for 30 min, with water for NLT n = highest level of substitution2 h, and with Run electrolyte for NLT 1 h. Perform pre-injec- Determine the average degree of substitution:tion rinses prior to each injection as follows: rinse the capillary
with 0.1 N sodium hydroxide for NLT 1 min, and with Run
electrolyte for NLT 3 min. If a new capillary is being used, in
addition to the regular rinses described above, a new capillary
requires rinsing before its first use. Rinse the new capillary

Acceptance criteria:  6.2–6.9 for average degree ofwith 1 M sodium hydroxide for 1 h, followed by a 2-h water
substitutionrinse.
For each of betadex sulfobutyl ether sodium peaks I–X, seeElectrophoretic system
limit range (% peak area) in Table 4.(See Capillary Electrophoresis 〈727〉.)

Mode:  High-performance CE
Detector:  Inverse UV 200 nm, with a bandwidth of 20 nm. Table 4
[NOTE—A detection wavelength of 205 nm with a bandwidth

Betadex Sulfobutyl Ether Limit Rangeof 10 nm may be used as an alternative.]
Sodium Peaks I–X (% Peak Area)Column:  50-µm × 50-cm fused silica column

Temperature:  25° I 0–0.3
Applied voltage:  0.00 to +30.00 kV linear ramp over 10 II 0–0.9
min, then at 30 kV for a further 20 min III 0.5–5.0

Injection size:  Equal volumes at 0.5 psi for 10 s
IV 2.0–10.0System suitability
V 10.0–20.0Sample:  Standard solution
VI 15.0–25.0[NOTE—See Table 3 for the approximate relative migration

times for betadex sulfobutyl ether sodium peaks I–X VII 20.0–30.0
(betadex sulfobutyl ether sodium peak I contains beta VIII 10.0–25.0
cyclodextrin molecule with 1 sulfobutyl substituent, betadex IX 2.0–12.0
sulfobutyl ether sodium peak II contains beta cyclodextrin

X 0–4.0molecule with 2 sulfobutyl substituents, betadex sulfobutyl
ether sodium peak III contains beta cyclodextrin molecule • PH 〈791〉:  4.0–6.8, in a 30% (w/v) solution in carbon dioxide-
with 3 sulfobutyl substituents, and betadex sulfobutyl ether free water
sodium peak X contains beta cyclodextrin molecule with 10 • WATER DETERMINATION, Method I 〈921〉:  NMT 10.0%
sulfobutyl substituents). The relative migration times are for
informational purposes only to aid in peak identification.] ADDITIONAL REQUIREMENTS

• PACKAGING AND STORAGE:  Preserve in well-closed containers,
and store at room temperature. Protect from moisture.Table 3

• LABELING:  Label it to indicate its use in the manufacture of
Betadex Sulfobutyl Ether injectable dosage forms.

Sodium Peaks I–X Relative Migration Time • USP REFERENCE STANDARDS 〈11〉
I 0.58 USP Beta Cyclodextrin RS

USP Betadex Sulfobutyl Ether Sodium RSII 0.63
USP Endotoxin RSIII 0.69
USP Sodium Chloride RS■1S (NF29)IV 0.77

V 0.83
VI 0.91

BRIEFINGVII 1.00
VIII 1.10
IX 1.20

Polyglyceryl 3 Diisostearate.  Because there is no existing NFX 1.30
monograph for this excipient, a new monograph is being pro-
posed, based on validated methods of analysis and to align withSuitability requirements

Resolution:  NLT 0.9, between betadex sulfobutyl ether so-
dium peak IX and betadex sulfobutyl ether sodium peak X
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the European Pharmacopoeia monograph, Triglycerol Diisos- mL of n-heptane layer (upper layer), wash with three quanti-
tearate. In the test for Content of Fatty Acids, the gas chromato- ties, each at 2 mL of water, and dry the n-heptane phase over
graphic procedure is based on analysis performed with the anhydrous sodium sulfate.
Varian CP-Wax 52CB brand of capillary column. The typical re- Chromatographic system
tention times for methyl myristate, methyl palmitate, and methyl (See Chromatography 〈621〉, System Suitability.)
stearate are 8.5, 11.6, and 14.9 min, respectively. Mode:  GC

Detector:  Flame ionization
Column:  0.32-mm × 30-m fused-silica capillary column,
0.25-µm layer of phase G16(EM2: H. Wang.) RTS—C75511 Temperature
Detector:  250°
Injection port:  240°
Column:  See the temperature program table below.

Add the following:
Hold Time at

Initial Temperature Final Final
 Temperature Ramp  Temperature  Temperature■Polyglyceryl 3 Diisostearate

(°) (°/min) (°)  (min)
150 6 250 6R–O–(CH2–CH(OR)–CH2–O)3–R

Carrier gas:  NitrogenR = H, or CO–C17H35-iso Flow rate:  1.0–1.2 mL/min
1,2,3-Propanetriol, homopolymer, diisooctadecanoate; Injection size:  1 µL
Triglyceryl diisostearate [63705-03-3]. Injection type:  Split injection. Split ratio is about 1:80.

System suitability
DEFINITION Sample:  Standard solution
Polyglyceryl 3 Diisostearate is a mixture of polyglyceryl diesters of [NOTE—See the relative retention time table below.]

mainly isostearic acid, obtained by esterification of polyglycerin
and isostearic acid. The polyglycerin consists mainly of

Relativetriglycerin.
Retention

IDENTIFICATION Name  Time
• A. INFRARED ABSORPTION 〈197F〉 Methyl myristate 1.0
• B.  It meets the requirements of the test for Content of Fatty Methyl palmitate 1.4

Acids.
Methyl stearate 1.8

ASSAY
Suitability requirements• CONTENT OF FATTY ACIDS

Resolution:  NLT 10 between the peaks due to methyl pal-0.5 N Methanolic sodium hydroxide solution:  Dissolve 20 g
mitate and methyl stearateof sodium hydroxide in 50 mL of water, and mix. Cool to

Relative standard deviation:  NMT 6.0%, for the peak re-room temperature, and add 950 mL of methanol.
sponses for palmitate and stearateBoron trifluoride methanol solution:  Dissolve 14 g of boron

Analysistrifluoride in methanol to make 100 mL, and mix well.1 
Samples:  Standard solution and Sample solutionSaturated sodium chloride solution:  Dissolve about 375 g of
Identify the fatty acid ester peaks in the chromatogram ofsodium chloride in water to make 1000 mL.
the Sample solution by comparing the retention times ofStandard solution:  Prepare the calibration ester mixture by
these peaks with those obtained in the chromatogram ofmixing up each individual ester component (see Table 1). Dis-
the Standard solution, and measure the peak areas for all ofsolve 500 mg of the calibration ester mixture in n-heptane,
the fatty acid ester peaks in the chromatogram obtainedand dilute with n-heptane to 50 mL.
from the Sample solution. Calculate the percentage of each
fatty acid ester component in the test specimen:

Table 1
Result = (A/B) × 100Component in the Calibration Composition

Ester Mixture  (%)a
A = peak response for each individual fatty acid ester

USP Methyl Myristate RS (C14:0) 7 component
USP Methyl Palmitate RS (C16:0) 70 B = sum of the peak responses, excluding the sol-

vent peak, in the chromatogram obtained fromUSP Methyl Stearate RS (C18:0) 23
the Sample solutiona Composition is proposed according to the relative composition of these three

Acceptance criteriafatty acid groups in Polyglyceryl 3 Diisostearate.
Sum of the contents of the fatty acids eluting between

Sample solution:  Introduce 100 mg of Polyglyceryl 3 Diisos- palmitic acid and stearic acid (excluding palmitic acid and
tearate into a 25-mL conical flask fitted with a suitable water- stearic acid):  NLT 60.0%
cooled reflux condenser and a magnetic stir bar. Add 2 mL of Sum of the contents of myristic acid, palmitic acid, and
0.5 N Methanolic sodium hydroxide solution, mix, and reflux for stearic acid:  NMT 11.0%
about 30 min. Add 2 mL of Boron trifluoride methanol solution

IMPURITIESthrough the condenser, and reflux for about 30 min. Add 4
Inorganic ImpuritiesmL of n-heptane through the condenser, and reflux for 5 min.
• RESIDUE ON IGNITIONCool, remove the condenser, add about 10 mL of Saturated

Analysis:  Heat a silica crucible to redness for 30 min, allowsodium chloride solution, shake, add a quantity of Saturated
to cool in a desiccator and weigh. Evenly distribute about 1.0sodium chloride solution to bring the upper layer up to the
g of Polyglyceryl 3 Diisostearate in the crucible and weigh.neck of the flask, and allow the layers to separate. Collect 2
Dry at 100°–105° for 1 h, and ignite in a muffle furnace at

1Boron trifluoride-methanol solution (14% in methanol) is also commercially 600 ± 25°, until the test substance is thoroughly charred. Per-
available from Sigma, B-1252, or equivalent quality. form the test for Residue on Ignition 〈281〉 on the residue
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obtained, starting with “Moisten the sample with a small IDENTIFICATION
amount (usually 1 mL) of sulfuric acid”.

Acceptance criteria:  NMT 0.5% Delete the following:• Heavy Metals, Method II 〈231〉:  NMT 10 ppm

SPECIFIC TESTS
■• PROCEDURE• ACID VALUE Analysis:  Place a drop of a saturated solution of the sample inAnalysis:  Accurately weigh (to within 0.1 mg) 5–10 g of a micro test tube, and add a drop of ammonium chloridePolyglyceryl 3 Diiostearate, add 10 mL of alcohol and 3 drops solution (0.5 in 100) and several mg of zinc powder. Coverof phenolphthalein TS, and titrate with 0.1 N potassium hy- the mouth of the tube with a disk of filter paper moisteneddroxide VS or 0.1 N sodium hydroxide VS until the solution with a solution in hexane containing p-dimethylaminobenzal-remains faintly pink after shaking for 30 s. Follow the proce- dehyde (5 in 100) and trichloroacetic acid (20 in 100). Heatdures of Fats and Fixed Oils 〈401〉, Acid Value to perform the with a small flame for 1 min.calculation. Acceptance criteria:  A pink to red-violet stain appears on theAcceptance criteria:  NMT 3.0 paper.■1S (NF29)• FATS AND FIXED OILS, Hydroxyl Value 〈401〉:  180–230, deter-

mined on a 0.25-g specimen
• IODINE VALUE Add the following:

Analysis:  Accurately weigh 3 g of Polyglyceryl 3 Diiostearate,
transfer to a dry 250-mL flask with a ground-glass stopper,

■• INFRARED ABSORPTION 〈197K〉■1S (NF29)and add 25 mL of methylene chloride. Add 20 mL of the Wijs’
solution.2 

ASSAYClose the flask and keep it in the dark for 1 h while shaking
• PROCEDUREfrequently. Perform the test in Fats and Fixed Oils, Iodine Value

Sample:  250 mg〈401〉, starting with “Then add, in the order named, 30 mL of
Analysis:  Dissolve in 25 mL of carbon dioxide-free water, addpotassium iodide TS and 100 mL of water”.
2 drops of phenolphthalein TS, and titrate with 0.1 N sodiumAcceptance criteria:  NMT 3.0
hydroxide VS to the production of a permanent pink color.• FATS AND FIXED OILS, Peroxide Value 〈401〉:  NMT 6.0. Use 30
Each mL of 0.1 N sodium hydroxide is equivalent to 5.905 mgmL of a mixture of glacial acetic acid and methylene chloride
of C4H6O4.(3:2) to replace the 30 mL of a mixture of glacial acetic acid

Acceptance criteria:  99.0%–100.5%and chloroform (3:2).
• FATS AND FIXED OILS, Saponification Value 〈401〉:  128–160 IMPURITIES• WATER DETERMINATION, Method I 〈921〉:  NMT 0.5%, deter- Inorganic Impuritiesmined on a 2.0-g specimen • RESIDUE ON IGNITION 〈281〉:  NMT 0.025%

• HEAVY METALS, Method I 〈231〉:  NMT 20 ppmADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con- SPECIFIC TESTStainers, protected from heat and moisture. • MELTING RANGE OR TEMPERATURE 〈741〉:  185°–190°• USP REFERENCE STANDARDS 〈11〉

USP Methyl Myristate RS ADDITIONAL REQUIREMENTS
USP Methyl Palmitate RS • PACKAGING AND STORAGE:  Preserve in a well-closed container.
USP Methyl Stearate RS No storage requirements specified.
USP Polyglyceryl 3 Diisostearate RS■1S (NF29)

Add the following:

BRIEFING
■• USP REFERENCE STANDARDS 〈11〉

USP Succinic Acid RS■1S (NF29)

Succinic Acid,  NF 27 page 1362. As part of the USP moderni-
zation efforts, it is proposed to replace the existing non-specific
Identification test with a more specific infrared spectroscopy test.
The USP Reference Standards section has also been included to
reflect the addition of USP Succinic Acid RS. Interested parties
are encouraged to comment on the proposal.

(EM1: R. Lafaver.) RTS—C73549

Succinic Acid

C4H6O4 118.09
Butanedioic acid [110-15-6].

DEFINITION
Succinic Acid contains NLT 99.0% and NMT 100.5% of C4H6O4.

2Wijs’ reagent RPE for analysis from Carlo Erba Reference 491902, Wijs’ solution
from www.sigmaaldrich.com, or equivalent quality.
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GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

BRIEFING

h41i Weights and Balances, USP 32 page 67 and page
331 of PF 35(2) [Mar.–Apr. 2009]. On the basis of comments
received, it is proposed to introduce several changes in the pro-
posed revision. Under the Introduction, the scope of the chapter
is more clearly defined. The previous definition based on the
number of significant figures of the reportable value is being
eliminated. Under Repeatability it is proposed to modify the for-
mula for estimating the standard deviation (s) when its value is
zero. A more detailed procedure for the determination of the
Accuracy is provided. Finally, the Weight Check section is elimi-
nated as a requirement. The Expert Committee made this deci-
sion considering that the weight check is a quality assurance
activity that could alert the user if there is a potential noncon-
formance but does not constitute a requirement per se.

(GC: H. Pappa) RTS—C77340; C76500; C77420; C77422;
C77419; C77337; C76364; C77195; C77417

Change to read:

The intent of this section is to bring the requirements for
weights into conformity with American National Standard
ANSI/ASTM E617, ‘‘Laboratory Weights and Precision Mass
Standards.’’ This standard is incorporated by reference and
should be consulted for full descriptions and information on
the tolerances and construction of weights.1

Pharmacopeial tests and assays require balances that vary in
capacity, sensitivity, and reproducibility. Unless otherwise spec-
ified, when substances are to be ‘‘accurately weighed’’ for As-
say, the weighing is to be performed with a weighing device
whose measurement uncertainty (random plus systematic er-
ror) does not exceed 0.1% of the reading. Measurement uncer-
tainty is satisfactory if three times the standard deviation of not
less than ten replicate weighings divided by the amount
weighed, does not exceed 0.001. Unless otherwise specified,
for titrimetric limits tests, the weighing shall be performed to
provide the number of significant figures in the weight of the
analyte that corresponds to the number of significant figures
in the concentration of the titrant.

The class designations below are in order of increasing toler-
ances.

Class 1.1 weights are used for calibration of low-capacity,
high-sensitivity balances. They are available in various denomi-
nations from 1 to 500 mg. The tolerance for any denomination
in this class is 5 mg. They are recommended for calibration of
balances using optical or electrical methods for accurately
weighing quantities below 20 mg.

Class 1 weights are designated as high-precision standards
for calibration. They may be used for weighing accurately quan-
tities below 20 mg. (For weights of 10 g or less, the require-
ments of class 1 are met by USP XXI class M.)

Class 2 weights are used as working standards for calibration,
built-in weights for analytical balances, and laboratory weights
for routine analytical work. (The requirements of class 2 are met
by USP XXI class S.)2

Class 3 and class 4 weights are used with moderate-precision
laboratory balances. (Class 3 requirements are met by USP XXI
class S-1; class 4 requirements are met by USP XXI class P.)2

A weight class is chosen so that the tolerance of the weights
used does not exceed 0.1% of the amount weighed. Generally,
class 2 may be used for quantities greater than 20 mg, class 3
for quantities of greater than 50 mg, and class 4 for quantities
of greater than 100 mg. Weights should be calibrated periodi-
cally, preferably against an absolute standard weight.

Change to read:

&INTRODUCTION

Pharmacopeial tests and assays procedures require balances
that vary in capacity, sensitivity, and repeatability. This chapter
applies to balances used in Pharmacopeial procedures with a
reportable value expressed in at least three significant figures1

(see }7.10 Interpretation of Requirements in }7 Test Results under
General Notices and Requirements), . Analytical methods with
less strict requirements need not necessarily follow this stan-
dard. when substances are to be ‘‘accurately weighed’’. Mea-
surement uncertainty from the balance is only one
contribution to overall weighing errors.1 2Other Additional con-
tributions include changes in water content of samples during
weighing and a static charge on the sample. This chapter ad-
dresses the control of the analytical balance for routine opera-
tion. controls the use of an analytical balance for routine
operation with Unless otherwise specified, when substances
are to be ‘‘accurately weighed’’ (for example, in an Assay anal-
ysis), the weighing is to be performed with a weighing device.

Assessment of measurement uncertainty is typically done pri-
or to the balance being placed in operation (e.g., during IQ/
OQ/PQ) and periodically thereafter. Two steps are performed
in measuring uncertainty: (1) measurement of repeatability
and (2) verification of accuracy against certified weights. does
not exceed 0.1% of the reading. There are three requirements
for control of the analytical balance: assessment of measure-
ment uncertainty (represented mainly by the repeatability of
the measurement), verification of accuracy, and a calibration

1 Copies of ASTM Standard E 617-81 (Reapproved 1985) may be ob-
tained from the American Society for Testing and Materials, 1916 Race
Street, Philadelphia, PA 19103.

2 Note that the designations S and P no longer designate weight clas-
ses but rather weight grades, that is, design limitations such as range of
density of materials, surface area, surface finish, corrosion resistance,
and hardness.
1 Zeros within a number are always significant. Zeros that do nothing
but set the decimal point are not significant. Trailing zeros that are not
needed to hold the decimal point are significant. Cases and examples in
which this requirement would apply, and examples of these cases fol-
low. (1) Procedures with specification limits (e.g, 90.0% to 110.0%,
98.0% to 102.0%). (2) Procedures in which the result is reported in
mg (e.g., mg limits for a 5-mg tablet for which the specification is
90.0% to 110.0% are 4.50 mg to 5.50 mg). (3) Limits expressed with
three significant figures (e.g., not more than 1.50%; not more than
0.00100%). Cases and their examples where this requirement would
not necessarily apply follow. (1) Procedures with specification limits
(e.g., 90% to 110%. (2) Limits expressed with less than three significant
figures (e.g., not more than 1.5%; not more than 0.0010%; not more
than 150 ppm).
2 Sources of measurement uncertainties with laboratory balances are
(including, but not limited to) readability, repeatability, nonlinearity,
sensitivity, temperature, and buoyancy.
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check. that meets the following three requirements: repeatabil-
ity of the measurement, to within 0.1% verification of accuracy,
to within 0.1% and a weight check. The first two requirements
are typically performed prior to placing the balance in opera-
tion (e.g., during IQ/OQ/PQ) and periodically thereafter ac-
cording to applicable standard operating procedures. The
calibration weight check is typically performed each day or pri-
or to each series of weighings.on which the balance is used or at
appropriate intervals based on applicable standard operating
procedures.

&Pharmacopeial tests and assays require balances that

vary in capacity, sensitivity, and repeatability. Unless

otherwise specified, when substances are to be ac-

curately weighed (see sections 6.50 and 8.20 in General

Notices) the weighing is to be performed with a weighing

device meeting the requirements defined below for re-

peatability and accuracy.&1S (USP34)

Change to read:

REPEATABILITY

Assessment of repeatability may be performed using either
Method A or Method B.

Method A— In this method, repeatability Repeatability is de-
termined at the lower end of the desired operating range (i.e.,
the range of weights within the range of sample mass for which
the balance has been qualified to meet the requirements of this
chapter. The measurement of repeatability using this method is
satisfactory if two times the standard deviation of not less than
10 replicate weighings divided by the amount weighed nomi-
nal mass does not exceed 0.001, as shown in the formula:

2s/w�0.001

in which s is the standard deviation of not less than 10 replicate
weighings; and w is the nominal mass , in mg, of the weight
used. Because of display resolution, it is possible to make mea-
surements in which every replicate measurement result is the
same value. A true repeatability standard deviation of zero is
not statistically possible, although the standard deviation may
be less than one display increment d. In this situation, the stan-
dard deviation of the balance can be estimated as

Method B Calculation of Minimum Weight —This method may
be used to determine the low end of the operating range (e.g.,
minimum weight). Minimum weight can be derived from the
following formula:2

(2/Urel)s

in which Urel represents the uncertainty factor of 0.001; and s is
the standard deviation from the repeatability measurements, of
not less than 10 replicate measurements of a mass near the low
end of the operating range in mg. Minimum weight may be
used to define the low end of the operating range. Because

of scale resolution, it is possible to make measurements in
which every one results in the same value. A true scale standard
deviation of zero is not statistically possible, although the stan-
dard deviation may be less than one display increment d. In this
situation, the standard deviation of the scale can be estimated
as

&Repeatability is satisfactory if two times the standard

deviation of not less than 10 replicate weighings divided

by the amount weighed1 does not exceed 0.001. Be-

cause of display resolution, it is possible to make mea-

surements in which every replicate measurement result

is the same value. A true repeatability standard deviation

of zero is not statistically possible, although the standard

deviation may be less than one display increment d. In

this situation, the standard deviation of the weighing

can be estimated as:

&1S (USP34)

Change to read:

VERIFICATION OF ACCURACY

Using multiple weights of suitable accuracy tolerances,
Weights Used for Calibration Check of Balances Weights Used
for Verification of Accuracy, the measured weight is indicated
weighing value by the balance must remain within 0.1% of
the certified value of the weight over the operating range of
the balance. The operating range refers to the range used for
performing the assay, analytical procedures under this chapter,
and not necessarily to the operating range for other weighing
operations. The tolerance of weights used for testing accuracy
is considered suitable if the maximum tolerance is one third of
the limit for the accuracy test or less.3

2 Derived from the expanded uncertainty equation in NISTIR 6919, Re-
commended Guide for Determining and Reporting Uncertainties for
Balances and Scales, January 2002.

&1 Amount weighed is not the tare or gross weight. For exam-
ple, the weight of the sample container or the weighing paper
is not included in the amount weighed to determine if repeat-
ability is satisfactory.&1S (USP34)

3 Applicable standards are: ASTM E617 (available from www.astm.org)
and OIML R111 (available from www.oiml.org).
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&Accuracy is satisfactory if the indicated weighing val-

ue of a suitable weight is within 0.1% of the nominal val-

ue of the test weight. A suitable test weight is one that

has a nominal weight between 5% and 100% of the bal-

ance’s capacity,2 and a maximum permissible error3 that

is one-third of the 0.1% limit of the accuracy test or less.4

[NOTE—Alternatively, if the certified value of the weight is

considered, the calibration uncertainty of the weight can

be used instead. In this case, a test weight is suitable, if its

calibration uncertainty is one-third of the 0.1% limit of

the accuracy test, or less.]&1S (USP34)

&

&1S (USP34)

Delete the following:

&CALIBRATION CHECK WEIGHT CHECK

Analytical balances vary greatly in the features they offer to
ensure that the balance is maintained in a calibrated state. A
calibration weight check to ensure using an internal or external
check weight ensures that the balance is in a calibrated state is
performed each day or before each series of weighings. Typical-
ly, the calibration check uses internal or external weights to ver-
ify that the balance is still in a calibrated state. suitable to use.
The weight check is typically performed each day the balance is
used or at appropriate intervals based on applicable standard
operating procedures, and the measured weight is within
0.1% of its nominal value.&1S (USP34)

Weights Used for Calibration Check of Balances

Application Appropriate Class of Weight
Lowest Weight With a Tolerance

Within 0.1%*

Calibration of the weights used for
other applications or other specialized
applications

OIML Classes E1, E2, and
ASTM Class 0 [NOTE—Special
control of humidity and
temperature is needed.]

** OIML E1, 5 mg
** OIML E2, 10 mg
** ASTM Class 0, 5 mg

Routine analytical work using
microbalances

ASTM Classes 1, 2
**OIML E2

ASTM Class 1, 10 mg
ASTM Class 2, 20 mg

Routine analytical work using
4–5 place analytical balances

ASTM Classes 3, 4
OIML Classes F1, F2

ASTM Class 3, 50 mg
ASTM Class 4, 100 mg
OIML Class F1, 50 mg
OIML Class F2, 200 mg

* ASTM standard E617 may be obtained from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428. OIML R111 may be
obtained from OIML (International Organization of Legal Metrology), 11 Rue Turgot, F-75009, Paris, France.
** Special control temperature and humidity is needed.

&2 Capacity is a specification for the maximum amount the balance can
weigh assuming a tare near zero. Tare usually does not increase the ca-
pacity of a balance.
3 Maximum permissible error (dm or mpe) is the maximum absolute
value of the difference allowed by national regulation, between the
measured conventional mass and the nominal value of a weight, as de-
termined by corresponding reference weights. The term tolerance may
be used.
4 Applicable standards are: ASTM E617 (available from
www.astm.org) and OIML R111 ( available from www. oiml.
org).&1S (USP34)
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Chemical Tests and Assays

IDENTIFICATION TESTS

BRIEFING

h197i Spectrophotometric Identification Tests, USP 32
page 130. On the basis of comments received, it is proposed to
add a new sample preparation technique.

(GC: H. Pappa.) RTS—C84020

Change to read:

INFRARED ABSORPTION

Six

&Seven&1S (USP34)

methods are indicated for the preparation of previously dried
test specimens and Reference Standards for analysis. The refer-
ence h197Ki in a monograph signifies that the substance under
examination is mixed intimately with potassium bromide. The
reference h197Mi in a monograph signifies that the substance
under examination is finely ground and dispersed in mineral oil.
The reference h197Fi in a monograph signifies that the sub-
stance under examination is suspended neat between suitable
(for example, sodium chloride or potassium bromide) plates.
The reference h197Si signifies that a solution of designated con-
centration is prepared in the solvent specified in the individual
monograph, and the solution is examined in 0.1-mm cells un-
less a different cell path length is specified in the individual
monograph. The reference h197Ai signifies that the substance
under examination is intimately in contact with an internal re-
flection element for attenuated total reflectance (ATR) analysis.
The reference h197Ei signifies that the substance under exam-
ination is pressed as a thin sample against a suitable plate for IR
microscopic analysis.

&The reference h197Di in a monograph signifies that the

substance under examination is mixed intimately with an

IR-transparent material and transferred to a sample con-

tainer for diffuse reflection (DR) analysis.&1S (USP34)

The ATR h197Ai and the h197Ei techniques can be used as al-
ternative methods for h197Ki, h197Mi, h197Fi, and h197Si
where testing is performed qualitatively and the Reference
Standard spectra are similarly obtained.

Record the spectra of the test specimen and the correspond-
ing USP Reference Standard over the range from about 2.6 mm
to 15 mm (3800 cm–1 to 650 cm–1) unless otherwise specified in
the individual monograph. The IR absorption spectrum of the
preparation of the test specimen, previously dried under condi-
tions specified for the corresponding Reference Standard unless
otherwise specified, or unless the Reference Standard is to be

used without drying, exhibits maxima only at the same wave-
lengths as that of a similar preparation of the corresponding
USP Reference Standard.

Differences that may be observed in the spectra so obtained
sometimes are attributed to the presence of polymorphs, which
are not always acceptable (see Procedure under Spectrophotom-
etry and Light-Scattering h851i). Unless otherwise directed in the
individual monograph, therefore, continue as follows. If a differ-
ence appears in the IR spectra of the analyte and the standard,
dissolve equal portions of the test specimen and the Reference
Standard in equal volumes of a suitable solvent, evaporate the
solution to dryness in similar containers under identical condi-
tions, and repeat the test on the residues.

Physical Tests and
Determinations

BRIEFING

h659i Packaging and Storage Requirements. The fol-
lowing general test chapter provides definitions for packaging
and packaging components used to store official articles. The
chapter also provides storage definitions according to which of-
ficial articles are stored and shipped. To avoid being deemed
misbranded, drugs recognized in USP–NF must be packaged
and labeled in compliance with compendial standards, with
the proviso that the method of packing may be modified with
the consent of FDA. See FDCA sect ions 501(b) and
502(e)(3)(b), 502(g), and 21 CFR 299.5. There is also similar
specific recognition of compendial (USP–NF) packing and label-
ing standards for ‘‘deteriorative drugs’’ (FDCA section 502(h)).

It is proposed to remove the definitions pertaining to packag-
ing and storage requirements from the Preservation, Packaging,
Storage, and Labeling section in the General Notices and create
this new chapter. Every monograph has packaging and storage
requirements, along with packaging and storage terms being
used throughout the compendia.

The Packaging and Storage Expert Committee took this op-
portunity to edit, add, and delete definitions so as to reflect the
current terminology used within the pharmaceutical industry.
Listed below are the definitions that have been added to the
General Definitions section:

1. Packaging (also referred to as Container–Closure System)

2. Packaging Component

3. Primary Packaging Component

4. Secondary Packaging Component

5. Immediate Packaging

6. Tertiary Packaging

7. Materials of Construction

8. Child-Resistant

9. Impermeable

10. Semi-Permeable

11. Protection from Light

12. Dosage Cup

13. Dosing Spoon

14. Oral Syringe

In addition, the general information chapters Medicine Drop-
per h1101i and Teaspoon h1221i are being deleted, and defini-
tions are being added to new test chapter h659i.

The following definitions have been deleted from the General
Definitions section:
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1. Protection from Freezing
2. Controlled Cold Temperature

(PS: D. Hunt) RTS—C59302

Add the following:

&h659i PACKAGING AND STORAGE
REQUIREMENTS

Every monograph shall have packaging and storage re-

quirements. For drug product packaging requirements,

definitions are provided to guide selection and adapta-

tion. For drug substances, the choice would be a tight,

well-closed, or, where needed, a light-resistant container.

For excipients, given their typical presentation as large-

volume commodity items (containers ranging from

drums to tank cars), a well-closed container is an appro-

priate default. In the absence of data indicating a need

for a more protective class of container, the phrase ‘‘Pre-

serve in well-closed containers’’ should be used as a de-

fault for excipients. Options for storage conditions to

support the requirement are also provided.

PACKAGING

Packaging must not interact physically or chemically

with official articles in any way that causes their identity,

strength, quality, or purity to fail to conform to require-

ments. This chapter provides definitions of both packag-

ing and storage.

GENERAL DEFINITIONS

Packaging (also referred to as Container–Closure

System)—The sum of packaging components that to-

gether contains and protects the contents. This includes

primary packaging components and secondary packag-

ing components, if the latter is intended to provide addi-

tional protection.

Container—Receptacle which holds an intermediate

compound, active substance, excipient, or dosage form

and is in direct contact with the contents.

Packaging Component—Any single part of the pack-

age or container–closure system including the container

(e.g., ampules, pre-filled syringes, vials, bottles); contain-

er liners (e.g., tube liners); closures (e.g., screw caps,

stoppers); ferrules and overseals; closure liners; inner

seals; administration ports; overwraps; administration ac-

cessories; and labels.

Primary Packaging Component—Packaging com-

ponents that are in direct contact or may become in di-

rect contact with the article.

Secondary Packaging Component—Packaging

components that are not in direct contact with the article

but may provide additional protection.

Immediate Packaging—The composite of all primary

packaging components and all secondary packaging

components providing protection to the article.

Tertiary Packaging—Packaging components that are

not in direct contact with the article but facilitate the

handling and transport in order to prevent damage from

physical handling and storage conditions to which the

article is subjected.

Materials of Construction—Refers to the substances

(e.g., glass, plastic, elastomers, metal) used to manufac-

ture a packaging component.
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DEFINITIONS OF SPECIFIC TYPES OF PACKAGING

Multiple-Dose (also referred to as Multi-Dose)—A

packaging system that permits withdrawal of successive

portions of an article for parenteral administration with-

out changing the strength, quality, or purity of the re-

maining portion. See Multi-Dose under Injections h1i,

Volume in Container.

Multiple-Unit—A packaging system that permits with-

drawal of successive portions of an article without chang-

ing the strength, quality, or purity of the remaining

portion.

Single-Unit—A packaging system that holds a quantity

of an article intended for administration as a single dose

or a single finished device intended for use promptly after

the container is opened.

Single-Dose (see also Containers for Injections under In-

jections h1i)—Single-unit package for an article intended

for parenteral administration, directly from the primary

packaging.

Unit-Dose—A single-unit packaging system for an arti-

cle intended for administration by other than the paren-

teral route as a single dose, directly from the primary

packaging.

Unit-of-Use—A packaging system that contains a spe-

cific quantity of an article that is intended to be dis-

pensed as such without further modification except for

the addition of appropriate labeling. Unit-of-use packag-

ing may not be repackaged for sale.

Pharmacy Bulk (see also Pharmacy Bulk Package under

Injections h1i)—A packaging system for a sterile article for

parenteral use that contains many single doses.

Child-Resistant—A packaging system designed or con-

structed to meet Consumer Product Safety Commission

standards pertaining to opening by children.

Senior Friendly—A packaging system designed or con-

structed to meet Consumer Product Safety Commission

standards for opening by senior adults.

Tamper-Evident—A packaging system that may not be

accessed without obvious destruction of the seal.

Hermetic—A packaging system that is impervious to air

or any other gas under the ordinary or customary condi-

tions of handling, shipment, storage, and distribution.

Impermeable—A packaging system that provides a

permanent barrier to the passage of gases or solvents

(e.g., sealed glass ampules, sealed aluminum tubes).

Tight—A packaging system that protects the contents

from contamination by extraneous liquids, solids, or va-

pors; from loss of the article; and from efflorescence, del-

iquescence, or evaporation under the ordinary or

customary conditions of handling, shipment, storage,

and distribution. Where tight packaging is specified, it

may be replaced by hermetic packaging, generally in-

tended for a single dose of a drug. See tests under Multi-

ple-Unit Containers for Capsules and Tablets and Multiple-

Unit Containers and Unit-Dose Containers for Liquids pack-

aging in Containers—Performance Testing h671i.

Well-Closed—A packaging system that protects the

contents from contamination by extraneous solids and

liquids and from loss of the article under the ordinary

or customary conditions of handling, shipment, storage,

and distribution. See tests under Multiple-Unit Containers

for Capsules and Tablets and Multiple-Unit Containers and

Unit-Dose Containers for Liquids packaging in Containers—

Performance Testing h671i.

Pharmacopeial Forum
Vol. 36(2) [Mar.–Apr. 2010] IN-PROCESS REVISION 459

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Light-Resistant—A packaging system that protects

from the effects of light by virtue of the specific proper-

ties of the material of which it is composed, including any

coating applied to it. A clear and colorless or a translu-

cent container may be made light-resistant by means

of an opaque covering or by the use of secondary pack-

aging, in which case the label of the container bears a

statement that the opaque covering or secondary pack-

aging is needed until the contents are to be used or ad-

ministered.

MEDICAL GAS PACKAGING

Gas Cylinder—A gas cylinder is a metallic packaging

system constructed of steel or aluminum designed to

hold medical gases under pressure. Medical gases in-

clude Carbon Dioxide USP, Helium USP, Medical Air

USP, Nitric Oxide, Nitrous Oxide USP, Nitrogen NF, and

Oxygen USP. As a safety measure, for carbon dioxide, cy-

clopropane, helium, medical air, nitrous oxide, and oxy-

gen, the Pin-Index Safety System of matched fittings is

recommended for cylinders of Size E or smaller.

ASSOCIATED PACKAGING COMPONENTS

Dosing Cups—A measuring device consisting of a small

cup that is packaged with oral liquid articles and that is

marked to deliver the recommended dose.

Dosing Spoon—A measuring device consisting of a

bowl and a handle that is packaged with oral liquid arti-

cles and that is marked to deliver the recommended

dose.

Medicine Dropper—A medicine dropper consists of a

barrel made of glass or other suitable rigid transparent

or translucent plastic material that is generally fitted with

a collapsible rubber bulb.

Droppers typically vary in capacity; however, the deliv-

ery end should be a round opening having an external

diameter of about 3 mm. On the barrel of the dropper,

the graduation line should be legible and indelible. When

accuracy of dosage is important, the medicine dropper

must be calibrated with the liquid medicine for which

the dropper will be used. The dropper, when held verti-

cally, delivers water in drops, each of which weighs be-

tween 45 mg and 55 mg, and delivers no more than 2

drops per second. [Note—Few medicinal liquids have

the same surface and flow characteristics as water, and

therefore the size of drops varies materially from one

preparation to another.]

Oral Syringe—An oral syringe consists of a plunger and

barrel made of suitable rigid transparent or translucent

plastic material and a seal on the end. The syringe should

expel a measured amount of a liquid article directly into

the patients’ mouths. Finger grips located at the open

end of the barrel should be the appropriate size, shape,

and strength and should allow the syringe to be held se-

curely during use.

On the barrel of the syringe, the graduation line should

be legible and indelible. When the syringe is designed for

a particular article, the oral syringe must be calibrated

with the liquid medicine for which the syringe will be

used.

Teaspoon—A teaspoon has been established as con-

taining 4.93+ 0.24 mL. For the practice of administrat-

ing medicines, the teaspoon may be regarded as

representing 5 mL.

Articles intended for administration by teaspoon

should be formulated on the basis of dosage in 5-mL

units. Any dropper, syringe, medicine cup, special spoon,

or other device used to administer liquids should deliver

5 mL wherever a teaspoon calibration is indicated. Under

ideal conditions of use, the volume error incurred in mea-
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suring liquids for individual dose administration by

means of such calibrated devices should be not greater

than 10% of the indicated amount.

POISON PREVENTION PACKAGING ACT (PPPA)

This act requires special packaging of most human oral

prescription drugs, oral controlled drugs, certain nonoral

prescription drugs, certain dietary supplements, and

many over-the-counter (OTC) drug preparations.

The immediate packaging of substances regulated un-

der the PPPA must comply with the special packaging

standards and applies to all packaging types including re-

closable, nonclosable, and unit-dose types.

Special packaging is not required for drugs dispensed

within a hospital setting for inpatient administration and

manufacturers and packagers of bulk-packaged prescrip-

tion drugs repackaged by the pharmacist.

STORAGE CONDITIONS

Specific storage conditions are stated in some mono-

graphs, e.g., the temperature or humidity at which an ar-

ticle must be stored and shipped. Such directions apply,

except where the label on the article has different storage

conditions, which are based on stability studies. Where

no specific storage conditions are provided in the individ-

ual monograph, but the label of an article states storage

conditions based on stability studies, such labeled stor-

age directions apply (see Pharmaceutical Stability

h1150i). Current storage conditions for articles are de-

scribed by the following terms.

Freezer—A place in which the temperature is actively or

passively maintained between –258 and –108 (–138 and

–148 F).

Refrigerator—A place in which the temperature is ac-

tively or passively maintained between 28 and 88 (368

and 468 F).

Cold—Any temperature not exceeding 88 (468 F).

Cool—Any temperature between 88 and 158 (468 and

598 F). [Note—An article for which storage in a cool place

is directed may, alternatively, be stored and shipped as

refrigerated, unless otherwise specified by the individual

monograph.]

Room Temperature—The temperature prevailing in a

work area.

Controlled Room Temperature—The temperature

maintained in and that encompasses the usual and cus-

tomary working environment of 208 to 258 (688 to 778

F). The following conditions also apply.

The mean kinetic temperature shall not exceed 258.

The mean kinetic temperature is a calculated value that

may be used as an isothermal storage temperature that

simulates the nonisothermal effects of storage tempera-

ture variations. (See also Pharmaceutical Stability h1150i.)

Excursions between 158 and 308 (598 and 868 F) that

are experienced in pharmacies, hospitals, and warehous-

es are allowed, provided the mean kinetic temperature

remains in the allowed range.

Transient spikes up to 408 are permitted as long as they

do not exceed 24 hours. Spikes above 408 may be per-

mitted only if the manufacturer so instructs.

Articles may be labeled for storage at ‘‘controlled room

temperature’’ or at ‘‘up to 258’’, or other wording based

on the same mean kinetic temperature.

An article for which storage at Controlled Room Temper-

ature is directed may, alternatively, be stored and shipped

in a cool place or refrigerated, unless otherwise specified

in the individual monograph or on the label.

Warm—Any temperature between 308 and 408 (868

and 1048 F).

Excessive Heat—Any temperature above 408 (1048 F).
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Dry Place—The term ‘‘dry place’’ denotes a place that

does not exceed 40% average relative humidity at Con-

trolled Room Temperature or the equivalent water vapor

pressure at other temperatures. The determination may

be made by direct measurement at the place or may be

based on reported climatic conditions. Determination is

based on not less than 12 equally spaced measurements

that encompass either a season, a year, or, where record-

ed data demonstrate, the storage period of the article.

There may be values of up to 45% relative humidity pro-

vided that the average value does not exceed 40% rela-

tive humidity. Storage in a container validated to protect

the article from moisture vapor, including storage in

bulk, is considered a dry place.

Protection from Light—Storage of an article in a con-

tainer made of a material that absorbs actinic light suffi-

ciently to protect the contents from change induced by

such light, or in a container enclosed in an outer cover

that provides such protection, or in a place from which

all light is excluded.

Storage under Nonspecified Conditions—Where no

specific directions or limitations are provided in the Pack-

aging and Storage section of individual monographs or in

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

clude storage at controlled room temperature, protec-

tion from moisture, and, where necessary, protection

from light. Active pharmaceutical ingredients are exempt

from this standard.&1S (USP34)

BRIEFING

h761i Nuclear Magnetic Resonance, USP 32 page 296.
As part of USP’s effort to modernize and improve monographs
and general chapters, the USP advisory panel on NMR proposes
to make the following revisions:

1. Delete the contents in the existing chapter, and replace the
contents with entirely new text to include the modern in-
struments and practices.

2. Create a new informational general chapter: Applications of
Nuclear Magnetic Resonance Spectroscopy h1761i.

The proposed general chapter Nuclear Magnetic Resonance
Spectroscopy h761i mainly covers instrument qualification and
method validation. Informational chapter Applications of Nucle-
ar Magnetic Resonance Spectroscopy h1761i discusses theory, in-
strumentation, and practices. This chapter also provides some
guidance on sample preparation.

(AER: K. Zaidi) RTS—C73265

Change to read:

h761i NUCLEAR MAGNETIC
RESONANCE

&h761i NUCLEAR MAGNETIC
RESONANCE

SPECTROSCOPY&1S (USP34)

Nuclear magnetic resonance (NMR) spectroscopy is an ana-
lytical procedure based on the magnetic properties of certain
atomic nuclei. It is similar to other types of spectroscopy in that
absorption or emission of electromagnetic energy at character-
istic frequencies provides analytical information. NMR differs in
that the discrete energy levels between which the transitions
take place are created artificially by placing the nuclei in a mag-
netic field.

Atomic nuclei are charged and behave as if they were spin-
ning on the nuclear axis, thus creating a magnetic dipole of mo-
ment m along this axis. The angular momentum of the spinning
nucleus is characterized by a spin quantum number (I). If the
mass number is odd, I is or an integer plus ; otherwise, it has
a value of 0 or a whole number.

Nuclei having a spin quantum number, I 6¼ 0, when placed in
an external uniform static magnetic field of strength, H0, align
with respect to the field in (2I + 1) possible orientations. Thus,
for nuclei with I = , which include most isotopes of analytical
significance (Table 1), there are two possible orientations, cor-
responding to two different energy states. A nuclear resonance
is the transition between these states, by absorption or emission
of the corresponding amount of energy. In a static magnetic
field the nuclear magnetic axis precesses (Larmor precession)
about the external field axis. The precessional angular velocity,
o0, is related to the external magnetic field strength through
the equation:

in which g is the magnetogyric ratio and is a constant for all nu-
clei of a given isotope. If energy from an oscillating radio-fre-
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quency field is introduced, the absorption of radiation takes
place according to the relationship:

where h is Planck’s constant, and

Thus, when the frequency (�0) of the external energy field (E =
h�) is the same as the precessional angular velocity, resonance is
achieved.

The energy difference between the two levels corresponds to
electromagnetic radiation in the radio-frequency range. It is a
function of g, which is a property of the nucleus, and H0, the
external field strength. As shown in Table 1, the resonance fre-
quency of a nucleus increases with the increase of the magnetic
field strength.

NMR is a technique of high specificity but relatively low sen-
sitivity. The basic reason for the low sensitivity is the compara-
tively small difference in energy between the excited and the
ground states (0.02 calories at 15 to 20 kilogauss field
strength), which results in a population difference between
the two levels of only a few parts per million. Another important
aspect of the NMR phenomenon, with negative effects on the
sensitivity, is the long lifetime of most nuclei in the excited state,
which affects the design of the NMR analytical test, especially in
pulsed repetitive experiments. Simultaneous acquisition of the
entire spectrum instead of frequency-swept spectra can give
sensitivity enhancement.

Apparatus

The distinctive components of an NMR spectrometer are a
magnet and a source of radio frequency. The instruments are
described by the approximate resonance frequency of the ana-
lytical nucleus, e.g., 1H NMR. More recently, instruments are be-
ing referred to by their field strengths. Some spectrometers are
dedicated to the analysis of one type of nucleus; others are de-
signed to obtain spectra of different nuclei.

There are two types of commercial NMR spectrometers: the
classical continuous wave (CW) instruments and the more
modern pulse Fourier-transform (FT) instruments. The CW
spectrometers use a technique similar to that of classical optical
spectrometers: a slow scan of radio frequency (at fixed magnet-
ic field) or of the magnetic field (at fixed radio frequency) over a

domain corresponding to the resonance of the nuclei being
studied. The signal generated by the absorption of energy is de-
tected, amplified, and recorded.

Various instrument configurations are possible. The arrange-
ment of a typical double-coil spectrometer, as one might see in
the lower resolution 60-MHz and 100-MHz CW instruments, is
illustrated in Figure 1.

Fig. 1. Block diagram of a typical NMR spectrometer.

The limitations of the CW spectrometers are low sensitivity
and long analysis time. In pulsed NMR spectrometers, a single
pulse of radio frequency energy is used to simultaneously acti-
vate all nuclei. The excited nuclei returning to the lower energy
level generate a free induction decay (FID) signal that contains
in a time domain all the information obtained in a frequency
domain with a CW spectrometer. The time domain and the fre-
quency domain responses form a pair of FTs; the mathematical
operation is performed by a computer after analog-to-digital
conversion. After a delay allowing for relaxation of the excited
nuclei, the pulse experiment (transient) may be repeated and
the response coherently added in the computer memory, with
random noise being averaged out. (A similar signal-to-noise in-
crease can be obtained by combining CW spectrometers with
computers that average transients.)

The block diagram of a typical high-resolution pulsed spec-
trometer is shown in Figure 2. It is a typical configuration of
the high-resolution spectrometer that uses a superconducting
(cryogenic) solenoid as the source of the magnetic field. Intro-
duction of the pulsed NMR spectrometer has made the acqui-
sition of spectra of many nuclei, other than protons, routine. It
has also allowed proton spectra to be obtained in much less
time, and with smaller amounts of specimen, as compared to
CW techniques.

Table 1. Properties of Some Nuclei Amenable to NMR Study

Resonance Frequency (MHZ) at

Nucleus I Natural Abundance, % Sensitivity 1.4093 T* 2.3488 T 4.6975 T
1H 99.98 1.00 60.000 100.000 200.000
13C 1.108 0.0159 15.087 25.144 50.288
19F 100 0.83 56.446 94.077 188.154
31P 100 0.0663 24.289 40.481 80.961
11B (3/2) 80.42 0.17 19.250 32.084 64.167

* T = tesla: 1.4093 T = 14.093 kilogauss.
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Fig. 2. Block diagram of a typical pulsed FT-NMR spectrometer.

NMR spectrometers have strict stability and homogeneity re-
quirements. Stability is often achieved by a field-frequency lock-
ing system that ‘‘locks’’ the magnetic field to the resonance
frequency of a reference signal. The lock signal can be homo-
nuclear or heteronuclear. In the latter case, the reference reso-
nance is usually a deuterium signal from a deuterated solvent.
On older spectrometers, using deuterium as a locking nucleus
permits noise decoupling of protons to be carried out while
studying nuclei like 13C. While internal homonuclear locks are
still used in CW proton spectrometers (where tetramethylsilane
at about 0.5% provides a convenient lock), they are hardly ever
used in pulsed FT spectrometers.

No type of magnet is capable of producing a homogeneous
field over the space occupied by the specimen. Two techniques
are usually employed to compensate for this lack of homogene-
ity: specimen spinning and the use of additional (shim) coils.
Because of design, particularly probe design, the spinning in
the case of the electromagnet or permanent magnet is perpen-
dicular to the basic field. In the superconducting magnet, the
axis of rotation can only be parallel to the basic magnetic field.
The spin rate should be sufficient to produce averaging of the
field, but not fast enough to produce an extended vortex in the
specimen tube. A vortex extended near the region exposed to
the radio-frequency coils decreases resolution. The shim coils
are adjusted by the operator until instrumental contributions
to the observed line width are minimized.

An electronic integrator is a feature of most NMR spectro-
meters. On a CW instrument (1H and 19F) the integrator, con-
nected to the spectrometer output stage, determines the
relative areas of the resonance peaks and presents these areas
as a series of stepped horizontal lines when a sweep is made in
the integration mode. On FT-NMR spectrometers, an integra-
tion algorithm is included in the spectrometer software, and
the resonance peak areas may be presented graphically as
stepped lines or tabulated as numeric values. The use of com-
puter-generated tabulated/numeric integration data should
not be accepted without a specific demonstration of precision
and accuracy on the spectrometer in question.

The Spectrum

The signals (peaks) in an NMR spectrum are characterized by
four attributes: resonance frequency, multiplicity, line width,
and relative intensity. The analytical usefulness of the NMR
technique resides in the fact that the same types of nuclei, when
located in different molecular environments, exhibit different
resonance frequencies. The reason for this difference is that
the effective field experienced by a particular nucleus is a com-
posite of the external field provided by the instrument and the
field generated by the circulation of the surrounding electrons.
(The latter is generally opposed to the external field and the
phenomenon is called ‘‘shielding.’’) In contrast with other spec-
troscopic methods, it is not possible to measure accurately the
absolute values of transition frequencies. However, it is possible
to measure accurately the difference in frequencies between

two resonance signals. The position of a signal in an NMR spec-
trum is described by its separation from another resonance sig-
nal arbitrarily taken as standard. This separation is called
chemical shift.

The chemical shift, being the difference between two reso-
nance frequencies, is directly proportional to the magnetic field
strength (or to the frequency of the oscillator). However, the
ratio between the chemical shift, in frequency units, and the in-
strument frequency is constant. This allows definition of a di-
mensionless chemical shift parameter (d) that is independent
of the instrument frequency:

in which �s is the test substance line frequency, �r is the refer-
ence line frequency, �o is the instrument frequency, in mHz,
and dr is the chemical shift of the reference.

By employing the above equation, it is possible to use (with
appropriate caution) the chemical shift of any known species
(such as the residual 1H-containing species in deuterated sol-
vent) as a chemical shift reference. The above equation, now
in common use, is applicable to nearly all methods except in
the relatively rare cases where extremely precise chemical shift
values must be determined, and is readily adaptable to nuclei
where non-zero reference standards are the only practical
method of chemical shift determinations.

For CW instruments, tetramethylsilane (TMS) is the most
widely used chemical shift reference for proton and carbon
spectra. It is chemically inert, exhibits only one line, which is
at a higher field than most signals, and is volatile, thus allowing
for ready specimen recovery. Sodium 3-(trimethylsilyl)propio-
nate (TSP) or sodium 2,2-dimethyl-2-silapentane-5-sulfonate
(DSS) are used as NMR references for aqueous solutions. The
resonance frequency of the TSP or DSS methyl groups closely
approximate that of the TMS signal; however, DSS has the dis-
advantage of showing a number of methylene multiplets that
may interfere with signals from the test substance. Where the
use of an internal NMR reference material is not desirable, an
external reference may be used.

Conventional NMR spectra are shown with the magnetic
field strength increasing from left to right. Nuclei that resonate
at high magnetic field strengths (to the right) are said to be
more shielded (greater electron density) than those that reso-
nate at lower magnetic field strengths: these are said to be de-
shielded (lower electron density).

Figure 3 shows the proton NMR spectrum of 2,3-dimethyl-2-
butenyl methyl ether. This compound contains protons in a
methylene group (marked d in the graphic formula) and in four
methyl groups (a, a, b, and c). Methyl groups b and c are situ-
ated in distinctly different molecular environments than the
two a methyl groups. Three different methyl proton resonances
are observed as spectral peaks in addition to the peak corre-
sponding to methylene proton resonance. The two a methyl
groups, being in very similar environments, have the same
chemical shift. Interaction between magnetically active nuclei
situated within a few bond lengths of each other leads to cou-
pling, which results in a mutual splitting of the respective sig-
nals into sets of peaks or multiplets.
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Fig. 3. NMR spectrum of 2,3-dimethyl-2-butenyl methyl ether
(15% in CCl4) showing four nonequivalent, apparently

uncoupled protons with a normal integral trace (peak area ratio
from low H0 to high H0 of 2 : 3 : 3 : 6). (Tetramethylsilane, the

NMR Reference, appears at 0 ppm.) The system of units
represented by d is defined under The Spectrum, in this chapter.

The coupling between two nuclei may be described in terms
of the spin-spin coupling constant, J, which is the separation (in
hertz) between the individual peaks of the multiplet. Where two
nuclei interact and cause reciprocal splitting, the measured cou-
pling constants in the two resulting mutiplets are equal. Fur-
thermore, J is independent of magnetic field strength.

In a first-order, comparatively noncomplex spin system, the
number of individual peaks that are expected to be present in a
multiplet and the relative peak intensities are predictable. The
number of peaks is determined by 2 nI + 1, where n is the num-
ber of nuclei on adjacent groups that are active in splitting. For
protons this becomes (n + 1) peaks. In general, the relative in-
tensity of each peak in the multiplet follows the coefficient of
the binomial expansion (a + b)n. These coefficients may conve-
niently be found by use of Pascal’s triangle, which produces the
following relative areas for the specified multiplets: doublet,
1 : 1; triplet, 1 : 2 : 1; quartet, 1 : 3 : 3 : 1; quintet, 1 : 4 : 6 : 4 : 1;
sextet, 1 : 5 : 10 : 10 : 5 : 1; and septet, 1 : 6 : 15 : 20 : 15 : 6 : 1.
This orderly arrangement, generally referred to as first-order be-
havior, may be expected when the ratio of D� to J is greater
than about 10; D� is the chemical shift difference between
two nuclei or two groups of equivalent nuclei. Two examples
of idealized spectra arising from first-order coupling are shown
in Figure 4. Figure 5 shows a spectrum displaying triplet signals
resulting from the mutual splitting of two adjacent methylene
groups.

Fig. 4. Diagrammatic representation of simple first-order
coupling of adjacent protons.

Fig. 5. NMR spectrum of 3-keto-tetrahydrofuran (10% in CCl4)
showing three nonequivalent protons, with a normal integral
trace (peak area ratio from low H0 to high H0 of 1 : 1 : 1). Note
two sets of methylene groups coupled to each other at 4.2 and
2.4 ppm. (Tetramethylsilane, the NMR Reference, appears at 0

ppm.)

Coupling may occur between 1H and other nuclei, such as 19F,
13C, and 31P. In some cases, e.g., in the CW mode, the coupling
constants may be large enough so that part of the multiplet is
off scale at either the upfield or downfield end. This type of cou-
pling may occur over the normal ‘‘three-bond distance,’’ as for
1H-1H coupling.

Magnetically active nuclei with I�1, such as 14N, possess an
electrical quadrupole moment, which produces line-broaden-
ing of the signal due to neighboring nuclei.
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Another characteristic of the signal, its relative intensity, has
wide analytical applications. In carefully designed experiments
(see the section General Method), the area or intensity of a signal
is directly proportional to the number of protons giving rise to
the signal. As a result, it is possible to determine the relative ra-
tio of the different kinds of protons or other nuclei in a speci-
men or to perform NMR assays with the aid of an internal
standard.

The NMR spectra may contain extraneous signals due to the
inhomogeneity of the magnetic field throughout the specimen.
These artifacts, called spinning side bands, appear as minor
lines symmetrically located around each signal. The presence
of large spinning side bands indicates that the non-spinning
shims require adjustment. The separation is equal to the fre-
quency of the specimen tube spin rate or some integral multiple
of that frequency. Thus, spinning side bands are readily identi-
fiable.

General Method

Inadequate specimen preparation or incorrect instrumental
adjustments and parameters may lead to poor resolution, de-
creased sensitivity, spectral artifacts, and erroneous data. It is
preferable that the operator be familiar with the basic theory
of NMR, the properties of the specimen, and the operating
principles of the instruments. Strict adherence to the instruction
manuals provided by the manufacturer and frequent checks of
the performance of the instrument are essential.

The method and procedures discussed here refer specifically
to 1H (proton) and 19F NMR. They are applicable, with modifi-
cation, to other nuclei. The discussion presumes that the NMR
spectra are obtained from liquid test substances or solutions in
suitable solvents.

Selection of Solvent—In addition to having good solubility
properties, suitable solvents do not exhibit resonance peaks
that obscure resonance peaks of the specimen being analyzed.
The most commonly used solvents for proton and carbon NMR
are listed in Table 2. Deuterated solvents also provide the signal
for the heteronuclear system lock. If solvent peaks might inter-
fere with any signals from the specimen, then the isotopic pu-
rity of the solvent should be as high as possible. Deuterium (I =
1) does not exhibit resonance under 1H conditions but may
cause J-coupling to be observed. The residual protons generate
solvent peaks whose chemical shifts are shown in Table 2.

Table 2. Solvents Commonly Used for Proton NMR

Solvent Residual Proton Signal, da

CCl4b —
CS2

b —
SO2 (liquid) —
(CF3)2CO —
CDCl3 7.27
CD3OD 3.35, 4.8c

(CD3)2CO 2.05
D2O 4.7c

DMSO-d6
d 2.50

C6D6 7.20
p-Dioxane-d8 3.55
CD3CO2D 2.05, 8.5c

DMF-d7
e 2.77, 2.93, 8.05

a d in ppm relative to tetramethylsilane arbitrarily taken as 0d or
0 ppm.
b Spectrophotometric grade.
c Highly variable; depends on solute and temperature.
d Dimethyl sulfoxide-d6.
e N,N-Dimethylformamide-d7 per Aldrich, Alfa, Fluka, and Sig-
ma catalogs.

Some solvents (e.g., D2O or CD3OD) enter into fast exchange
reactions with protons and may eliminate resonance signals
from –COOH, –OH, and –NH2 structural groups. The protons
in alcohols and amines do not take part in rapid exchange un-
less catalyzed by small concentrations of acid or base, except in
the presence of D2O and some other solvents (e.g., CD3OD).

For 19F NMR, most solvents used in proton NMR may be em-
ployed, the most common ones being CHCl3, CCl4, H2O, CS2,
aqueous acids and bases, and dimethylacetamide. In general,
any nonfluorinated solvent may be used, provided that it is of
spectral quality. Obviously, there is no interference from the
protonated functional groups of the solvent. However, unless
they are decoupled, protonated functional groups on the 19F-
containing specimen will provide J-coupling.

Specimen Preparation—Directions are usually given in in-
dividual monographs. The solute concentration depends on
the objective of the experiment and on the type of instrument.
Detection of minor contaminants may require higher concen-
trations. The solutions are prepared in separate vials and trans-
ferred to the NMR specimen tube. The volume required
depends on the size of the specimen tube and on the geometry
of the instrument. The level of the solution in the tube must be
high enough to extend beyond the coils when the tube is in-
serted in the instrument probe and spun.

The NMR specimen tubes must meet narrow tolerance spe-
cifications in diameter, wall thickness, concentricity, and cam-
ber. The most widely used tubes have a 5- or 10-mm outside
diameter and a length of between 15 and 20 cm. Microtubes
are available for the analysis of small amounts of specimen.

Procedure—The specimen tube is placed in a probe located
in the magnetic field. The probe contains electronic circuitry in-
cluding the radio-frequency coil(s), and is provided with attach-
ments for the air supply that spins the specimen tubes.

Instrument adjustments are made before each experiment.
The spinning rate of the specimen tube is adjusted so that spin-
ning side bands do not interfere with the peaks of interest and
the vortex does not extend beyond the coils in the probe. To
optimize the instrument performance, the magnetic shim gra-
dients on FT-NMR spectrometers are adjusted. In adjusting re-
solution on CW spectrometers, a good indicator is the definite
‘‘ringing’’ of the TMS peak. The phenomenon of ringing is the
oscillation of the recorder trace after the magnetic field has
passed through a resonance frequency. Ringing, evident on a
number of the peaks in Figures 5 and 6, arises during rapid scans
and decays exponentially to the baseline value. Figure 7 clearly
indicates the absence, in an FT experiment, of the ringing phe-
nomenon. Ringing will not appear because the spectrum ob-
tained is the result of analysis of the FID by Fourier
transformation and not a magnetic field or frequency sweep
through the individual resonance positions.
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Fig. 6. Continuous wave proton spectrum of ethyl ether.

Fig. 7. Proton NMR spectrum of ethyl ether in deuterated
chloroform.

With proton CW instruments the spectrum is scanned from 0
ppm to about 10 ppm with a scan time of about 1 to 5 minutes.
The amplification is adjusted so that all peaks remain on scale. If
the response is low at reasonable amplitude, the radio-frequen-
cy power is increased to obtain the highest possible peak re-
sponse without peak broadening. After the initial scan, the
presence of peaks downfield of 10 ppm is quickly checked by
off-setting the instrument response by about 5 ppm. With
CW instrumentation, it is common for the TMS peak to shift
slightly during an extended scan. The extent of the shift is us-
ually obtained by comparing the relative positions of another
peak in the initial scan with the same peak in the offset scan.

The operation of an FT-NMR spectrometer is a much more
elaborate experiment. The computer serves to control the spec-
trometer, to program the experiment, and to store and process
the data. Programming the experiment involves setting values
for a large number of variables including the spectral width to
be examined, the duration (‘‘width’’) of the excitation pulse,
the time interval over which data will be acquired, the number
of transients to be accumulated, and the delay between one ac-
quisition and the next. The analysis time for one transient is in
the order of seconds. The number of transients is a function of
the specimen concentration, the type of nucleus, and the ob-
jective of the experiment. At the end of the experiment, the FID
signal is stored in digitized form in the computer memory and is
displayed on the video screen. The signal can be processed
mathematically to enhance either the resolution or the sensitiv-

ity, and it can be Fourier-transformed into a frequency-domain
spectrum. The instrument provides a plot of the spectrum. The
integration routine, accessed through keyboard commands, re-
sults in a stepped-line plot. Considerably more accurate inte-
grals are obtained if the signals or regions of interest are
separately integrated.

FT-NMR spectrometers may yield qualitative and quantitative
data from the same experiment, but this is seldom done in prac-
tice. In quantitative FT experiments, special precautions must
be taken for the signal areas to be proportional to the number
of protons. The delays between pulses must be long enough to
allow complete relaxation of all excited nuclei. This results in a
considerable increase in analysis time and in some loss of reso-
lution. Qualitative analysis is usually performed in nonquantita-
tive conditions, with the design of the experiment directed to
fast analysis with maximum resolution or sensitivity.

Qualitative and Quantitative Analysis

NMR spectroscopy has been used for a wide range of appli-
cations such as structure elucidation; thermodynamic, kinetic,
and mechanistic studies; and quantitative analysis. Some of
these applications are beyond the scope of compendial meth-
ods.

All five characteristics of the signal—chemical shift, multiplic-
ity, line width, coupling constants, and relative intensity—con-
tribute analytical information.

Qualitative Applications—Comparison of a spectrum
from the literature or from an authentic specimen with that
of a test specimen may be used to confirm the identity of a
compound and to detect the presence of impurities that gen-
erate extraneous signals. The NMR spectra of simple structures
can be adequately described by the numeric value of the chem-
ical shifts and coupling constants, and by the number of pro-
tons under each signal. (The software of modern instruments
includes programs that generate simulated spectra using these
data.) Experimental details, such as the solvent used, the spec-
imen concentration, and the chemical shift reference, must also
be provided.

For unknown specimens, NMR analysis, usually coupled with
other analytical techniques, is a powerful tool for structure elu-
cidation. Chemical shifts provide information on the chemical
environment of the nuclei. Extensive literature is available with
correlation charts and rules for predicting chemical shifts. The
multiplicity of the signals provides important stereochemical in-
formation. Mutual signal splitting of functional groups indicates
close proximity. The magnitude of the coupling constant, J, be-
tween residual protons on substituted aromatic, olefinic, or cy-
cloalkyl structures is used to identify the relative position of the
substituents.

Several special techniques (double resonance, chemical ex-
change, use of shift reagents, two-dimensional analysis, etc.)
are available to simplify some of the more complex spectra,
to identify certain functional groups, and to determine cou-
pling correlations.

Double resonance, or spin decoupling, is a technique that re-
moves the coupling between nuclei and thus simplifies the
spectrum and identifies the components in a coupling relation-
ship. For example, in a simple two-proton system, generally
designated an AX system (see Figure 4), each proton appears
as a doublet. If a strong radio-frequency field is introduced at
the frequency of X, while the normal radio-frequency field is
maintained at the frequency that causes A to resonate, the cou-
pling between A and X is removed (homonuclear decoupling).
A is no longer split, but instead appears as a singlet. Routine 13C
spectra are obtained under proton decoupling conditions that
remove all heteronuclear 13C-1H couplings. As a result of this de-
coupling, the carbon signals appear as singlets, unless other nu-
clei that are not decoupled are present (e.g., 19F, 31P).

Functional groups containing exchangeable protons bound
to hetero-atoms such as –OH, –NH2, or –COOH groups may be
identified by taking advantage of the rapid exchange of these
protons with D2O. To determine the presence and position of
these groups, scan the test substance in CDCl3 or DMSO-d6,
then add a few drops of D2O to the specimen tube, shake,
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and scan again. The resonance peaks from these groups col-
lapse in the second scan and are replaced by the HDO singlet
between 4.7 and 5.0 ppm.

This chemical exchange is an example of the effect of intermo-
lecular and intramolecular rate processes on NMR spectra. If a
proton can experience different environments by virtue of such
a process (tautomerism, rotation about a bond, exchange equi-
libria, ring inversion, etc.), the appearance of the spectrum will
be a function of the rate of the process. Slow processes (on an
NMR time scale) result in more than one signal, fast processes
average these signals to one line, and intermediate processes
produce broad signals.

The software of modern FT-NMR spectrometers allows for se-
quences of pulses much more complex than the repetitive ac-
cumulation of transients described above. Such experiments
include homonuclear or heteronuclear two-dimensional analy-
sis, which determines the correlation of couplings and may sim-
plify the interpretation of otherwise complex spectra.

Quantitative Applications—If appropriate instrument
settings for quantitative analysis have been made, the areas
(or intensities) of two signals are proportional to the total num-
ber of protons generating the signals.

If the two signals originate from two functional groups of the
same molecule, the equation can be simplified to

in which n1 and n2 are the number of protons in the respective
functional groups.

If the two signals originate from different molecular species,

where m1 and m2 are the numbers of moles; W1 and W2 are the
masses; and M1 and M2 are the molecular weights of com-
pounds 1 and 2, respectively.

Examination of Equations 2 and 3 shows that NMR quantita-
tive analysis can be performed in an absolute or relative man-
ner. In the absolute method, an internal standard is added to
the specimen and a resonance peak area arising from the test
substance is compared with a resonance peak area from the in-
ternal standard. If both test substance and internal standard are
accurately weighed, the absolute purity of the substance may
be calculated. A good internal standard has the following pro-
perties: it presents a reference resonance peak, preferably a sin-
glet, at a field position removed from all specimen peaks; it is
soluble in the analytical solvent; its proton equivalent weight,
i.e., the molecular weight divided by the number of protons
giving rise to the reference peak, is low; and it does not interact
with the compound being tested. Typical examples of useful
standards are 1,2,4,5-tetrachlorobenzene, 1,4-dinitrobenzene,
benzyl benzoate, and maleic acid. The choice of a standard will
be dictated by the spectrum of the specimen.

The relative method may be used to determine the molar
fraction of an impurity in a test substance (or of the compo-
nents in a mixture) as calculated by Equation 3.

Quantitative analysis, as well as detection of trace impurities,
is markedly improved with modern instrumentation. Stronger
magnetic fields and the ability to accumulate and/or average
signals over long periods of time greatly enhance the sensitivity
of the method.

Absolute Method of Quantitation—Where the individu-
al monograph directs that the Absolute Method of Quantitation
be employed, proceed as follows.

Solvent, Internal Standard, and NMR Reference—Use as direct-
ed in the individual monograph.

Test Preparation—Transfer an accurately weighed quantity of
the test substance, containing about 4.5 proton mEq, to a
glass-stoppered, graduated centrifuge tube. Add about 4.5
proton mEq of Internal Standard, accurately weighed, and 3.0
mL of Solvent, insert the stopper, and shake. When dissolution is
complete, add about 30 mL (30 mg if a solid) of NMR Reference,
provided that it does not interfere with subsequent measure-
ments, and shake.

Procedure—Transfer an appropriate amount (0.4 to 0.8 mL)
of Test Preparation to a standard 5-mm NMR spinning tube,
and record the spectrum, adjusting the spin rate so that no
spinning side bands interfere with the peaks of interest. Mea-
sure the area under each of the peaks specified in the individual
monograph by integrating not fewer than five times. Record
the average area of the Internal Standard peak as AS and that
of the Test Preparation peak as AU.

Calculate the quantity, in mg, of the analyte in the Test Prep-
aration by the formula:

in which WS is the weight, in mg, of Internal Standard taken; and
EU and ES are the proton equivalent weights (i.e., the molecular
weights divided by the number of protons giving rise to the ref-
erence peak) of the analyte and the Internal Standard, respec-
tively.

Relative Method of Quantitation—Where the individual
monograph directs that the Relative Method of Quantitation be
employed, proceed as follows.

Solvent, NMR Reference, and Test Preparation—Use as directed
under Absolute Method of Quantitation.

Procedure—Transfer an appropriate amount (0.4 to 0.8 mL)
of Test Preparation to a standard 5-mm NMR spinning tube,
and record the spectrum, adjusting the spin rate so that no
spinning side bands interfere with the peaks of interest. Mea-
sure the area or intensity under each of the peaks specified in
the individual monograph by integrating not fewer than five
times. Record the average area or intensity resulting from the
resonances of the groups designated in the individual mono-
graph as A1 and A2.

Calculate the quantity, in mole percent, of the analyte in the
Test Preparation by the formula:

in which n1 and n2 are, respectively, the numbers of protons in
the designated groups.
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&INTRODUCTION

Nuclear magnetic resonance (NMR) spectroscopy is an

analytical method based on the magnetic properties of

certain atomic nuclei. As is the case with other types of

spectroscopy, absorption or emission of electromagnetic

energy at characteristic frequencies provides structural

information. NMR differs from other types of spectrosco-

py because the discrete energy levels between which the

transitions take place are only present when the nuclei

are placed in a magnetic field.

Although widely recognized as one of the most power-

ful structure-elucidation tools available, with proper ex-

perimental design, it can also be used for accurate

qualitative and quantitative measurements. For addition-

al information about current uses of NMR spectroscopy,

see general chapter Applications of Nuclear Magnetic Reso-

nance Spectroscopy h1761i.

QUALIFICATION OF NMR INSTRUMENTS

Qualification of an NMR instrument can be divided in-

to three elements: Installation Qualification (IQ), Opera-

tional Qualification (OQ), and Performance Qualification

(PQ). For further discussion, see general information

chapter Analytical Instrument Qualification h1058i.

Installation Qualification

The IQ requirements provide evidence that the hard-

ware and software are installed to accommodate safe

and effective use of the instrument at the desired loca-

tion.

Operational Qualification

In OQ, an instrument’s performance is characterized

using standards to verify that the system operates within

target specifications. The purpose of OQ is to demon-

strate that instrument performance is suitable. Because

so many different approaches are available for measuring

NMR spectra, OQ using standards with known spectral

properties is recommended. Use external traceable refer-

ence standard materials in addition to the instrument’s

internal quality control procedures. NMR instruments

should be qualified against target specifications for the

intended application.

Performance Qualification

PQ helps to determine that the instrument is capable of

meeting the user’s requirements for all critical-to-quality

(CTQ) measures. PQ documentation should describe the

following:

1. The definition of the specific performance criteria

and detailed test procedures with samples and par-

ameters

2. The parameters that will be measured to evaluate the

criteria and the predefined specifications

3. The test interval, which may be daily or time-of-use

and may include bracketing samples or groups of

samples

4. Defined corrective actions if the spectrometer does

not pass the specifications.
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Periodic PQ should include a subset of the IQ tests to

ensure that the instrument is performing at a level that

produces data that are suitable for its intended use. Its

purpose is not to ensure that all aspects of the instrument

pass the manufacturer’s specifications. Depending on

typical use, the specifications for PQ may be higher or

lower than the manufacturer’s installation specifications.

Typical CTQs include signal-to-noise (S/N) ratio and reso-

lution tests for all nuclei of interest. Method-specific PQ

tests, also known as system suitability tests, may be used

in lieu of PQ requirements for validated procedures.

The PQ samples and tests in the following subsections

are typical examples only. Other tests and samples can be

used to establish specifications for specific purposes. In-

strument vendors often provide samples and test param-

eters that can be used as part of the IQ package.

RESOLUTION AND LINESHAPE MEASUREMENT—1H NMR

(see Figure 1)

Sample: 1% chloroform in acetone-d6, 3% chloro-

form in acetone-d6 for5 400 MHz (degassed and sealed)

Spectra width: Approximately 500 Hz

Data acquisition time: 10 s

Flip angle: 908

Recycle time: 60 s

Spinning rate: 20 Hz

Pulse sequence: Single pulse with no decoupling

Processing: No line broadening, zero-filling to

128 k

Figure 1. 1H NMR spectrum of chloroform in acetone-d6 obtained at 400 MHz 1

1 The linewidth measured at 0.55 and 0.22% of the 13C satel-
lites was 2.7 and 5.5 Hz, respectively.
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Shim the magnet as well as possible, acquire a single

scan, phase to pure absorption, and measure the line-

width at 50%, 0.55%, and 0.11% maximum intensity.

The linewidth should pass specifications at these posi-

tions, and, in addition, the lineshape should be Lorent-

zian. This test is used to assess the overall shimming

quality but is also commonly used to assess the static

shim setting quality by measurement of the intensity of

the spinning sidebands as a percentage of the main peak

intensity. As the static and spinning shims interact, it is

appropriate to require that both the main peak linewidth

and spinning sideband intensity specifications be passed

simultaneously, i.e., in a single spectrum.

S/N MEASUREMENTS—1H NMR

(see Figure 2)

Sample: 0.1% ethylbenzene in chloroform-d, 1%

ethylbenzene in chloroform-d (5 200 MHz degassed

and sealed)

Spectral width: 10 ppm

Data acquisition time: 400 ms

Flip angle: 908

Recycle time: 60 s

Spinning rate: Approximately 20 Hz

Pulse sequence: Single pulse with no decoupling

Processing: Exponential with 1-Hz line broadening

Referencing: Tetramethylsilane (TMS) = 0.0 ppm or

the center of the quartet = 2.65 ppm

Figure 2. 1H NMR spectrum of 0.1% ethylbenzene obtained at 100.6 MHz with a signal to noise of 550 : 1
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The concentration of ethylbenzene should be chosen

to achieve S/N ratio specifications in the range of 20–

1000. Concentrations that typically result in measure-

ments outside that range are of limited utility in assessing

the performance of the instrument. The magnet should

be shimmed as well as possible. For best results, the shim-

ming should be sufficient to pass the resolution and line-

shape tests. Acquire a single scan, phase the spectrum in

pure absorption mode, and measure the S/N of the

ethylbenzene quartet as follows: Measure the amplitude

A from the center of the baseline to the peak of one of the

central two lines in the quartet. Measure the peak-to-

peak noise height H from the lowest noise peak to the

highest noise peak in the 3–5 ppm region. The noise

may be vertically multiplied by a factor for accurate mea-

surement of high signal-to-noise spectra. Calculate the S/

N as follows:

S/N = k 6 2.5 6 A/H [1]

where k is the vertical expansion factor of the noise re-

gion used. The factor of 2.5 converts the peak-to-peak

S/N to root-mean-squared (rms) noise, which is the stan-

dard convention for reporting S/N in NMR spectroscopy.

Computerized noise calculations can be used provided

the specifications are set and tested by the same proce-

dure. Typical specifications can be set at the probe instal-

lation specification value provided the IQ test procedure

is used, or specifications can be set at a somewhat lower

value provided the spectroscopist has reason to believe

the instrument performance at that level will be sufficient

for its common use.

S/N MEASUREMENTS 13C NMR

(see Figure 3)

Sample: 40% r-dioxane in benzene-d6 (v/v) (de-

gassed and sealed)

Spectral width: Approximately 200 ppm

Flip angle: 908

Recycle time: 300 s

Spinning rate: Approximately 20 Hz

Pulse sequence: Single pulse with no decoupling

Processing: Exponential with 3.5-Hz line broaden-

ing, zero-filling to 32k

Referencing: TMS = 0.0 ppm or the center of the

benzene, triplet = 128.4 ppm

Acquire a single scan following a minimum delay of

300 seconds, phase the spectrum in absorption mode,

and measure the height of the benzene triplet at approx-

imately 128.4 ppm from the center of the baseline. The

peak-to-peak noise can be measured as above with ap-

propriate vertical expansion between 80 and 120 ppm.

S/N calculations can be made as in Equation 1 or by digi-

tal calculation.
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Figure 3. 13C NMR spectrum of the ASTM standard 40% p-dioxane in benzene-d6 (v/v) obtained at 100.6 MHz, with a

signal to noise of 140 : 1.

The benzene-d6 triplet has no nuclear Overhauser en-

hancement (NOE) and requires no decoupling. Conse-

quently, this test verifies the performance of the 13C

channel only.

PERFORMANCE OF BOTH OF THE 13C AND 1H CHANNELS

(see Figure 4)

Sample: 1%–10% ethylbenzene in chloroform-d

(degassed and sealed)

Spectral width: 200 ppm

Data acquisition length: 64k points

Flip angle: 908

Recycle time: 300 s

Spinning rate: Approximately 20 Hz

Pulse sequence: Single pulse with composite pulse

decoupling

Processing: Exponential with 0.3-Hz line-broaden-

ing

Referencing: TMS = 0.0 ppm or the center of the

chloroform-d, triplet = 77.23 ppm
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Figure 4. 13C NMR spectrum of 10% ethylbenzene obtained using a dual cold 1H/13C cryoprobe at 150.9 MHz, with a

signal to noise of 640 : 1

For best results, the shimming should be sufficient to

pass the resolution and lineshape tests. The measure-

ment of S/N is done from the peak height of the largest

resonance of the two at approximately 128 ppm. The

noise is measured as above in the region of 80 to 120

ppm, with appropriate vertical expansion. S/N is calcu-

lated as in Equation 1.

RELAXOMETRY MEASUREMENTS—LOW FIELD-NMR (LF-NMR)

The PQ should be performed before the collection of

experimental data.

Dissolve an accurately weighed quantity of manganese

(II) chloride tetrahydrate (MW 197.91) in water, and

quantitatively dilute with water to obtain check solutions

that have known concentrations of 0.9 mM, 2.7 mM,

and 4.5 mM.

Place a portion of each of the check solutions into sam-

ple holders suitable for the configuration of the specific

model of the LF-NMR spectrometer. Warm to 408 for

not less than 10 min, and measure the resonance fre-

quency (T1). The average T1 for replicate measurements

must be within 5% of 156 ms for the 0.9 mM check so-

lution, 52 ms for the 2.7 mM check solution, and 32 ms

for the 4.5 mM check solution.

Characterizing Instrument Performance

Specific procedures, acceptance criteria, and time in-

tervals for characterizing NMR spectrometer perfor-

mance depend on the instrument and intended

application. Many NMR applications use previously vali-

dated experiments that relate NMR spectra to a physical

or chemical property of interest. Stable instrument per-

formance over extended periods of time should be dem-

onstrated. This practice provides some assurance that

reliable measurements can be taken from sample spectra

using previously validated NMR experiments.
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QUALITATIVE AND QUANTITATIVE NMR ANALYSIS

Qualitative Applications

Comparison of a spectrum from the literature or from

an authentic specimen with that of a test specimen can

be used to confirm the identity of a compound and to

detect the presence of impurities that generate extrane-

ous signals. The NMR spectra of simple structures can be

adequately described by the numeric value of the chem-

ical shifts and coupling constants and by the number of

protons under each signal. (The software of modern in-

struments includes programs that generate simulated

spectra using these data.) Experimental details, such as

the solvent used, the specimen concentration, and the

chemical shift reference, must also be provided.

Identification by Comparison with a Reference

Standard

Solvent and NMR reference: Prepare as directed in

the individual monograph.

Standard solution and Sample solution: Prepare

as directed in the individual monograph.

Analysis: Transfer appropriate amounts of Sample

solution and Standard solution (if the reference standard

spectrum should be acquired) to separate NMR tubes

of the appropriate dimensions, and record their spectra

using specified parameters. Process the spectra to inte-

grate, and label the peaks specified in the individual

monograph. The spectra for the test sample and refer-

ence standard should be recorded at the same field

strength with the same pulse sequence and processing

parameters. Compare the chemical shifts and peak mul-

tiplicities of the Sample solution to the values of the Stan-

dard solution or the values specified in the individual

monograph. The difference in chemical shifts must not

be more than the acceptance criteria specified in the in-

dividual monograph. Peak multiplicities must match as

specified in the individual monograph. Differences from

reference standard spectra—that may include resolution

and multiplicities—caused by different field strengths

must be documented and explained.

Quantitative Applications

If instrument settings appropriate for quantitative anal-

ysis have been made, the areas (or intensities) of two sig-

nals are proportional to the total number of protons

generating the signals:

A1/A2 = N1/N2 [2]

A1 = area of signal corresponding to resonance 1

A2 = area of signal corresponding to resonance 2

N1 = number of protons corresponding to resonance

1

N2 = number of protons corresponding to resonance

2

If the two signals originate from two functional groups

of the same molecule, the equation can be simplified to

A1/A2 = n1/n2 [3]

n1 = the number of protons in the functional group

of compound 1

n2 = the number of protons in the functional group

of compound 2

If the two signals originate from different molecular

species,

A1/A2 = (n1m1)/(n2m2) =

(n1W1/Mr1)/(n2W2/Mr2) [4]

m1 = number of moles

m2 = number of moles

W1 = mass of specimens of compound 1
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W2 = mass of specimens of compound 2

Mr1 = the molecular weight of compound 1

Mr2 = the molecular weight of compound 2

Examination of Equations 3 and 4 shows that NMR

quantitative analyses can be performed in an absolute

or relative manner. In the absolute procedure an internal

standard is added to the specimen, and a resonance peak

area arising from the test substance is compared with a

resonance peak area from the internal standard. If both

test substance and internal standard are accurately

weighed, the absolute purity of the substance can be cal-

culated. A good internal standard has the following pro-

perties: It presents a reference resonance peak, preferably

a singlet, at a field position removed from all specimen

peaks; it is soluble in the analytical solvent; its proton

equivalent weight—the molecular weight divided by

the number of protons giving rise to the reference

peak—is low; and it does not interact with the com-

pound under test. Typical examples of useful standards

are 1,2,4,5-tetrachlorobenzene, 1,4-dinitrobenzene, di-

methyl fumarate, benzyl benzoate, and maleic acid.

The choice of a standard is dictated by the spectrum of

the specimen.

The relative procedure can be used to determine the

molar fraction of an impurity in a test substance (or of

the components in a mixture) as calculated by Equation

4.

Quantitative analysis, as well as detection of trace im-

purities, is markedly improved with modern instrumenta-

tion. Stronger magnetic fields and the ability to

accumulate and/or average signals over long periods of

time greatly enhance the sensitivity of the method.

ABSOLUTE METHOD OF QUANTITATION

Where the individual monograph directs that the Abso-

lute Method of Quantitation be employed, proceed as fol-

lows:

Solvent, Internal standard, and NMR referen-

ce: Use as directed in the individual monograph.

Sample Solution: Transfer an accurately weighed

quantity of the test substance, containing about 4.5 pro-

ton mEq, to a glass-stoppered, graduated centrifuge

tube. Add about 4.5 proton mEq of Internal standard, ac-

curately weighed, and 3.0 mL of Solvent, insert the stop-

per, and shake. When dissolution is complete, add an

appropriate amount of NMR reference, provided that it

does not interfere with subsequent measurements, and

shake.

Analysis: Transfer an appropriate amount of Sample

Solution to an NMR tube of appropriate dimensions.

Measure the spin-lattice relaxation times (T1) of the peaks

of interest, using inversion recovery or some other suit-

able experiment, and set the recycle time to at least five

times the longest T1. Record the spectrum, adjusting the

spin rate so that no spinning side bands interfere with the

peaks of interest. Measure the area under each of the

peaks specified in the individual monograph. Record

the area of the Internal standard peak as AS and that of

the Sample Solution peak as AU.

Calculate the quantity, in mg, of the analyte in the

Sample Solution taken:

WS 6 (AUAS) 6 (EUES) [5]

WS = the weight, in mg, of the Internal standard taken

EU = the proton equivalent weight (i.e., the molecular

weight divided by the number of protons giving rise to

the reference peak) of the analyte

ES = the proton equivalent weight (i.e., the molecular

weight divided by the number of protons giving rise to

the reference peak) of the Internal standard
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RELATIVE METHOD OF QUANTITATION

Where the individual monograph directs that the Rela-

tive Method of Quantitation be employed, proceed as fol-

lows:

Solvent, NMR reference, and Sample Solutio-

n: Use as directed under Absolute Method of Quantita-

tion.

Analysis: Transfer an appropriate amount of Sample

Solution to an NMR tube of appropriate dimensions.

Measure the spin-lattice relaxation times (T1) of the peaks

of interest, using inversion-recovery or some other suit-

able experiment, and set the recycle time to at least five

times the longest T1. Record the spectrum, adjusting the

spin rate so that no spinning side bands interfere with the

peaks of interest. Measure the area or intensity under

each of the peaks specified in the individual monograph.

Record the area or intensity resulting from the resonan-

ces of the groups designated in the individual mono-

graph as A1 and A2.

Calculate the quantity, in mole percent, of the analyte

in the Sample Solution by using the formula:

100(A1/n1)/[(A1/n1) + (A2/n2)] [6]

n1 = the number of protons in the designated group

n2 = the number of protons in the designated group

PROCEDURE VALIDATION

The objective of procedure validation based on an

NMR method is to demonstrate that the measurement

is suitable for its intended purpose, including: identifica-

tion tests, quantitative tests for impurities content, limit

tests for the presence of impurities, and/or quantification

of component in a product or formulation.

Validation is required for NMR procedures that are not

included in an official monograph (see 6.30. Alternative

and Harmonized Methods and Procedures in the Testing

Practices and Procedures section of the General Notices).

Validation Parameters

Performance characteristics that demonstrate the suit-

ability of NMR procedures are similar to those required

for any analytical procedure. A discussion of the applica-

ble general principles is found in Validation of Compendial

Procedures h1225i. These principles should be considered

typical for NMR procedures, but exceptions can be dealt

with on a case-by-case basis. For qualitative NMR proce-

dures, see Data Elements Required for Validation, Category

IV assays in h1225i. For quantitative NMR procedures,

see Data Elements Required for Validation, Category I and

Category II assays in h1225i. Specific acceptance criteria

for each validation parameter must be consistent with

the intended use of the procedure. The samples for vali-

dation should be independent of the calibration set.

Qualitative Assays for Identification

(Category IV)

SPECIFICITY

Identification testing is a common application of qual-

itative NMR spectroscopy. The capability of the NMR

procedure to discriminate between compounds with

similar structures should be demonstrated experimental-

ly. Discrimination can be confirmed by obtaining positive

results by comparison of a sample spectrum to a refer-

ence spectrum or a reference material. Positive results

can be coupled with negative results obtained from a

sample that does not contain the analyte. In addition,
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the NMR procedure can be applied to compounds that

are structurally similar to the analyte in order to confirm a

negative result.

Quantitative Assay for Content or Potency

(Category I)

In addition to the specificity requirement for qualitative

identification testing (see Qualitative Assays for Identifica-

tion), the analytical procedure validation process for

quantitative NMR for content or potency requires the

testing of range, accuracy, precision, and robustness.

RANGE

Analytical range should be established for an analytical

procedure to demonstrate an acceptable degree of lin-

earity, accuracy, and precision in cases where the analyte

concentration of a test article occurs at the extreme limits

of the specified acceptance criteria.

For drug substance and drug product assay, the range

requirements may be from 80%–120% of the target test

concentration.

ACCURACY

The accuracy of the NMR procedure should be deter-

mined across the established analytical range.

For content or potency assays, accuracy can be deter-

mined by analyzing an analyte of known purity or con-

centration. Acceptable practices include comparing

assay results obtained using the validated NMR proce-

dure compared to those obtained by an established alter-

native analytical procedure.

PRECISION

Repeatability: The analytical procedure should be

assessed by measuring the concentrations of three repli-

cates of three separate standard solutions at different

concentrations that encompass the analytical range.

The variability should be pooled across the three concen-

trations. This approach requires the a priori assumption

that the variance is homogeneous across the three con-

centrations studied. Alternatively, the concentrations of

six separate standard solutions at 100% of the assay test

concentration can be measured.

Intermediate Precision: The effect of random

events on the analytical precision of the procedure

should be established. Typical variables include perform-

ing the analysis on different days, using different instru-

mentation, and/or having the procedure performed by

two or more analysts.

Reproducibility: Reproducibility should be estab-

lished in the case of a standardized analytical procedure,

e.g., the inclusion of a procedure in pharmacopoeias by

means of an interlaboratory trial.

ROBUSTNESS

The reliability of an analytical measurement should be

demonstrated by means of deliberate changes to exper-

imental parameters. For NMR spectroscopy this can in-

clude determining the stability of the analyte under

specified storage conditions, changing shim settings,

and/or changing the probe temperature, to list a few ex-

amples.

Quantitative Assay for Impurities (Category II)

In addition to the requirements for identification test-

ing (see Qualitative Assays for Identification) and the quan-

titative assay for content or potency (see Quantitative

Assay for Content or Potency), the analytical procedure va-
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lidation process for quantitative NMR analysis of impuri-

ties requires the testing of linearity, detection limit, and

quantitation limit. Specific testing requirements for

range and accuracy for analysis of impurities are included

in this section.

RANGE

For impurity quantitation analyses, the range may en-

compass the established reporting level of the analyte to

120% of the specification.

ACCURACY

For the quantitation of impurities by NMR, the accura-

cy of the procedure can be determined by conducting

studies with drug substances or products spiked with

known concentrations of analytes classified as impurities.

Alternatively, the accuracy of the quantitation of impu-

rities can be inferred from the validation data (linearity,

precision, specificity) by the application of statistical pro-

cedures to determine the uncertainty of the determina-

tion of molar ratios by NMR spectroscopy.

LINEARITY

To demonstrate a linear NMR response/analyte con-

centration relationship, prepare no fewer than five stan-

dard solutions at concentrations that encompass the

anticipated concentration of the sample solution. The

standard curve should then be evaluated using appropri-

ate statistical procedures such as a least-squares regres-

sion. The correlation coefficient, y-intercept, slope of

the regression line, and residual mean square should be

determined.

For some impurity quantitation experiments, analyte

concentrations can be determined based on relative re-

sponses of known concentrations from a common spec-

trum without the requirement for an external standard

curve for calibration. For those cases, linearity should

be recorded as a component of the procedure validation

regardless of whether or not it is required for conducting

routine analyses.

DETECTION LIMIT

For the quantitation of impurities by NMR, the detec-

tion limit can be determined by measuring the S/N ratio

of the spectrum.

The S/N determination is performed by measuring the

magnitudes of signals from samples of known analyte

concentrations with those of blank samples. These data

are used to determine the minimum analyte concentra-

tion that can be reliably detected. A ratio of 3 : 1 is an ac-

ceptable estimate of the detection limit.

QUANTITATION LIMIT

For the quantitation of impurities by NMR, the limit of

quantitation (LOQ) can be estimated by measuring the

S/N ratio.

The S/N determination is performed by measuring the

magnitudes of signals from samples of known analyte

concentrations with those of blank samples. These data

are used to determine the minimum analyte concentra-

tion that can be reliably quantified. A ratio of 10 : 1 is an

acceptable estimate of the quantitation limit.

A measurement of a sample solution prepared from a

representative sample matrix spiked at the estimated

LOQ concentration should be performed to confirm ac-

curacy. For a valid estimated LOQ, the measured concen-

tration should be within 70%–130% of the spike

concentration.
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GLOSSARY

Internal standard: An internal standard (IS) is a com-

pound added to a sample solution at a known concentra-

tion. One should select an IS with a single NMR

resonance that does not overlap with those of the ana-

lyte. The ratio of a specific internal standard peak area

and that of an analyte peak area is used to determine

the concentration of the analyte. The number of nuclei

corresponding to the integrated peaks in the IS and ana-

lyte spectra must be known.

NMR reference: An NMR reference, also known as an

NMR shift reference, is a compound added to a sample

and from which the chemical shift for the d scale is estab-

lished. Common examples for proton and carbon NMR

analyses are tetramethylsilane (TMS) for use in organic

solvents and the sodium salt of 2,2-dimethyl-2-silapen-

tane-5-sulfonic acid for use in aqueous media. In both

cases the chemical shift of the methyl peaks is defined

as 0.0 ppm.

Reference standard: A reference standard is a com-

pound authenticated by appropriate experimental

means to be of a specific chemical structure. In NMR

spectroscopy, a reference standard is typically used for

the qualitative analysis of a test material. If one directly

compares the chemical shifts and multiplicities of the

peaks in the NMR spectrum of the test material against

the spectrum of the reference standard, its structure

can be confirmed.&1S (USP34)

BRIEFING

h921iWater Determination, USP 32 page 388 and page
346 of PF 35(2) [Mar.–Apr. 2009]. On the basis of recommen-
dations provided in a Stimuli Article in PF 34(6) (Travis et al), it is
proposed to improve the presentation of the calculations in
Standardization of the Reagent of Method Ia.

(PW: A. Hernandez-Cardoso) RTS—C86612

Change to read:

METHOD I (TITRIMETRIC)

Determine the water by Method Ia, unless otherwise specified
in the individual monograph.

Method Ia (Direct Titration)

Principle—The titrimetric determination of water is based
upon the quantitative reaction of water with an anhydrous so-
lution of sulfur dioxide and iodine in the presence of a buffer
that reacts with hydrogen ions.

In the original titrimetric solution, known as the Karl Fischer
Reagent, the sulfur dioxide and iodine are dissolved in pyridine
and methanol. The test specimen may be titrated with the Re-
agent directly, or the analysis may be carried out by a residual
titration procedure. The stoichiometry of the reaction is not ex-
act, and the reproducibility of a determination depends upon
such factors as the relative concentrations of the Reagent in-
gredients, the nature of the inert solvent used to dissolve the
test specimen, and the technique used in the particular deter-
mination. Therefore, an empirically standardized technique is
used in order to achieve the desired accuracy. Precision in the
method is governed largely by the extent to which atmospheric
moisture is excluded from the system. The titration of water is
usually carried out with the use of anhydrous methanol as the
solvent for the test specimen; however, other suitable solvents
may be used for special or unusual test specimens.

Apparatus—Any apparatus may be used that provides for
adequate exclusion of atmospheric moisture and determination
of the endpoint. In the case of a colorless solution that is titrated
directly, the endpoint may be observed visually as a change in
color from canary yellow to amber. The reverse is observed in
the case of a test specimen that is titrated residually. More com-
monly, however, the endpoint is determined electrometrically
with an apparatus employing a simple electrical circuit that
serves to impress about 200 mV of applied potential between
a pair of platinum electrodes immersed in the solution to be ti-
trated. At the endpoint of the titration a slight excess of the re-
agent increases the flow of current to between 50 and 150
microamperes for 30 seconds to 30 minutes, depending upon
the solution being titrated. The time is shortest for substances
that dissolve in the reagent. With some automatic titrators, the
abrupt change in current or potential at the endpoint serves to
close a solenoid-operated valve that controls the buret deliver-
ing the titrant. Commercially available apparatus generally
comprises a closed system consisting of one or two automatic
burets and a tightly covered titration vessel fitted with the nec-
essary electrodes and a magnetic stirrer. The air in the system is
kept dry with a suitable desiccant, and the titration vessel may
be purged by means of a stream of dry nitrogen or current of
dry air.
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Reagent—Prepare the Karl Fischer Reagent as follows. Add
125 g of iodine to a solution containing 670 mL of methanol
and 170 mL of pyridine, and cool. Place 100 mL of pyridine
in a 250-mL graduated cylinder and, keeping the pyridine cold
in an ice bath, pass in dry sulfur dioxide until the volume
reaches 200 mL. Slowly add this solution, with shaking, to
the cooled iodine mixture. Shake to dissolve the iodine, transfer
the solution to the apparatus, and allow the solution to stand
overnight before standardizing. One mL of this solution when
freshly prepared is equivalent to approximately 5 mg of water,
but it deteriorates gradually; therefore, standardize it within 1
hour before use, or daily if in continuous use. Protect from light
while in use. Store any bulk stock of the reagent in a suitably
sealed, glass-stoppered container, fully protected from light,
and under refrigeration.

A commercially available, stabilized solution of Karl Fischer
type reagent may be used. Commercially available reagents
containing solvents or bases other than pyridine or alcohols
other than methanol may be used also. These may be single so-
lutions or reagents formed in situ by combining the compo-
nents of the reagents present in two discrete solutions. The
diluted Reagent called for in some monographs should be dilu-
ted as directed by the manufacturer. Either methanol or other
suitable solvent, such as ethylene glycol monomethyl ether,
may be used as the diluent.

Test Preparation—Unless otherwise specified in the indi-
vidual monograph, use an accurately weighed or measured
amount of the specimen under test estimated to contain 2 to
250 mg of water. The amount of water depends on the water
equivalency factor of the Reagent and on the method of end-
point determination. In most cases, the minimum amount of
specimen, in mg, can be estimated using the formula:

FCV/KF

in which F is the water equivalency factor of the Reagent, in mg
per mL; C is the used volume, in percent, of the capacity of the
buret; V is the buret volume, in mL; and KF is the limit or rea-
sonable expected water content in the sample, in percent. C is

&generally&1S (USP33)

between 30% and 100% for manual titration, and between
10% and 100% for the instrumental method endpoint determi-
nation.

&[NOTE—It is recommended that the product of FCV must

be greater than or equal to 200 for the calculation to en-

sure that the minimum amount of water titrated is great-

er than or equal to 2 mg.]&1S (USP33)

Where the specimen under test is an aerosol with propellant,
store it in a freezer for not less than 2 hours, open the container,
and test 10.0 mL of the well-mixed specimen. In titrating the
specimen, determine the endpoint at a temperature of 108 or
higher.

Where the specimen under test is capsules, use a portion of
the mixed contents of not fewer than 4 capsules.

Where the specimen under test is tablets, use powder from
not fewer than 4 tablets ground to a fine powder in an atmo-
sphere of temperature and relative humidity known not to in-
fluence the results.

Where the monograph specifies that the specimen under test
is hygroscopic, use a dry syringe to inject an appropriate vol-
ume of methanol, or other suitable solvent, accurately mea-
sured, into a tared container, and shake to dissolve the
specimen. Using the same syringe, remove the solution from
the container and transfer it to a titration vessel prepared as di-
rected for Procedure. Repeat the procedure with a second por-
tion of methanol, or other suitable solvent, accurately
measured, add this washing to the titration vessel, and immedi-
ately titrate. Determine the water content, in mg, of a portion
of solvent of the same total volume as that used to dissolve the
specimen and to wash the container and syringe, as directed for

Standardization of Water Solution for Residual Titrations, and sub-
tract this value from the water content, in mg, obtained in the
titration of the specimen under test. Dry the container and its
closure at 1008 for 3 hours, allow to cool in a desiccator, and
weigh. Determine the weight of specimen tested from the dif-
ference in weight from the initial weight of the container.

Standardization of the Reagent—Place enough metha-
nol or other suitable solvent in the titration vessel to cover the
electrodes, and add sufficient Reagent to give the characteristic
endpoint color, or 100+50 microamperes of direct current at
about 200 mV of applied potential.

For determination of trace amounts of water (less than 1%), it
is preferable to use Reagent with a water equivalency factor of
not more than 2.0.

&Purified Water, sodium tartrate dihydrate, a USP Refer-

ence Standard, or commercial standards with a certifi-

cate of analysis traceable to a national standard may be

used to standardize the Reagent. The reagent equivalen-

cy factor, the recommended titration volume, and the

amount of standard to measure are factors to consider

when deciding which standard and how much buret

size, and amount of standard to measure are factors to

consider when deciding which standard and how much1

to use. For Purified Water or water standards, quickly add

the equivalent of between 2 and 250 mg of water. Cal-

culate the water equivalency factor, F, in mg of water per

mL of Reagent, by the formula:

W/V

in which W is the weight, in mg, of the water contained

in the aliquot of standard used; and V is the volume, in

mL, of the Reagent used in the titration.&1S (USP33)

Sodium tartrate may be used as a convenient water reference
substance. Quickly add 75

&For sodium tartrate, quickly add 20&1S (USP33)

to 125 mg of sodium tartrate (C4H4Na2O6 � 2H2O), accurately
weighed by difference, and titrate to the endpoint. The water
equivalence factor F, in mg of water per mL of Reagent, is given
by the formula:

2(18.02/230.08)(W/V)

&1 Consider a setup in which the reagent equivalency factor is
5 mg per mL, and the buret volume is 5 mL. Also, what must be
considered is an instrumental endpoint. Consider a setup in
which the reagent equivalency factor is 5 mg/mL, and the buret
volume is 5 mL and an instrumental endpoint.Standard
amounts equivalent to between 2.5 mg and 22.5 mg of water
(10 to 90% of buret capacity) could be used based on the buret
and the reagent equivalency factor. The upper end of this range
would involve an excessive amount of sodium tartrate dihy-
drate. If Purified Water or a standard is weighed, an analytical
balance appropriate to the amount weighed is requir-
ed.&1S (USP33)

Pharmacopeial Forum
Vol. 36(2) [Mar.–Apr. 2010] IN-PROCESS REVISION 481

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



&W/V (36.04/230.08)&1S (USP34)

in which 18.02 and 230.08 are the molecular weights of water
and sodium tartrate dihydrate, respectively;

&36.04 is the double of the molecular weight of water

and 230.08 is the molecular weight of sodium tartrate

dihydrate;&1S (USP34)

W is the weight, in mg, of sodium tartrate dihydrate; and V is
the volume, in mL, of the Reagent consumed in the second ti-
tration.

&Note that the solubility of sodium tartrate dihydrate in

methanol is such that fresh methanol may be needed for

additional titrations of the sodium tartrate dihydrate

standard.&1S (USP33)

For the precise determination of significant amounts of water
(1% or more), use Purified Water as the reference substance.
Quickly add between 25 and 250 mg of water, accurately
weighed by difference, from a weighing pipet or from a preca-
librated syringe or micropipet, the amount taken being gov-
erned by the reagent strength and the buret size, as referred
to under Volumetric Apparatus h31i. Titrate to the endpoint. Cal-
culate the water equivalence factor, F, in mg of water per mL of
reagent, by the formula:

W/V

in which W is the weight, in mg, of the water; and V is the vol-
ume, in mL, of the reagent required.

&

&1S (USP33)

Procedure—Unless otherwise specified, transfer 35

&30&1S (USP33)

to 40 mL of methanol or other suitable solvent to the titration
vessel,

&ensuring that the volume is sufficient to cover the elec-

trodes,&1S (USP33)

and titrate with the Reagent to the electrometric or visual end-
point to consume any moisture that may be present. (Disregard
the volume consumed, since it does not enter into the calcula-
tions.) Quickly add the Test Preparation, mix, and again titrate
with the Reagent to the electrometric or visual endpoint. Calcu-
late the water content of the specimen, in mg, taken by the for-
mula:

SF

in which S is the volume, in mL, of the Reagent consumed in the
second titration; and F is the water equivalence factor of the Re-
agent.

Method Ib (Residual Titration)

Principle—See the information given in the section Principle
under Method Ia. In the residual titration, excess Reagent is add-
ed to the test specimen, sufficient time is allowed for the reac-
tion to reach completion, and the unconsumed Reagent is
titrated with a standard solution of water in a solvent such as
methanol. The residual titration procedure is applicable gener-

ally and avoids the difficulties that may be encountered in the
direct titration of substances from which the bound water is re-
leased slowly.

Apparatus, Reagent, and Test Preparation—Use Meth-
od Ia.

Standardization of Water Solution for Residual Titra-
tion—Prepare a Water Solution by diluting 2 mL of water with
methanol or other suitable solvent to 1000 mL. Standardize this
solution by titrating 25.0 mL with the Reagent, previously stan-
dardized as directed under Standardization of the Reagent. Cal-
culate the water content, in mg per mL, of the Water Solution
taken by the formula:

V’F/25

in which V’ is the volume of the Reagent consumed, and F is the
water equivalence factor of the Reagent. Determine the water
content of the Water Solution weekly, and standardize the Re-
agent against it periodically as needed.

Procedure—Where the individual monograph specifies that
the water content is to be determined by Method Ib, transfer 35

&30&1S (USP33)

to 40 mL of methanol or other suitable solvent to the titration
vessel,

&ensuring that the volume is sufficient to cover the elec-

trodes,&1S (USP33)

and titrate with the Reagent to the electrometric or visual end-
point. Quickly add the Test Preparation, mix, and add an ac-
curately measured excess of the Reagent. Allow sufficient time
for the reaction to reach completion, and titrate the uncon-
sumed Reagent with standardized Water Solution to the electro-
metric or visual endpoint. Calculate the water content of the
specimen, in mg, taken by the formula:

F(X’ – XR)

in which F is the water equivalence factor of the Reagent; X’ is
the volume, in mL, of the Reagent added after introduction of
the specimen; X is the volume, in mL, of standardized Water So-
lution required to neutralize the unconsumed Reagent; and R is
the ratio, V’/25 (mL Reagent/mL Water Solution), determined
from the Standardization of Water Solution for Residual Titration.

Method Ic (Coulometric Titration)

Principle—The Karl Fischer reaction is used in the coulomet-
ric determination of water. Iodine, however, is not added in the
form of a volumetric solution but is produced in an iodide-con-
taining solution by anodic oxidation. The reaction cell usually
consists of a large anode compartment and a small cathode
compartment that are separated by a diaphragm. Other suit-
able types of reaction cells (e.g., without diaphragms) may also
be used. Each compartment has a platinum electrode that con-
ducts current through the cell. Iodine, which is produced at the
anode electrode, immediately reacts with water present in the
compartment. When all the water has been consumed, an ex-
cess of iodine occurs, which usually is detected electrometri-
cally, thus indicating the endpoint. Moisture is eliminated
from the system by pre-electrolysis. Changing the Karl Fischer
solution after each determination is not necessary because indi-
vidual determinations can be carried out in succession in the
same reagent solution. A requirement for this method is that
each component of the test specimen is compatible with the
other components, and no side reactions take place. Samples
are usually transferred into the vessel as solutions by means of
injection through a septum. Gases can be introduced into the
cell by means of a suitable gas inlet tube. Precision in the meth-
od is predominantly governed by the extent to which atmo-
spheric moisture is excluded from the system; thus, the
introduction of solids into the cell is not recommended, unless
elaborate precautions are taken,
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&may require precautions,&1S (USP33)
such as working in a glove-box in an atmosphere of dry inert
gas. Control of the system may be monitored by measuring
the amount of baseline drift. This method is particularly suited
to chemically inert substances like hydrocarbons, alcohols, and
ethers. In comparison with the volumetric Karl Fischer titration,
coulometry is a micro-method.

Apparatus—Any commercially available apparatus consist-
ing of an absolutely tight system fitted with the necessary elec-
trodes and a magnetic stirrer is appropriate. The instrument’s
microprocessor controls the analytical procedure and displays
the results. Calibration of the instrument is not necessary, as
the current consumed can be measured absolutely.

Reagent—See Reagent under Method Ia.

&manufacturer’s recommendations.&1S (USP33)

Test Preparation—Where the specimen is a soluble solid,
dissolve an appropriate quantity, accurately weighed, in anhy-
drous methanol or other suitable solvents. Liquids may be used
as such or as accurately prepared solutions in appropriate anhy-
drous solvents.

Where the specimen is an insoluble solid, the water may be
extracted using a suitable anhydrous solvent from which an ap-
propriate quantity, accurately weighed, may be injected into
the anolyte solution. Alternatively an evaporation technique
may be used in which water is released and evaporated by heat-
ing the specimen in a tube in a stream of dry inert gas, this gas
being then passed into the cell.

Procedure—Using a dry syringe, quickly inject the Test Prep-
aration, accurately measured and estimated to contain 0.5 to 5
mg of water, or as recommended by the instrument manufac-
turer into the anolyte, mix, and perform the coulometric titra-
tion to the electrometric endpoint. Read the water content of
the Test Preparation directly from the instrument’s display, and
calculate the percentage that is present in the substance. Per-
form a blank determination, and make any necessary correc-
tions.

&Test Preparation—Where the specimen is a soluble

solid, an appropriate quantity, accurately weighed, may

be dissolved in anhydrous methanol or other suitable sol-

vents.

Where the specimen is an insoluble solid, an appropri-

ate quantity, accurately weighed, may be extracted using

a suitable anhydrous solvent, and may be injected into

the anolyte solution. Alternatively, an evaporation tech-

nique may be used in which water is released and evap-

orated by heating the specimen in a tube in a stream of

dry inert gas. The gas is then passed into the cell.

Where the specimen is to be used directly without dis-

solving in a suitable anhydrous solvent, an appropriate

quantity, accurately weighed, may be introduced into

the chamber directly.

Where the specimen is a liquid, and is miscible with an-

hydrous methanol or other suitable solvents, an appro-

priate quantity, accurately weighed, may be added to

anhydrous methanol or other suitable solvents.

Procedure—Using a dry device, inject or add directly

an accurately measured amount of the sample or sample

preparation estimated to contain between 0.5 and 5 mg

of water, or an amount recommended by the instrument

manufacturer into the anolyte, mix, and perform the

coulometric titration to the electrometric endpoint. Read

the water content of the liquid Test Preparation directly

from the instrument’s display, and calculate the percent-

age that is present in the substance. Perform a blank de-

termination, as needed, and make any necessary

corrections.&1S (USP33)

GENERAL CHAPTERS

General Information

BRIEFING

h1010i Analytical Data—Interpretation and Treat-
ment, USP 32 page 396 and page 3959 of the First Supplement.
Based on comments received, the Statistics Expert Committee
proposes to modify the critical values in the example described
in Appendix C under Dixon-Type Tests. The proposed revisions
reflect more precise critical values published in One-sided and
Two-sided Critical Values for Dixon’s Outlier Test for Sample Sizes
up to n = 30 by Böhrer, Armin, Economic Quality Control, Vol. 23
(2008), No. 1, pp. 5–13.

(STAT: H. Pappa) RTS—C85328
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Change to read:

APPENDIX C: EXAMPLES OF OUTLIER TESTS
FOR ANALYTICAL DATA

Given the following set of 10 measurements: 100.0, 100.1,
100.3, 100.0, 99.7, 99.9, 100.2, 99.5, 100.0, and 95.7 (mean
= 99.5, standard deviation = 1.369), are there any outliers?

Generalized Extreme Studentized Deviate
(ESD) Test

This is a modified version of the ESD Test that allows for test-
ing up to a previously specified number, r, of outliers from a nor-
mally distributed population. &For the detection of a single
outlier (r = 1), the generalized ESD procedure is also known
as Grubb’s test. Grubb’s test is not recommended for the detec-
tion of multiple outliers.&1S (USP32) Let r equal 2, and n equal 10.

Stage 1 (n = 10)—Normalize each result by subtracting the
mean from each value and dividing this difference by the stan-
dard deviation (see Table 3).4

Take the absolute value of these results, select the maximum
value (|R1| = 2.805), and compare it to a previously specified ta-
bled critical value l1 (2.290) based on the selected significance
level (for example, 5%). The maximum value is larger than the
tabled value and is identified as being inconsistent with the re-
maining data. Sources for l-values are included in many statis-
tical textbooks. Caution should be exercised when using any
statistical table to ensure that the correct notations (i.e., level
of acceptable error) are used when extracting table values.

Stage 2 (n = 9)—Remove the observation corresponding to
the maximum absolute normalized result from the original data
set, so that n is now 9. Again, find the mean and standard de-
viation (Table 3, right two columns), normalize each value, and
take the absolute value of these results. Find the maximum of
the absolute values of the 9 normalized results (|R2| = 1.905),
and compare it to l2 (2.215). The maximum value is not larger
than the tabled value.

Conclusion—The result from the first stage, 95.7, is declared
to be an outlier, but the result from the second stage, 99.5, is
not an outlier.

Dixon-Type Tests
&Dixon’s Test can be one-sided or two-sided, depending on

an a priori decision as to whether outliers will be considered on
one side only. As with the ESD Test, Dixon’s Test assumes that
the data, in the absence of outliers, come from a single normal
population. Following the strategy used for the ESD Test, we
proceed as if there were no a priori decision as to side, and so
use a two-sided Dixon’s Test. From examination of the example
data, we see that it is the two smallest that are to be tested as
outliers. Dixon provides for testing for two outliers simultane-
ously; however, these procedures are beyond the scope of this
Appendix. The stepwise procedure discussed below is not an
exact procedure for testing for the second outlier as the result
of the second test is conditional upon the first. Because the
sample size is also reduced in the second stage, the end result
is a procedure that usually lacks the sensitivity of Dixon’s exact
procedures.&1S (USP32)

Stage 1 (n = 10)—The results are ordered on the basis of their
magnitude (i.e., Xn is the largest observation, Xn–1 is the second
largest, etc., and X1 is the smallest observation). Dixon’s Test

has different ratios based on the sample size (in this example,
with n = 10), to declare X1 an outlier, the following ratio, r11, is
calculated by the formula:

A different ratio would be employed if the largest data point
was tested as an outlier. The r11 result is compared to an r11,

0.05 value in a table of critical values. If r11 is greater than r11,

0.05, then it is declared an outlier. For the above set of data, r11

= (99.5 – 95.7)/(100.2 – 95.7) = 0.84. This ratio is greater than
r11, 0.05, which is 0.534

&0.52979&1S (USP34)

at the 5% significance level for a two-sided Dixon’s Test.
Sources for r11, 0.05 values are included in many statistical text-
books.

&5
&1S (USP34)

Stage 2—Remove the smallest observation from the original
data set, so that n is now 9. The same r11 equation is used, but a
new critical r11, 0.05 value for n = 9 is needed (r11, 0.05 = 0.570).

&(r11, 0.05 = 0.56420).&1S (USP34)

Now r11 = (99.7 – 99.5)/(100.2 – 99.5) = 0.29, which is less than
r11, 0.05 and not significant at the 5% level.

Conclusion—&Therefore, 95.7 is declared to be an outlier but
99.5 is not an outlier.&1S (USP32)

Hampel’s Rule

Step 1—The first step in applying Hampel’s Rule is to normal-
ize the data. However, instead of subtracting the mean from
each data point and dividing the difference by the standard de-
viation, the median is subtracted from each data value and the
resulting differences are divided by MAD (see below). The cal-
culation of MAD is done in three stages. First, the median is sub-
tracted from each data point. Next, the absolute values of the
differences are obtained. These are called the absolute devia-
tions. Finally, the median of the absolute deviations is calculated
and multiplied by the constant 1.483 to obtain MAD.6

Step 2—The second step is to take the absolute value of the
normalized data. Any such result that is greater than 3.5 is de-
clared to be an outlier. Table 4 summarizes the calculations.

The value of 95.7 is again identified as an outlier. This value
can then be removed from the data set and Hampel’s Rule re-
applied to the remaining data. The resulting table is displayed
as Table 5. Similar to the previous examples, 99.5 is not consid-
ered an outlier.

Change to read:

APPENDIX F: ADDITIONAL SOURCES OF
INFORMATION

There may be a variety of statistical tests that can be used to
evaluate any given set of data. This chapter presents several
tests for interpreting and managing analytical data, but many
other similar tests could also be employed. The chapter simply
illustrates the analysis of data using statistically acceptable

4 The difference between each value and the mean is termed the resid-
ual. Other Studentized residual outlier tests exist where the residual, in-
stead of being divided by the standard deviation, can be divided by the
standard deviation times the square root of n –1 divided by n.

&5 r critical values in this example are taken from Reference 2
under Appendix F, Outlier Tests. &1S (USP34)

6 Assuming an underlying normal distribution, 1.483 is a constant used
so that the resulting MAD is a consistent estimator of the population
standard deviation. This means that as the sample size gets larger,
&MAD&1S (USP32) gets closer to the population standard deviation.
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methods. As mentioned in the Introduction, specific tests are
presented for illustrative purposes, and USP does not endorse
any of these tests as the sole approach for handling analytical
data. Additional information and alternative tests can be found
in the references listed below or in many statistical textbooks.

Control Charts:
1. Manual on Presentation of Data and Control Chart Analysis,

6th ed., American Society for Testing and Materials (ASTM),
Philadelphia, 1996.

2. Grant, E.L., Leavenworth, R.S., Statistical Quality Control, 7th

ed., McGraw-Hill, New York, 1996.
3. Montgomery, D.C., Introduction to Statistical Quality Con-

trol, 3rd ed., John Wiley and Sons, New York, 1997.
4. Ott, E., Schilling, E., Neubauer, D., Process Quality Control:

Troubleshooting and Interpretation of Data, 3rd ed., McGraw-
Hill, New York, 2000.

Detectable Differences and Sample Size Determina-
tion:

1. CRC Handbook of Tables for Probability and Statistics, 2nd ed.,
Beyer W.H., ed., CRC Press, Inc., Boca Raton, FL, 1985.

2. Cohen, J., Statistical Power Analysis for the Behavioral Sciences,
2nd ed., Lawrence Erlbaum Associates, Hillsdale, NJ, 1988.

&3. Diletti, E., Hauschke, D., Steinijans, V.W., ‘‘Sample size de-
termination for bioequivalence assessment by means of
confidence intervals,’’ International Journal of Clinical Phar-
macology, Therapy and Toxicology, 1991; 29, 1–8.&1S (USP32)

4. Fleiss, J.L., The Design and Analysis of Clinical Experiments,
John Wiley and Sons, New York, 1986, pp. 369–375.

5. Juran, J.A., Godfrey, B., Juran’s Quality Handbook, 5th ed., Mc-
Graw-Hill, 1999, Section 44, Basic Statistical Methods.

6. Lipsey, M.W., Design Sensitivity Statistical Power for Experi-
mental Research, Sage Publications, Newbury Park, CA,
1990.

7. Montgomery, D.C., Design and Analysis of Experiments, John
Wiley and Sons, New York, 1984.

8. Natrella, M.G., Experimental Statistics Handbook 91, National
Institute of Standards and Technology, Gaithersburg, MD,
1991 (reprinting of original August 1963 text).

9. Kraemer, H.C., Thiemann, S., How Many Subjects?: Statistical
Power Analysis in Research, Sage Publications, Newbury Park,
CA, 1987.

10. van Belle G., Martin, D.C., ‘‘Sample size as a function of co-
efficient of variation and ratio of means’’, American Statisti-
cian 1993; 47(3): 165–167.
Westlake, W.J., response to Kirkwood, T.B.L.: ‘‘Bioequiva-
lence testing—a need to rethink,’’ Biometrics 1981;
37 : 589–594.

General Statistics Applied to Pharmaceutical Data:
1. Bolton, S., Pharmaceutical Statistics: Practical and Clinical

Applications, 3rd ed., Marcel Dekker, New York, 1997.
2. Bolton, S., ‘‘Statistics’’ Remington: The Science and Prac-

tice of Pharmacy, 20th ed., Gennaro, A.R., ed., Lippincott
Williams and Wilkins, Baltimore, 2000, pp. 124–158.

3. Buncher, C.R., Tsay, J., Statistics in the Pharmaceutical Indus-
try, Marcel Dekker, New York, 1981.

4. Natrella, M.G., Experimental Statistics Handbook 91, Na-
tional Institute of Standards and Technology (NIST),
Gaithersburg, MD, 1991 (reprinting of original August
1963 text).

5. Zar, J., Biostatistical Analysis, 2nd ed., Prentice Hall, Engle-
wood Cliffs, NJ, 1984.

General Statistics Applied to Analytical Laboratory
Data:
1. Gardiner, W.P., Statistical Analysis Methods for Chemists, The

Royal Society of Chemistry, London, England, 1997.
2. Kateman, G., Buydens, L., Quality Control in Analytical Chem-

istry, 2nd ed., John Wiley and Sons, New York, 1993.
3. Kenkel, J., A Primer on Quality in the Analytical Laboratory,

Lewis Publishers, Boca Raton, FL, 2000.
4. Mandel, J., Evaluation and Control of Measurements, Marcell

Dekker, New York, 1991.
5. Melveger, A.J., ‘‘Statististics in the pharmaceutical analysis

laboratory,’’ Analytical Chemistry in a GMP Environment, Mil-
ler J.M., Crowther J.B., eds., John Wiley and Sons, New York,
2000.

6. Taylor, J.K., Statistical Techniques for Data Analysis, Lewis Pub-
lishers, Boca Raton, FL, 1990.

&7. Thode, H.C., Jr., Testing for Normality, Marcel Dekker, New
York, NY, 2002.&1S (USP32)

8. Taylor, J.K., Quality Assurance of Chemical Measurements,
Lewis Publishers, Boca Raton, FL, 1987.

9. Wernimont, G.T., Use of Statistics to Develop and Evaluate An-
alytical Methods, Association of Official Analytical Chemists
(AOAC), Arlington, VA, 1985.

10. Youden, W.J., Steiner, E.H., Statistical Manual of the AOAC,
AOAC, Arlington, VA, 1975.

Nonparametric Statistics:
1. Conover, W.J., Practical Nonparametric Statistics, 3rd ed.,

John Wiley and Sons, New York, 1999.
2. Gibbons, J.D., Chakraborti, S., Nonparametric Statistical In-

ference, 3rd ed., Marcel Dekker, New York, 1992.
3. Hollander, M., Wolfe, D., Nonparametric Statistical Meth-

ods, 2nd ed., John Wiley and Sons, NY, 1999.
Outlier Tests:

1. Barnett, V., Lewis, T., Outliers in Statistical Data, 3rd ed., John
Wiley and Sons, New York, 1994.

&2. Böhrer, Armin, ‘‘One-sided and Two-sided Critical

Values for Dixon’s Outlier Test for Sample Sizes up to

n = 30,’’ Economic Quality Control, Vol. 23 (2008), No.

1, pp. 5–13.&1S (USP34)

3. Davies, L., Gather, U., ‘‘The identification of multiple outli-
ers,’’ Journal of the American Statistical Association (with com-
ments), 1993; 88 : 782–801.

4. Dixon, W.J., ‘‘Processing data for outliers,’’ Biometrics 1953;
9(1):74–89.

5. Grubbs, F.E., ‘‘Procedures for detecting outlying observa-
tions in samples,’’ Technometrics 1969; 11 : 1–21.

6. Hampel, F.R., ‘‘The breakdown points of the mean com-
bined with some rejection rules,’’ Technometrics,1985;
27 : 95–107.

7. Hoaglin, D.C., Mosteller, F., Tukey, J., eds., Understanding Ro-
bust and Exploratory Data Analysis, John Wiley and Sons,
New York, 1983.

8. Iglewicz B., Hoaglin, D.C., How to Detect and Handle Outliers,
American Society for Quality Control Quality Press, Milwau-
kee, WI, 1993.

9. Rosner, B., ‘‘Percentage points for a generalized ESD many-
outlier procedure,’’ Technometrics, 1983; 25: 165–172.

10. Standard E-178-94: Standard Practice for Dealing with Outly-
ing Observations, American Society for Testing and Mate-
rials (ASTM), West Conshohoken, PA, September 1994.

11. Rorabacher, D.B., ‘‘Statistical Treatment for Rejections of
Deviant Values: Critical Values of Dixon’s ‘‘Q’’ Parameter
and Related Subrange Ratios at the 95% Confidence Le-
vel,’’ Analytical Chemistry, 1991; 63(2): 139–146.

Precision and Components of Variability:
1. Hicks, C.R., Turner, K.V., Fundamental Concepts in the Design

of Experiments, 5th ed., Oxford University Press, 1999 (sec-
tion on Repeatability and Reproducibility of a Measurement
System).

2. Kirk, R.E., Experimental Design: Procedures for the Behavioral
Sciences, Brooks/Cole, Belmont, CA, 1968, pp. 61–63.

3. Kirkwood, T.B.L., ‘‘Geometric means and measures of dis-
persion,’’ Letter to the Editor, Biometrics, 1979; 35(4).

4. Milliken, G.A., Johnson, D.E., Analysis of Messy Data, Volume
1: Designed Experiments, Van Nostrand Reinhold Company,
New York, NY, 1984, pp. 19–23.

5. Searle, S.R., Casella, G., McCulloch, C.E., Variance Compo-
nents, John Wiley and Sons, New York, 1992.

6. Snedecor, G.W., Cochran, W.G., Statistical Methods, 8th ed.,
Iowa State University Press, Ames, IA, 1989.

7. Standard E-691-87: Practice for Conducting an Interlaboratory
Study to Determine the Precision of a Test Method, ASTM, West
Conshohoken, PA, 1994.
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&8. Hauck, W. W., Koch, W., Abernethy, D., Williams, R. ‘‘Mak-
ing Sense of Trueness, Precision, Accuracy, and Uncertain-
ty,’’ Pharmacopeial Forum, 2008; 34(3).&1S (USP32)

Tolerance Interval Determination:
1. Hahn, G.J., Meeker, W.Q., Statistical Intervals: A Guide for

Practitioners, John Wiley and Sons, New York, 1991.
2. Odeh, R.E., ‘‘Tables of two-sided tolerance factors for a

normal distribution,’’ Communications in Statistics: Simula-
tion and Computation, 1978; 7: 183–201.

BRIEFING

h1084i Glycoprotein and Glycan Analysis—General
Considerations. This proposed new general information
chapter discusses glycan analysis methods and analytical strate-
gies.

(BB PP: A. Khrenov) RTS—C84773

Add the following:

&h1084i GLYCOPROTEIN AND GLYCAN
ANALYSIS—GENERAL

CONSIDERATIONS

OVERVIEW

A number of glycoprotein drugs have been developed

as a result of advances in biotechnology, and many nat-

urally derived protein drugs possess complex glycan

structures. Glycosylation, a posttranslational modifica-

tion of these proteins, can play an important role in de-

t e r m i n i n g t h e f u n c t i o n , p h a r m a c o k i n e t i c s ,

pharmacodynamics, stability, and immunogenicity of

these agents. The two main types of protein glycosyla-

tion are N-glycosylation and O-glycosylation. Unlike tran-

scription and translation, glycosylation is a nontemplate-

driven process; therefore variability in the glycosylation

pattern of a protein can arise, caused by different sources

or different manufacturing processes. Differences in this

pattern are known to affect biological activity. Glycosyla-

tion patterns may therefore be an important set of attri-

butes that ar ise in character iz ing a candidate

glycoprotein intended for therapeutic use and in ensur-

ing its stability and quality.

The first part of this chapter provides a brief introduc-

tion to glycobiology and describes the complexity of gly-

can structures. The subsequent parts provide flow charts

and a series of general analytical strategies that can be

used to characterize glycoprotein glycans by means of

the following:

1. Direct analysis of glycoproteins; and

2. Analysis of released nonderivatized or derivatized

glycans by various methods of chromatographic

and electrophoretic separation and mass spectrome-

try (MS).

Different approaches to analyzing monosaccharides

are described at the end of the chapter.

For selected analytical methods, this chapter cross-re-

ferences other USP chapters, particularly those relating to

biotechnology-derived articles (see chapters Biotechnolo-

gy-Derived Articles—Capillary Electrophoresis h1053i, Bio-

technology-Derived Articles—Isoelectric Focusing h1054i,

Biotechnology-Derived Articles—Peptide Mapping h1055i,

and Biotechnology-Derived Articles—Polyacrylamide Gel

Electrophoresis h1056i).

PROTEIN GLYCOSYLATION

Most proteins in eukaryotic cells undergo glycosylation

and other posttranslational modifications before being

trafficked to lysosomes, becoming membrane bound at

the cell surface, or being secreted. Glycosylation varies

significantly from cell to cell, tissue to tissue, and species

to species because of the varying expression of hundreds

of glycosyltransferases and glycosidases located through-

out the Golgi apparatus and endoplasmic reticulum (ER).

Four main types of enzymatic glycosylation are found in

proteins:
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1. N-glycosylation, which involves the initial transfer of

oligosaccharides to the nitrogen on the terminal am-

ide group of asparagine and their subsequent pro-

cessing and modification to a series of glycan chains;

2. O-glycosylation, which in general involves the initial

transfer of monosaccharides to the hydroxyl groups

of serine and threonine and subsequent elongation

and branching of the saccharide chain by the addi-

tion of monosaccharides;

3. Glycosylphosphatidylinositol (GPI) anchor, which is a

glycolipid linked to the C-terminus of a protein; and

4. C-glycosylation, which involves the formation of a

carbon–carbon bond between the C2 carbon of

the indole ring of tryptophan and the C1 carbon of

an a-mannopyranosyl residue.

A nonenzymatic addition of saccharides, called glyca-

tion, can occur when proteins are mixed with reducing

sugars via a complex series of reactions. The two protein

glycosylation types that are generally of concern and that

are analyzed in glycoprotein drug substances are N- and

O-glycosylation. Each of these is discussed below.

N-Glycosylation

The biosynthesis of N-glycans in glycoproteins can be

described as a four-step process:

1. Lipid-linked glycan chain initiation and elongation;

2. Transfer of oligosaccharide to the protein or nascent

polypeptide chain;

3. Processing of the N-glycan chain by removal of spe-

cific glucose and mannose residues; and

4. Modification of the N-glycan chain by the addition

of residues to the nonreducing ends of the glycan

chain.

The consensus amino acid sequence for N-glycosyla-

tion is Asn–Xaa–Thr/Ser (where Xaa is any amino acid

other than proline). Overall, only about two-thirds of all

potential sequences, termed sequons, are glycosylated,

and currently there is no method to predict which se-

quon will be glycosylated. The role of protein N-glycosyl-

ation is usually protein trafficking and secretion.

N-glycans can be categorized as high-mannose, hy-

brid, or complex, depending on the extent of processing

(Figure 1). High-mannose structures contain a variety of

oligomannose between 5 and 9 mannose residues but

lack galactose or N-acetylglucosamine (GlcNAc) residues

in the antennae. In hybrid structures, both substituted

GlcNAc residues and unsubstituted mannose residues

are present in the antennae, whereas complex structures

have both a6 and a3 mannose residues substituted with

GlcNAc moieties. Hybrid and complex glycans can exist

with two or more branches, frequently termed antennae;

such glycans are therefore often termed, for example,

biantennary, triantennary, or tetraantennary. Both

monoantennary and pentaantennary N-glycans are also

known to exist. In complex glycans, antennae frequently

carry terminal sialic acid (neuraminic acid) residues. Sia-

lylation has been shown to have a great effect on both

the pharmacokinetics and the pharmacodynamics of

many therapeutic glycoproteins.
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Figure 1. Common types of N-glycans. Fuc = fucose; Gal = galactose; GlcNAc = N-acetylglucosamine; Man = mannose;

NeuAc = N-acetylneuraminic acid.

O-Glycosylation

O-glycan chains are built up sequentially via an initial

N-acetylgalactosamine residue linked to serine, threo-

nine, and tyrosine, as well as the less common amino ac-

ids hydroxyproline and hydroxylysine. Multiple glycan

core structures are known. The sequence and isomeric

linkage of monosaccharides show greater variety than

in N-glycans, and at least eight different types have been

identified (Figure 2). Although no consensus amino acid

sequence for O-glycosylation has been determined, gly-

cosylation is usually favored by the presence of proline

residues –1 or +3 and the absence of charged amino acid

residues proximal to serine or threonine. The disaccha-

ride unit N-acetyllactosamine, Galb1,4GlcNAc, is the

most common chain extension. Additional modifica-

tions, including terminal capping of Gal with sialic acid

and fucosylation along the chain, are also frequent.

O-glycosylation can occur in cluster form, the mucin

type, which usually forms part of the cell surface extracel-

lular matrix or secreted glycoproteins. Other O-glycosyl-
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ation, such as O-GlcNAc, is found on many nucleocyto-

plasmic proteins; and O-mannose–linked glycosylation is

found in some muscular and neural glycoproteins and in

yeast. O-fucose–linked and O-glucose–linked glycosyla-

tion types are found on many epidermal growth fac-

tor–like proteins that are associated with the Notch

signaling pathway.

Glycan Heterogeneity

Not only the type of glycosylation (N- or O-linked) and

the site of glycosylation can vary from glycoprotein to

glycoprotein, but the actual oligosaccharide structures

(branching and linkages) also differ, even on the same

site. This structural variation arises because glycosylation

is a process that is not driven by a template. The glyco-

sylation pattern at a given site depends on many factors,

including cell-specific and growth-dependent availability

of glycosyltransferases and exo-glycosidases found in the

Golgi bodies and ER. Heterogeneity leads to different

physical and biochemical properties and, therefore, also

to functional diversity.

Figure 2. Common core structures of O-glycans (bold and underlined). Gal = galactose; GalNAc = N-

acetylgalactosamine; GlcNAc = N-acetylglucosamine; Ser = serine; Thr = threonine.
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Host-Cell Expression Systems and Glycosylation

BACTERIA

Although both O- and N-glycosylation have been

shown to occur in a variety of prokaryotes, Escherichia

coli, the bacterium of choice for many therapeutic prod-

ucts, does not produce glycosylated proteins.

YEAST

Yeast produces both N-glycosylated and O-glycosylat-

ed proteins. In Saccharomyces cerevisiae, hypermannosy-

lation with the N-glycan chain that contains more than

100 mannose residues can occur. The development of re-

combinant strains of Pichia pastoris that contain inserted

heterologous genes for various glycosylation enzymes

has allowed the humanization of N-glycosylation path-

ways in this yeast. O-glycosylation in yeast is also signifi-

cantly different from that in mammalian cells. In contrast

to mammalian cells, serine or threonine O-glycosylation

is linked via mannose and often consists of linear chains

of as many as six mannose residues.

INSECT CELLS

N-glycan chains of insect cells usually are of the high-

mannose, trimannose or paucimannose, and truncated

complex types. Insect cells also produce glycoproteins

bearing the a1,3-fucose residue linked to the proximal

GlcNAc residue in the core chitobiose. This core fucose

residue is a potent immunogen and allergen. O-glycosyl-

ation in insect cells has not been studied well, and al-

though O-linked GalNAc–Ser(Thr) residues have been

found, very few are processed further beyond the

Galb1,3GalNAc–Ser(Thr) sequence. Sialic acid residues

have not been found on proteins produced in insect cells.

PLANTS AND PLANT CELLS

Plant N-glycans contain mainly oligosaccharides of the

oligomannose type, but also present are hybrid and trun-

cated complex types of structures, with or without xylo-

se(Xyl)b1,2 attached to the b-linked mannose residue of

the trimannosyl core and fucose(Fuc)a1,3 attached to

the proximal GlcNAc residue of the core chitobiose. Both

the Fuc and Xyl residues are immunogenic and have

been shown to be part of the glyco-epitopes of several

plant allergens. O-glycosylation in plants has not been

well studied but is known to consist predominantly of

the addition of arabinogalactan chains to hydroxypro-

line, threonine, and serine residues that are located in

the plant cell wall or on the outer surface of the plasma

cell membrane. These glycans are immunogenic.

ANIMAL CELLS

The majority of glycosylated therapeutic proteins are

produced in continuous animal cell lines. Chinese ham-

ster ovary (CHO), baby hamster kidney (BHK), human

embryonic kidney (HEK), and mouse myeloma (SP2/0

or NS0) cells have all been employed. These animal cells

generally produce proteins with humanlike glycosyla-

tion. Although there are several differences in glycosyla-

tion between rodent and human cells, such as the

presence of N-glycolylneuraminic acid not found in hu-

mans, CHO cells have become a workhorse of the bio-

technology industry.

GLYCAN ANALYSIS FOR GLYCOSYLATED

BIOLOGICAL DRUGS

Glycosylation of proteins may affect biological activity,

either directly or indirectly, and variability in glycosyla-

tion arises not only from cellular diversity but also from

the manufacturing process. The glycosylation pattern

thus may be important as a part of characterization stu-
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dies and in ensuring the quality of a biological drug pro-

duct after market access. Appropriately characterized ref-

erence materials are needed in order to support

biological and physicochemical testing of production

batches to ensure batch-to-batch consistency. Glycosyla-

tion analysis may be appropriate for the following:

1. Characterizing the structure and stability of novel

products;

2. Batch release testing; and

3. Assessing comparability between products (e.g.,

when one or more process changes have been

made).

An understanding of the relationship between glycan

structure and biological function underpins decisions

about the information required at each development

stage. For biological/biotechnological drug substances,

the characterization criteria and specifications for batch

release are generally set forth in the guidelines ICH

Q6B, Test Procedures and Acceptance Criteria for Biotechno-

logical/Biological Products;1 and ICH Q5E, Comparability of

Biotechnological/Biological Products Subject to Changes in

Their Manufacturing Process.2 Numerous approaches

and methodologies are applied for glycan mapping. This

variety is a consequence of the diversity and complexity

of glycan structures and the available technology and de-

tection systems.

Because of the diversity and complexity of glycan

structures and the increasing availability and improve-

ment of various detection systems and technology, ana-

lytical methods are wide ranging. Different methods that

support step-by-step procedures depend on the glyco-

proteins, the availability of equipment, the expertise of

individual scientists and groups, and the information re-

quired. The two most studied types of protein glycosyla-

tion that affect bioactivity are N- and O-glycosylation.

Glycan analysis can serve in different applications; the

most important are general product characterization,

process validation, comparability evaluation, stability

testing, monitoring manufacturing process consistency,

and release testing. The selection of the analytical tech-

niques and their applications in product development

and routine manufacturing depend on many factors,

such as the complexity of the glycoprotein, the under-

standing of the relationships between glycosylation and

safety and efficacy, and the overall design of the strategy

for manufacturing process control. For example, even

when the biological relevance of glycosylation is not cer-

tain, control of glycosylation could be considered as a

measure of manufacturing consistency.

In the flow charts Figure 3A assists in the choice of ap-

plications for glycan analysis, and Figure 3B is an overview

of available analytical techniques and equipment em-

ployed.

1 http://www.ich.org/LOB/media/MEDIA432.pdf; accessed
12/16/09.
2 http://www.ich.org/LOB/media/MEDIA1196.pdf; accessed
12/16/09.

Pharmacopeial Forum
Vol. 36(2) [Mar.–Apr. 2010] IN-PROCESS REVISION 491

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Figure 3A. Flow diagram assisting in the choice of options for glycan analysis.
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Figure 3B. Overview of glycan analysis techniques and equipment employed.

CHOICE OF GLYCAN ANALYSIS FOR

CHARACTERIZATION AND SPECIFICATION OF

GLYCOSYLATED BIOLOGICAL DRUGS

Analysis of Intact Glycoprotein

The most direct mode of analysis is direct study of the

intact molecule. This mode provides information about

the glycosylation profile of the glycoprotein. However,

this approach provides limited information when the

molecule is large and contains multiple glycosylation

sites. One of the most important glycosylation factors de-

fining biological activity is the degree of sialylation,

which often determines the half-life of glycoproteins in

circulation. This makes ionic-charge–based electrophore-

sis and ion-exchange chromatography obvious choices

of technique. Nearly all types of gel electrophoresis have

been used to probe protein glycosylation, including

polyacrylamide gel electrophoresis (PAGE; Biotechnolo-

gy-Derived Articles—Polyacrylamide Gel Electrophoresis

h1056i) and isoelectric focusing (IEF; Biotechnology-De-

rived Articles—Isoelectric Focusing h1054i). Similarly, capil-

lary electrophoresis (CE; Biotechnology-Derived Articles—

Capillary Electrophoresis h1053i) has also been found suit-

able. Strong anion-exchange chromatography has been

used for the same purpose, but the resolution is often in-

ferior to that of IEF and CE. Direct MS is another option

for the analysis of posttranslational modification. Along

with ongoing improvements in the resolution of MS,

more and more complex glycoproteins become accessi-

ble for direct characterization by this method.

Analysis of Glycopeptides

Analysis of glycopeptides provides information about

site-specific glycosylation properties, the degree of occu-

pancy, and oligosaccharide structures. Site-specific gly-

cosylation can be affected by cell culture process

conditions. Therefore, if a known glycosylation site is crit-

ical, manufacturers must monitor site-specific glycan
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structures. The typical approach is first to generate glyco-

peptides by protease digestion and to separate them by,

for example, RP (reversed-phase) HPLC (Biotechnology-

Derived Articles—Peptide Mapping h1055i). Subsequently

the separated glycopeptides can be further characterized

individually by, e.g., direct analysis using MS, or deglyco-

sylation and subsequent glycan profiling, as described

below in the section Profiling of Cleaved Oligosaccharides.

Direct identification of the mixture of glycopeptides

and nonglycosylated peptides by MS is limited by mask-

ing effects (ion suppression) of peptide signals on glyco-

peptide signals. One approach to overcoming this effect

is to separate peptides and glycopeptides before analysis

by MS, e.g., by offline coupling (matrix-assisted laser de-

sorption ionization [MALDI]) or online coupling (electro-

spray ionization [ESI]). MS analysis of glycopeptides plays

an important role in the characterization of O-glycans be-

cause these glycans are not always accessible for quanti-

tative cleavage and because, as a result of their smaller

size, they are easy to characterize by MS as glycopep-

tides.

The use of CE for high-resolution separation may also

be appropriate, especially for the analysis of sialylation.

Profiling of Cleaved Oligosaccharides

Profiling of total glycans cleaved from glycoprotein is

the most common approach for the characterization of

glycoproteins. It provides a way to obtain information

about the various populations of glycans present on

the protein. The degree of sialylation can also be ad-

dressed at this stage. Depending on the chosen method,

prior derivatization/labeling may be needed to allow the

detection of the glycans. Many protocols are available,

and most of the steps in the analysis are well established.

The possible drawback with such flexibility is the lack of

consensus about which methods to choose under which

circumstances; because of the variety of analytical tech-

niques, comparison of results obtained by different plat-

forms may not always be possible. So far, the majority of

the work has been done on N-glycosylation, because of

the following factors:

1. If both N- and O-glycans are present, N-glycans us-

ually are the more important in biologicals; and

2. The release of N-glycans, either by chemical means

(hydrazine) or by enzymes (endoglycosidases and

peptide N-glycosidase [PNGase] F), is more straight-

forward than is the release of O-glycans.

DEGLYCOSYLATION

The approach used for the release of glycans depends

on the glycoprotein under test. The cleavage agent is

chosen according to the type of cleavage needed and

the level of information required. Enzymatic or chemical

cleavage may be used. Table 1 gives a nonexhaustive list

of enzymatic cleavage agents and their specificity. Diges-

tion efficiency generally depends on the accessibility of

the glycans on the protein, and hence the protein can

be denatured to maximize glycosylation site exposure

unless analysts want to distinguish between surface and

buried glycans. Chemical cleavage agents can also be

used, e.g., hydrazine or alkaline borohydride for b-elimi-

nation of O-linked glycans.
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Table 1. Examples of Enzymatic Cleavage Agents

Agent Specificity

N-linked glycan release

Peptide-N1-(N-acetyl-b-glucosaminyl) aspar-

agine amidase (EC 3.5.1.52)

Hydrolysis of peptide-N1-(N-acetyl-b-glucosaminyl) asparagine resi-

due in which the glucosamine residue may be further glycosylated,

to yield a (substituted) N-acetyl-b-D-glucosaminylamine and a pep-

tide containing an aspartate residue

Peptide N-glycosidase F (PNGase F) Release of N-glycan chain but no release of N

-glycan chain containing (a1–3)-linked core fucose

Peptide N-glycosidase A (PNGase A) Release of N-glycan chain containing (a1–3)-linked core fucose

Mannosyl-glycoprotein endo-b-N-acetylglu-

cosaminidase (EC 3.2.1.96)

Endohydrolysis of the N,N’-diacetylchitobiosyl unit in high-mannose

glycopeptides/glycoproteins containing the –[Man(GlcNAc)2]Asn

structure

Endo-b-N-acetylglucosaminidase F (endo F) Release of high-mannose, hybrid, and complex oligosaccharides

Endo-b-N-acetylglucosaminidase H (endo H) Release of high-mannose and hybrid oligosaccharides

O-linked glycan release

Glycopeptide a-N-acetylgalactosaminidase

(EC 3.2.1.97)*

Hydrolysis of terminal D-galactosyl-N-acetyl-a-D-galactosaminidic

residues
* This enzyme has limited usage because of its high substrate specificity.

Chemical or Enzymatic Release of N-Glycans—

PNGase F (Flavobacterium meningosepticum) is the en-

zyme of choice for the release of N-glycans for most gly-

coproteins except for some insect cell and plant

glycoproteins that may contain a fucose residue a1,3

linked to the chitobiosyl core. N-glycan chains having

this structure can be cleaved from the glycopeptide only

by the almond enzyme, PNGase A. Chemical release by

anhydrous hydrazine is much less common, mainly be-

cause of the limited availability of the reagent, which is

considered a hazardous chemical. In addition, hydrazi-

nolysis produces de–N-acetylated N-glycans.

Chemical or Enzymatic Release of O-Glycans—

Currently only one enzyme, O-glycanase from Diplococ-

cus pneumoniae, is available to release O-glycans, and this

enzyme has a limited usage because of its high substrate

specificity: it cleaves only Galb1,3GalNAca1-Ser/Thr. In

addition, no ideal chemical procedure is available; but

O-linked glycan can usually be released by the reductive

alkali-catalyzed b-elimination reaction (alkaline borohy-

dride reaction), in which the released glycans are re-

duced as soon as they are cleaved in order to prevent

formation of degradation products due to peeling. How-

ever, this reaction is not specific, and in the reaction, ap-

proximately 10%–20% of N-glycans are generally known

to be released as well. The released glycans also lose the

reactive reducing end for the easy chemical tagging of

fluorescent labels, although the reduced GalNAc residue

can be oxidized by sodium periodate to regenerate the

active aldehyde group for reaction. Fortunately, with ad-
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vances in sensitive MS, direct identification of reduced

glycans is possible. Relatively good quality reducing O-

glycans can be obtained by alkali-catalyzed b-elimination

using primary amines such as ethylamine and hydrazine.

However, both reagents have the potential to produce

peeled degradation products. Furthermore, O-glycan re-

lease by ethylamine is not quantitative. Hydrazine, al-

though it may be better for use than ethylamine,

requires strict reaction conditions and handling and does

not have a commercial source in Europe.

LABELING OF GLYCANS TO INCREASE DETECTION

SENSITIVITY AND/OR TO MODIFY THEIR PHYSICOCHEMICAL

PROPERTIES

Chemical derivatization is the most commonly used

method for labeling glycans at their reducing end by re-

ductive amination. One fluorescent label can be attached

to each mono- and oligosaccharide, which facilitates de-

termination of molar quantities. Table 2 illustrates the

most common examples of fluorescent labels and their

most common uses.

Table 2. Examples of Fluorescent Labels

Name Acronym Structure

Analytical

Technique

2-Aminobenzoic acid 2-AA HPLC

2-Aminobenzamide 2-AB HPLC

MS
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Table 2. Examples of Fluorescent Labels (Continued)

Name Acronym Structure

Analytical

Technique

2-Aminopyridine acid 2-AP HPLC

Trisodium 8-aminopyr-

ene-1,3,6-trisulfonic

APTS CE

N-GLYCAN PROFILING

Released glycans can be analyzed or profiled by chro-

matographic, electrophoretic, or MS procedures and, in

general, by a combination of these. The choice of meth-

od can be grouped according to the nature of the gly-

cans and level of information required. Analysis of

glycans provides information about the various popula-

tions of glycans present on the protein (high-mannose,

hybrid, complex).

Profiling of Glycans by HPLC and/or by Electro-

phoresis and MS—Profiling of fluorescent-tag–labeled

glycans by HPLC has become the most common ap-

proach. One label can be attached to every single mono-

and oligosaccharide by reductive amination at their re-

ducing end, which facilitates determination of molar

quantities. With the appropriate label, glycans can be

profiled with high sensitivity using reversed-phase, nor-

mal-phase, and anion-exchange HPLC (see Chromatogra-

phy h621i). Routinely, analysts use a combination of

these methods in order to increase separation resolution

and to better differentiate glycan structures. The accura-

cy of the glycan identification can be validated by means

of glycan standards and/or by coupling the HPLC system

with MS. Thus, anion-exchange, normal-phase, and re-

versed-phase HPLC–ESI–MS–MS form powerful combi-

nations; and in-line analysis, if possible, may provide

both relative quantitative profiling and information on

glycan structure in a single run.

N-glycans can also be resolved by high-pH anion-ex-

change chromatography (HPAEC) with pulsed ampero-

metric detection (PAD; see Chromatography h621i),

which shows high sensitivity, can also separate some iso-

mers, and affords the ability to directly detect native gly-

cans without labels or tags. However, LC–MS for this
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separation approach is challenging because this HPAEC

system uses high-pH and high-salt mobile phases that in-

terfere with the ionization of glycans. In addition, abso-

lute quantification of the glycan is possible only if the

individual PAD response factors for the different glycan

structures are known, e.g., if an appropriate oligosac-

charide reference library is available. Polygraphite carbon

chromatography (PGC) can also be used to separate gly-

cans, and this method adds an orthogonal selectivity

compared to other columns. A PGC–ESI–MS approach

also can be applied for direct glycan analysis.

MALDI/ESI–MS is a powerful method for the analysis of

glycan mixtures either in the native or in the derivatized

form. Permethylation of released glycans is a common

method for direct analysis using MALDI–MS, especially

for sialylated glycans.

The degree of sialylation of glycan chains can be a cru-

cial factor for clinical efficacy, because sialylation often

defines the half-life of the molecule in vivo. Anion-ex-

change HPLC is the simplest method for its determina-

tion, and glycan structures based on charge can then

be identified by MS. Desalting of each fraction is required

before MS if the ionization interface is designed for low-

salt-containing sample flows only.

High-resolution separation systems such as CE have

been used to identify glycan structures without MS when

proper standards are used for comparison. The develop-

ment of an online CE–MS system has further increased

the power of glycan analysis using this approach.

Structural Identification by Mass Spectrometry

and Micro-Enzyme Sequencing—Traditionally, when

detailed structural information is required, the analysis is

usually performed using micro-enzyme sequencing. This

procedure is highly dependent on the specificity and

quality of the enzymes used. Recently, tandem MS has

been used more regularly to confirm, determine, and se-

quence known and novel glycan structures; this method

is feasible especially when glycans are released from well-

known glycoproteins and production sources.

Monosaccharide Analysis

Different quantitative monosaccharide assays are car-

ried out for a number of purposes. In the glycoprotein

field, they provide information about the relative

amounts of saccharide in a glycoprotein and about the

degree of sialylation of a glycoprotein; and by the mea-

surement of monosaccharide composition, they provide

some information about the structure of the glycan

chains present.

The simplest assays used are colorimetric tests to dem-

onstrate that the product is glycosylated and to quantify

the total amount of saccharide present in the product.

These have poor specificity between different types of su-

gar residues.

Assays of monosaccharide composition are generally

simpler to perform than is oligosaccharide profiling,

but they provide less information. The most widely used

assay is quantification of sialic acid content, because loss

of sialylation and exposure of terminal Gal residues may

lead to faster clearance of the glycoprotein from the cir-

culation.

The assays can be divided into two types: (1) those that

provide compositional information about the intact sam-

ple without prior degradation; and (2) others, principally

chromatographic, that require hydrolysis of the saccha-

ride chains before analysis and generate quantitative in-

formation about several different monosaccharide

species simultaneously. In general, the former are colori-

metric and the latter are chromatographic. The hydroly-

sis step is a significant source of assay variability and may

require careful optimization for specific samples.
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The presence of certain monosaccharides is diagnostic

of specific glycan structures. For example, observation of

GalNAc is usually a marker for the presence of O-linked

glycan chains, and fucose denotes the presence of specif-

ic types of chains. As a consequence of the limited diver-

sity of monosaccharide residues present in glycoprotein

glycans, accurate quantification of Man, Gal, or GlcNAc

residues is required in order to distinguish between large

numbers of structurally diverse glycans. The monosac-

charide N-glycolylneuraminic acid (Neu5Gc) is not pro-

duced in humans and is generally regarded as an

unwelcome and potentially immunogenic component

of biopharmaceutical products.

SAMPLE PREPARATION

Glycoprotein samples for monosaccharide analysis

should be free of salts, excipients, and other carrier ma-

terials (low molecular weight sugars are often used as ex-

cipients for biopharmaceuticals). This can be achieved by

a number of methods, including the following:

1. Dialysis against water or a volatile buffer, using an ap-

propriate membrane, and lyophilization;

2. HPLC on an appropriate gel-permeation column

eluted with water or a volatile buffer, monitored by

UV absorbance or refractive index, and followed by

lyophilization of the sample; or

3. Sample trapping on a conventional RP-SPE cartridge

such as a C18 or C8 SPE system, followed by washing

away of salts and excipients and elution of the re-

quired sample.

QUANTIFICATION

The common method for quantification of neutral sug-

ars in glycoproteins depends on the color generated by

heating glycans or glycoproteins in the presence of aque-

ous phenol in concentrated sulfuric acid. In many cases,

the heat required for this reaction is generated by addi-

tion of concentrated sulfuric acid to the glycoprotein–

phenol mixture in water. Rapid and efficient mixing of

the solutions is critical for consistent results. Quantitative

results are obtained by the simultaneous analysis of stan-

dards to generate a standard curve of absorbance

against amount of saccharide and/or against a reference

sample of the product under analysis.

HYDROLYSIS PROCEDURES FOR POLYSACCHARIDES AND

GLYCOPROTEIN GLYCAN CHAINS

Chromatographic methods for the identification and

quantification of monosaccharide components require

hydrolysis of the sample before analysis. Appropriate

sample analysis is required because excipients or pro-

cess-related impurities may be saccharides, and residual

salts may interfere with the hydrolysis or the subsequent

chromatographic separation or with fluorophore label-

ing. Sialic acid residues can be released either by mild ac-

id hydrolysis or by enzymatic treatment, which leaves

other sugar residues attached to the peptide backbone.

Quantification of the amount of saccharide present is

based on addition of an internal standard before or after

hydrolysis. The most commonly used standard for sialic

acid analysis by HPAEC is 3-deoxy-D-glycero-D-galacto-

2-nonulosonic acid (KDN), and 2-deoxyglucose is widely

used for neutral sugars. Both of these sugars are acid la-

bile and should be added after the hydrolysis step. Accu-

rate quantification depends both on stoichiometric

hydrolysis and a lack of degradation of the monosaccha-

ride products during hydrolysis.

DETERMINATION OF TOTAL SIALIC ACIDS

Sialic acids occur in bacterial polysaccharides and gly-

coproteins generally as N-acetyl and N-glycolyl deriva-

tives of neuraminic acid (Neu5Ac and Neu5Gc). The

sialic acids can be determined together with other mon-
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osaccharides by a procedure that includes acid hydrolysis

to liberate constituent monosaccharides, followed by

HPLC using an appropriate standard mixture. Alterna-

tively, total sialic acid content can be determined by col-

orimetric procedures without the need for hydrolysis.

One method, commonly referred to as the Warren meth-

od, is based on the reaction of thiobarbituric acid with

the product of periodate oxidation of neuraminic acid re-

leased in situ from the glycoprotein. Alternatively, the

color can be generated by the reaction of resorcinol with

neuraminic acid. For accurate quantification, include a

reference standard sample in each measurement.

Selective Release of Sialic Acids—Mild acid hydrol-

ysis or enzymatic digestion can be used to selectively re-

lease sialic acid from glycoprotein glycan chains for

quantification by chromatographic methods and for

quantification of unwelcome forms such as Neu5Gc.

More aggressive acid conditions are required in order

to release neutral and amino sugars before chromato-

graphic analysis. The protocol must be optimized with

respect to yield and saccharide degradation for each pro-

tein to be analyzed.

Neuraminidase Digestion for the Release of Sia-

lic Acid from Intact Glycoproteins—Several types of

neuraminidases have been isolated and studied; the en-

zyme derived from Clostridium perfringens is the one most

commonly used for the enzymatic release of sialic acids

from glycoproteins. Recombinant enzyme is available

from commercial suppliers. Other enzymes with different

specificities are available and can be used to distinguish

different types of linkages. Hydrolysis conditions should

be optimized for each product, because kinetic parame-

ters for different linkages and for Neu5Ac and Neu5Gc

may differ. Selective removal of a2?3-linked and

a2?6-linked sialic acid from cleaved glycans is a conve-

nient means of defining linkages. For quantitative analy-

ses, a known quantity of a suitable internal standard,

often 2-deoxyglucose, is added after hydrolysis and re-

moval of the acid.

SEPARATION AND QUANTITATION OF UNLABELED

MONOSACCHARIDES

Essentially the only method used for the simultaneous

identification and quantification of unlabeled monosac-

charide in hydrolysates is HPAEC-PAD. HPAEC-PAD meth-

ods are also applicable to oligosaccharide separations,

and a single instrumental approach can be used for both

applications.

For the general principles and components of chro-

matography, see Chromatography h621i. HPAEC-PAD fa-

cilitates analysis of monosaccharides and all classes of

oligosaccharides without derivatization. Carbohydrates,

because they are polyhydric compounds, are weak acids

that have pKa values of 12–14, and at high pH even neu-

tral carbohydrates are ionized and can be separated as

oxyanions by ion-exchange chromatography. Although

separations can be performed on alkali-stable porous

polystyrene–divinylbenzene anion exchangers, carbohy-

drates tend to exhibit broad peaks as a result of mass

transfer problems. In microbead pellicular anion-ex-

change column packings, small functionalized latex

beads (50.1-mm diameter) are attached to larger

(510-mm diameter) uniform nonporous beads. The car-

bohydrate analyte interacts with the functional groups at

the surface of the latex microbeads, eliminating diffusion

into and out of pores and the associated peak broaden-

ing.

PAD is the method of choice for the detection of carbo-

hydrates in HPAEC because it relies on the high-pH solu-

tions that HPAEC provides by default. Amperometric

detection measures the current, or charge, resulting from

the oxidation or reduction of analyte molecules at the

surface of a working electrode. Electrons are transferred
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from the electroactive analyte to the electrode during ox-

idation reactions and in the opposite direction during re-

duction reactions. This process allows sensitive and

highly selective detection of analytes that can be oxi-

dized or reduced, but interfering species that are not

electroactive remain undetected. Carbohydrates are eas-

ily oxidized at gold and platinum electrodes at high pH,

and the current generated is proportional to the carbo-

hydrate concentration.

A typical amperometric detection system contains a

working electrode and a reference electrode. Gold elec-

trodes are most common for carbohydrate analysis, but

oxidation products poison the electrode surface and in-

hibit further oxidation. Maintaining a stable, active elec-

trode surface is accomplished by cyclical pulsing

between high positive and negative potentials. This

timed series of different potentials is referred to as a

waveform, and repeated application of a waveform is

the basis of pulsed amperometry. Different waveforms

are used for different HPAEC-PAD applications and for dif-

ferent working electrodes: disposable gold electrodes re-

quire the use of fast, quadruple waveforms, but other

gold electrodes allow a wider range of waveforms to be

used without damaging the electrode surface. Dispos-

able electrodes and fast waveforms were introduced to

minimize the influence of electrode recess on the sensi-

tivity and precision of quantitative monosaccharide ap-

plications.

FLUOROPHORE LABELING OF MONOSACCHARIDES BEFORE

SEPARATION AND QUANTIFICATION

An alternative approach to the identification and quan-

tification of monosaccharides present in a hydrolysate is

to modify the monosaccharides by reductive amination

with an easily detected fluorophore label that allows

high-sensitivity detection and improves the chromato-

graphic separation of monosaccharides. Essentially stan-

dard HPLC equipment can be used and, because the

same labeling approaches are applicable to cleaved oli-

gosaccharides, a consistent analytical approach can be

applied. Fluorophore labeling has been much less widely

used than HPAEC-PAD for monosaccharide identification

and quantification. Labeling of sialic acid derivatives is us-

ually undertaken with o-phenylenediamine (or deriva-

tives), and the resulting products are separated on a C-

18 column.

CONCLUSION

Because of the complexity of glycoprotein glycan

structures and their inherent variation during production

processes, manufacturers are generally required by

means of characterization studies to develop criteria for

the control of the glycosylation pattern of a biological

drug substance when glycosylation occurs, as well as to

develop the level of information required at each stage of

production and at batch release. Then analytical proce-

dures can be derived in a manner that provides informa-

tion relevant to fulfilling quality requirements. In general,

a combination of approaches and techniques is needed,

and more detailed glycan structural analysis at early drug

development stages is required. Validation considera-

tions are central as method development and product

knowledge progress.&1S (USP34)
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BRIEFING

h1101i Medicine Dropper, USP 32 page 604. The
specification for a medicine dropper is specifically covered in
Medicine Dropper h1101i. The new general test chapter
Packaging and Storage Requirements h659i, appearing else-
where in this issue of PF, will include the information currently
in h1101i. Therefore, it is being proposed to omit h1101i from
the USP–NF.

(P&S: D. Hunt) RTS—C83545

Delete the following:

&h1101i MEDICINE DROPPER

The Pharmacopeial medicine dropper consists of a tube
made of glass or other suitable transparent material that
generally is fitted with a collapsible bulb and, while varying in
capacity, is constricted at the delivery end to a round opening
having an external diameter of about 3 mm. The dropper,
when held vertically, delivers water in drops each of which
weighs between 45 mg and 55 mg.

In using a medicine dropper, one should keep in mind that
most medicinal liquids do not have the same surface tension
and viscosity characteristics as water, and therefore the size of
drops will vary from one preparation to another.

Where accuracy of dosage is important, a dropper that has
been calibrated specifically for the preparation with which it is
supplied should be employed. The volume error incurred in
measuring any liquid by means of a calibrated dropper should
not exceed 15% under normal use conditions.&1S (USP34)

BRIEFING

h1102i Immunological Test Methods—General
Considerations. This proposed new general information
chapter covers general considerations in choice, design, and
validation of immunological test methods.

(BB VV: A. Khrenov) RTS—C50549

Add the following:

&h1102i IMMUNOLOGICAL TEST
METHODS—GENERAL

CONSIDERATIONS

INTRODUCTION

This general information chapter provides a high-level

description of principles for immunological test methods

(ITMs) that can be used in specified monograph tests.

Information and approaches to analytical development

and validation for ITMs are also provided. The scope of

this chapter is to provide general information that is

applicable to all ITMs. The general information chapter

provides a foundation for specific chapters about

different types of ITMs, e.g., Enzyme-Linked Immunosor-

bent Assay (ELISA) h1103i (proposed), Immunoblot

Analysis (Western Blot Analysis) h1104i (planned), and

Surface Plasmon Resonance h1105i (planned). This suite

of general chapters is considered related to the suite of

general chapters related to bioassays. Use of ITMs for

process monitoring, diagnosis, and evaluation of clinical

response, assessment of pharmacokinetics/pharmacody-

namics/absorption, distribution, metabolism, and excre-

tion (PK/PD/ADME), and other nonquality testing is

outside the scope of this chapter.

The basis of all ITMs used to measure a quality

attribute of a biologic drug substance or drug product is

the highly specific non-covalent binding interaction

between an antibody and antigen. The antigen is

typically an analyte of interest (e.g., protein, carbohy-

drate, virus, or cell), and the binder is usually an

antibody (e.g., monoclonal antibody or polyclonal

antiserum). ITMs are applicable to molecules that are

either directly antigenic (immunogens) or can be

rendered indirectly antigenic (haptens). The measurand

in ITM is directly related to a quality attribute of the

product under test.
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ITMs are valuable because they exhibit high sensitivity

and specificity for an analyte in complex matrices. They

are typically used for qualitative and quantitative

assessment of both an antibody and antigen, but their

application also extends to the measurement of hapten,

complement, and antigen–antibody complexes. These

properties of ITMs allow their use to assess identity,

potency (strength), purity, impurities, stability, and other

quality attributes of biological drug substances and drug

products.

A wide range of sizes and types of recognition or

binding units make ITMs versatile in a range of

applications. In general, antibodies are stable during

various chemical modifications that do not have a

significant adverse influence on interactions with an

antigen. A variety of ITMs with high degrees of

sensitivity and specificity are possible because of this

characteristic. The ability to accelerate contact between

an antibody and antigen enables ITM formats that

provide rapid or real-time results.

Generally, ITMs have higher precision and shorter

turn-around time than do traditional biologically based

(i.e., cell-based and animal) assays. Although in some

cases these advantages can support the replacement of

a biological assay with an immunoassay, such changes

should be approached systematically and with caution.

Often it is challenging to prove the equivalence of results

from bioassays and immunoassays because the interac-

tion between antigen and antibody may not reflect the

functional attributes observed in bioassays.

One limitation of ITMs compared to physicochemical

methods (such as LC or GC) is that the latter are

generally more precise and can simultaneously identify a

set of impurities or unexpected substance(s). Another

limitation is that generally ITMs operate at high molar

dilutions at which they are sensitive to disturbances

caused by environmental factors, i.e., matrix effects.

Matrix effects can depend on ITM format and are not

fully understood. Their specificity, a hallmark of ITMs, is

sometimes compromised by structural or sequence

similarities between the analyte and a closely related

molecular impurity (cross-reactivity). Matrix effect and

cross-reactivity are the major limitations of ITMs.

Although certain cell-based ITMs like cell-based

enzyme-linked immunosorbent assay (CELISA) do mea-

sure virus infectivity and gene expression, most ITMs

reflect physical interaction (binding) between an anti-

gen and antibody and not the analyte’s functional

properties. Therefore, analysts must pay attention in the

selection and execution of ITM format.

GENERAL CHARACTERISTICS OF ITMs

ITMs are based on the principle of specific, non-

covalent, and reversible interactions between an antigen

and antibody. In general, the primary antigen–antibody

reaction is brought about by complementarity, which

creates macromolecular specificity. This non-covalent

interaction determines the degree of intrinsic affinity.

Intrinsic affinity contributes to functional and/or relative

affinity that depends on factors like reaction phase and

valency. This, in turn, determines the degree of

reversibility of an interaction. A better understanding

of factors that affect antigen–antibody interactions

provides the rationale for the development of a suitable

ITM format, e.g., solid or liquid phase, competitive or

noncompetitive, and so on.

A defining characteristic of ITMs is that they employ

an antigen (or hapten) and antibody. In addition, ITMs

may contain companion molecules such as complement

components. The components of ITM are defined as

follows:

Antigens comprise a wide range of molecules that are

capable of binding to the antibody in a specific

interaction. Generally, part(s) of an antigen (immuno-

genic epitope) is capable of eliciting antibody response.
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Haptens, unlike antigens, are molecules that are not

capable by themselves of eliciting antibody response

but, like antigens, haptens are capable of binding to the

antibody in a specific interaction. When coupled with

antigens, haptens can elicit hapten-specific antibodies.

Complements are companion molecules that under

certain conditions aid in the functionality of antigen–

antibody complexes but are not required for antigen

(hapten)–antibody interaction.

Antibodies are proteins with structures that impart a

high degree of specificity for interactions with antigens

(and haptens). The structural elements of an immuno-

globulin G (IgG) antibody are shown in Figure 1.

In addition to these components, ITMs require some

means to detect/monitor the binding reaction between

the antigen and antibody.

TYPES OF ITMs

Measurement of antigen–antibody binding can be

performed in a variety of assay types and formats. Some

examples are solid or liquid phase, manual or automa-

ted, labeled or nonlabeled, competitive or noncompe-

titive, qualitative or quantitative, homogeneous or

heterogeneous, or combinations of some of these. The

distinguishing characteristic of all these assays is the

binding of an antibody or antigen to the analyte (which

can be an antigen or antibody as well), followed by

detection of the antigen–antibody complex. Although

many different formats can be used for the binding

reaction, along with different methods for detection,

quantification of the analyte in the test article is always

performed by comparison of the measurement to a

reference standard.

Thus a number of ITM technologies support investi-

gations of product quality. Commonly used assay

designs include enzyme-linked immunosorbent assay

(ELISA), Western blotting, flow cytometry, CELISA,

surface plasmon resonance (SPR), rate nephelometry,

radioimmunoassay (RIA), and radial immunodiffusion,

precipitation, and agglutination. These methods are

described below.

Enzyme-Linked Immunosorbent Assay

An ELISA is a quantitative solid-phase immunological

method for the measurement of an analyte following

binding to an immunosorbent and its subsequent

detection using enzymatic hydrolysis of a reporter

substrate either directly (analyte has enzymatic proper-

ties) or indirectly (e.g., horseradish peroxidase– or

alkaline phosphatase–linked antibody is subsequently

bound to the immunosorbed analyte). The analyte is

usually quantitated by interpolation against a standard

curve of a reference material. General information

chapter h1103i discusses ELISA in greater detail,

including ELISA development for quantitative analysis.

Western Blotting

A Western blot is a semi-quantitative or qualitative

method for measurement of a protein analyte that has

been resolved by polyacrylamide gel electrophoresis and

subsequently transferred to a solid membrane, e.g.,

nitrocellulose, nylon, or polyvinylidene difluoride

(PVDF). Detection can be achieved by a primary

antibody (antibody specific to the analyte of interest)

or secondary antibody (antibody against primary

antibody or against a different epitope of the analyte),

coupled with radioactivity or with an enzyme that uses

the substrate to produce color, fluorescence, or lumi-

nescence. Western blotting is a powerful method for

analyzing and identifying proteins in complex mixtures.

This method is semi-quantitative, especially when

proteins are present in low concentration and in very

complex mixtures. It is used commonly in early process
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development (e.g., antibody screening, protein expres-

sion, protein purification, and so forth). This approach

also provides a simple way to resolve proteins of

different sizes that contain a very similar antigenic

epitope because the proteins are separated on a gel

on the basis of their size.

Flow Cytometry

Flow cytometry is a quantitative technology that

permits measurement of an antibody–antigen complex

present in individual cells or particles. This method can

be used to enumerate cell numbers or the relative

abundance of antigen–antibody complex per cell.

Individual cells are separated as they flow through a

narrow fluid stream, and the antibody–analyte is

detected by means of laser-induced fluorescence of

complexes coupled to a fluorophore. The flow cyt-

ometer is able to rapidly screen large numbers of cells far

beyond the capacity of traditional pathological or

cytological methods.

Figure 1. The structure of IgG. The IgG molecule is characterized by a distinctive domain structure of heavy and light

chains, both of which are divided into variable and constant regions (V and C, respectively). Light chains consist of VL

and CL domains, and heavy chains consist of a variable domain (VH) and three constant domains (CH1, CH2, and CH3).

All domains are stabilized by disulphide bonds, and CH2 domains contain carbohydrates. The flexible hinge region

between the CH1 and CH2 domains allows the independent behavior of two antigen-binding sites formed by variable

domains.
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Surface Plasmon Resonance

SPR is a quantitative method for measurement of an

analyte in a sample where the antibody–antigen

complex formation can be measured in real time at

the interface of a liquid and solid (e.g., gold surfaces or

particles). The measurement taken is the real-time

change in refraction of a polarized light and occurs

during the formation of the antibody–antigen complex,

resulting in changes to the plasmon resonance minima

(i.e., sensogram). The analyte quantity is determined by

comparison to the measurement of a reference standard

curve determined in the same assay.

Rate Nephelometry

Rate nephelometry is a quantitative method for

measurement of an analyte in a sample in solution by

measuring small aggregates formed by the complex of

the antigen and antibody. The analyte quantity is

determined by comparison to the measurement of a

reference standard curve determined in the same assay.

Radioimmunoassay

An early and sensitive ITM is RIA, a quantitative

method for measurement of an analyte in a sample in a

competitive antibody–antigen binding reaction. In this

method, the analyte competes for binding with a

radiolabeled (e.g. by 125I or 3H) reference antigen that

is identical with the analyte to a fixed and limiting

dilution of a specific (often polyclonal) antibody. The

radiolabeled antigen is present in excess. The same

unlabeled antigen in the test sample competes in

binding to the same site on the antibody that is present

in a fixed quantity. Binding of the unlabeled antigen to

the antibody leads to the displacement of the labeled

antigen, resulting in a decrease in the radioactivity of the

antigen–antibody complex fraction. To separate the

antigen–antibody complex from the excess unbound

antigen, the complex is generally either precipitated

with a secondary antibody (or protein G) immobilized

on a solid matrix (e.g., glass or resin beads), or an

already immobilized primary antibody is used. The

analyte quantity is usually determined by interpolation

against a standard curve of a reference material, where a

fixed amount of antibody and radiolabeled antigen is

mixed with an increasing amount of unlabeled antigen.

Hence, even a small quantity of unlabeled antigen will

result in a relative quantitative decrease in total bound

radioactivity.

Single Radial Immunodiffusion

Single radial immunodiffusion (SRD) is a quantitative

method for measurement of an analyte in a sample by

measuring the diameter of the ring of precipitin formed

by the complex of the antigen and antibody. The

analyte quantity is determined by comparison to a

reference standard curve measured by the same assay.

Precipitation

The underlying principle for this method is that the

interaction of a multivalent antibody and antigen leads

to a visible precipitate. Precipitation is not commonly

used for quantitative analytical purposes because of the

time required (days to complete), lack of sensitivity, and

requirement for large quantities of antigen and anti-

bodies.
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Agglutination

The principle of agglutination is similar to that for

precipitation except that the interaction takes place

between an antibody and a particulate antigen and

leads to a visible clump or agglutination. The most

common example of this application is for blood typing

(i.e., A, B, or O antigen). Agglutination and inhibition of

agglutination, respectively, provide a measure (qualita-

tive and quantitative) of certain antigens and antibodies.

Inhibition of agglutination is a modification of the

agglutination reaction that provides higher sensitivity

to detect small quantities of proteins, chemicals, viruses,

etc.

CHOICE OF ITM

When choosing an ITM, analysts should consider

sensitivity and specificity as well as the complexity of the

sample. Table 1 provides estimated concentration

ranges for analyte detection by each method. The limit

of detection depends on numerous factors, including

the quality of reagents and assay conditions.
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In general, precipitation methods can detect an

analyte in the microgram range, but agglutination

reactions can detect sub-microgram levels. These two

methods are not preferable because of the slow kinetic

nature of the underlying reactions. However, with the

development of sensitive detectors, these methods are

used frequently in clinical diagnostics.

Western blot is labor intensive, but because it requires

separation of proteins it is a common tool for semi-

quantitative characterization of samples that contain

complex mixtures. This method is used for quantitation

purposes when pure samples are involved because it is

relatively inexpensive. With the further advancement of

chromogenic substrates and detectors, Western blot can

be used effectively for sub-microgram amounts of

proteins. A disadvantage of this method is its low

throughput.

RIA is one of the most sensitive quantitative immuno-

assay methods and is capable of detecting analytes in

sub-nanogram concentrations. However, because it uses

radioactive labels, RIA use in modern quality control

laboratories is limited. ELISA, like RIA, can also quantify

analytes at nanogram levels. Both RIA and ELISA can be

executed in small 96-well microtiter plates that require

small amounts of reagents and samples and can

facilitate analysis of a large number of samples simulta-

neously. In general, ELISA, SPR, and flow cytometry are

commonly used for product release.

KEY CONSIDERATIONS IN ITM DEVELOPMENT

The goal during method development is to produce

an accurate assay that is practically feasible and

possesses an acceptable degree of intra- and interassay

precision. To minimize the overall imprecision, the

various sources of variability should be identified and

minimized.

Reagent Selection

Immunoassays are subject to several sources of

interference such as crossreactivity, endogenous inter-

fering antibodies, buffer, sample components, exposed

versus masked epitopes, and other factors. Hence, it is

critical to identify possible sources of interference during

method development both to develop a robust method

and to aid future troubleshooting.

Crossreactivity is a major obstacle during immunoas-

say development. This arises when the specificity of an

antigen–antibody reaction is compromised by the

crossreactivity binding of structurally similar molecules

with the reaction antibody. Some common examples are

protein isoforms, degraded analyte entities, molecules of

the same class, precursor proteins, metabolites, etc.

Crossreactivity can be minimized by rigorous reagent

selection.

Reagents used in ITM applications generally fall into

one of two categories: critical reagents and noncritical

reagents. Critical reagents are those that are specific and

unique to the particular ITM or reagents that are

intolerant of very small changes in composition or

stability. Examples of critical reagents generally include

assay-specific antibodies and reference standards. Non-

critical reagents are those that can vary to some degree

in composition without adversely affecting ITM perfor-

mance. Noncritical reagents are often assumed (buffers,

water quality) but later may be identified as critical if

assay ruggedness fails and troubleshooting of ITM

reagents begins. ITM-specific reagents should be de-

fined in test procedure documents, including vendor

and catalog number.

Antibody selection is critical for development of a

successful immunoassay because it defines the assay’s

specificity and sensitivity. Furthermore, during antibody

generation, a more specific antibody can be generated

by the selection of a small and specific immunogen and

affinity purification of the antibody. Currently, mono-In
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clonal antibodies (mAb) are preferred because of their

high specificity, lot-to-lot consistency, and indefinite

supply. Compared to polyclonal antibodies, mAb have a

higher initial cost to produce, but the advantages

generally outweigh the initial cost.

Similarly, immunoassays may use two distinct epitopes

on an antigen: one to capture and the other for

detection, which greatly reduces crossreactivity. Another

approach to minimize crossreactivity is to purify the

antigen before immunoanalysis. Variation in incubation

temperature and time can affect the reaction kinetics of

antibody interactions with similar yet different antigens.

Thus this property should be optimized to increase the

specificity of antigen–antibody interactions.

Optimization of Immunoassays

Optimization is an essential stage in the establishment

of a suitable ITM. Optimization ensures that ITMs

consistently produce reliable results for their intended

purpose using minimal reagents, effort, and time.

During ITM development the following should be

optimized:

� Antigen–antibody ratio, because determining the

optimal concentration is important for the stan-

dardization of the method as well as optimization of

the signal-to-noise ratio;

� Antigen–antibody reaction kinetics, because the

antigen–antibody binding is not linear, and it is

important to determine the binding curve with the

antigen and purified antigen or antigen in the

sample matrix;

� Selection of the standard because, depending on

the analyte to be tested and antibody being used in

the ITM, one can choose the same full-length

antigen for the standard or just a small portion of

the antigen containing the antibody-binding epi-

tope; and

� Matrix impact, because the sample matrix can

interfere with antigen–antibody binding and one

must study matrix effects (without the analyte). This

is usually done by determining the binding of

various concentrations of the standard in the test

sample matrix. In this manner interference from the

matrix can be determined, and a sample dilution

scheme can be established.

Several factors such as quality and concentration of

reagents, surface and method of immobilization, incu-

bation conditions and time, blocking, detection instru-

ment, substrate, removal of unbound components, and

others contribute to the performance of the assay, and

hence analysts should evaluate these factors and

optimize them according to assay needs.

The evaluation of the influence of these factors on the

response can be performed by one-factor-at-a-time

(OFAT) analysis or by design of experiments (DOE). In

OFAT, only one factor is changed at one time, and all

other factors remain fixed. In DOE, two or more factors

are changed at a time. DOE offers several advantages

over OFAT and allows the systematic estimation of

interaction between factors. DOE also requires fewer

resources for the amount of information obtained. Some

DOE techniques for the qualification of immunoassays

include Plackett-Burman Screening, partial factorial, and

Central Composite Designs.

VALIDATION

Analytical validation involves the systematic execution

of a defined protocol that establishes the analytical

method as suitable for its intended use (see Validation of

Compendial Procedures h1225i and Validation of Biological

Assays h1033i). Prevalidation studies should be carried

out according to defined parameters in the validation

protocol. Typical analytical performance characteristics

included in prevalidation are calibration model assess-

ment, sensitivity, specificity, selectivity, accuracy, preci-

In-P
rocess

R
evision

#2010 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 36(2) [Mar.–Apr. 2010] IN-PROCESS REVISION 511



sion, assay range, dilutional linearity, and stability.

Default acceptance criteria for method accuracy and

precision have been recommended to be +20%

[known as relative error (RE) or mean bias] for accuracy

[+25% at the lower limit of quantitation (LLOQ) and

upper limit of quantitation (ULOQ)] with interassay

imprecision of5 20% (5 25% at the LLOQ and ULOQ).

Furthermore, the total error (%TE) should be +30% for

all validation samples except +40% at the LLOQ and

ULOQ.

Validation constitutes assessment of calibration curve

data and quality control (QC) sample results to

determine the acceptability of an assay run (i.e., batch

acceptance). Prevalidation ensures that the assay meth-

od remains in control following its formal acceptance

after validation. Prevalidation studies and validation of

ITMs are not trivial tasks. Because of the nature of

reagent and matrix factors discussed in previous sections

of this chapter, it is often a challenge to meet the

method performance characteristics recommended by

regulatory agencies and applied to other widely

accepted bioanalytical methodologies (such as LC-MS/

MS). During sample analysis, the 4–6–20 rule (at least 4

out of 6 QC tests results are within 20% of their nominal

value) is the default criterion for accepting assay results.

An alternative approach using tolerance intervals was

proposed recently as a superior approach for controlling

error rates associated with acceptance of assay runs.

Reagent Considerations

A procedure for qualifying reagent sources and

vendors (including audits), ordering, receiving, and

disposing of commercial reagents and consumables

should be outlined in a standard operating procedure

(SOP). The preparation of internal reagents must be

documented in a manner that allows reconstruction.

Commercial and internally prepared reagents must be

labeled with identity, concentration, lot number, expi-

ration, and storage condition. The stability and assign-

ment of expiration dates for internally prepared reagents

are often based on available literature and scientific

experience, but analysts may need to confirm these

empirically. A standard operating procedure for extend-

ing expiration dating of critical reagents is recom-

mended. In addition, analysts should implement a

mechanism for reagent tracking and linking lot numbers

to analytical run numbers.

Unacceptable reagent performance is detected by

tracking QC samples. Shifts in QC samples should

prompt a review of analytical runs and changes in

reagent lot numbers or review of possible deterioration

of critical reagents. To avoid such shifts, analysts can

cross-validate critical reagent lot changes.

The impact of collection and storage containers on

analytical performance is often overlooked. When

defining the stability and expiration of in-house

reagents, analysts should record information about the

storage container vendor, catalog, and lot number. The

importance of a suitable reference standard and its

characterization cannot be overemphasized for ITMs for

biological products. Because of their inherent complex-

ity, reference standards of macromolecular biologics are

often less well characterized than are conventional

small-molecule drug reference standards. Consistency

in ITM results depends on the availability of a suitable

representative reference standard material.

System Suitability

The purpose of system suitability is to ensure that the

complete system, including the instrumentation, soft-

ware, reagents, and analyst, is qualified to perform the

intended action for the intended purpose.
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All processes should be controlled by well-defined

SOPs that ensure consistency, reduce errors, and

promote reproducibility of laboratory processes. Train-

ing files for all personnel should be contemporaneous

and should include some demonstration that analysts

are qualified to perform the method and the specific

ITM.

Instrument and software qualification begins with a

definition of the design qualifications, including a risk

assessment and gap analysis that identify potential

threats to the collection, integrity, and permanent

capture of ITM data. Qualification also includes instal-

lation (IQ) and operational (OQ) qualifications. Pur-

chased commercial instrument validation packages may

require modification to meet the intended use at each

facility. Instrumentation and software should be contin-

uously monitored for acceptable functionality by per-

formance qualification (PQ) and software validation test

script reviews. Routine instrument maintenance is

performed according to the manufacturer’s recommen-

dations, and additional maintenance may be required

based on specific needs in the working environment. A

complete history of routine and nonroutine instrument

maintenance should be archived for each instrument.

Software updates should be handled with change

control and typically require additional validation.

Adherence to the Code of Federal Regulations (CFR)

21 CFR Part 11 should be maintained.

To ensure the establishment of robust ITMs, establish a

defined process for implementing new bioanalytical

methods in the laboratory. Control documents should

be in place, including method validation plans contain-

ing a priori method acceptance criteria and validation

reports for the establishment of a new ITM. Well-written

analytical test method documents are needed to ensure

reconstruction of analytical results and to minimize

laboratory errors. Analytical test methods should include

acceptance criteria for critical aspects of the assay,

including the performance of the calibration curve,

quality controls, agreement between sample replicates,

procedures for repeat sample analysis, and identification

and treatment of outliers. Furthermore, an SOP should

be implemented for Unexpected Event investigation and

resolution.

DATA REPORTING

Unit of Measurement

Quantitative ITMs generate test sample data with a

number value interpolated from a calibration curve.

When determining the amount of analyte in a manu-

facturing process, the unit of measure often is expressed

in terms of mass of analyte per volume of solution

(concentration) or parts per million. Depending on the

nature of the measured analyte, the degree of measure-

ment standardization, the geographic region, and the

history of the method, concentration may be expressed

in terms of weight/volume or mol/volume. In some

circumstances, concentration may be converted to an

activity unit of measure in which the analyte mass is

assumed to be 100% active. Alternatively, a better

estimate of the potency of bioactive material can be

determined using cell-based assays or bioassays and the

fraction of bioactive analyte computed. In certain

circumstances, qualitative analysis using a predeter-

mined cut-off value may be an acceptable alternative

to quantitative methods.

Immunoassay Data Analysis/Nonlinear Curve-

Fitting

ITMs employ calibration curves prepared with refer-

ence standards of known (nominal) concentrations and

are included in every bioanalytical assay run. This

controls run-to-run variability and permits the estima-

tion of results for unknown test samples. Calibration
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curves typically are plotted in a log-linear manner with

the response variable (ordinate) plotted against the

nominal calibrator concentration (abscissa). The result-

ing curve that encompasses the assay’s validated range

is inherently nonlinear and is characterized by a

sigmoidal shape with asymptotic responses at the

curve’s extremes. Competitive ITMs have a negative

slope, and noncompetitive ITMs are characterized by a

positive slope. In some circumstances the upper

asymptote of noncompetitive ELISAs may not be well

defined, and the calibration curve assumes a parabolic

shape. The analyte concentration in a test sample is

estimated by interpolation of the test sample’s response

against the calibration curve by means of an appropriate

curve-fitting algorithm (usually a weighted, nonlinear,

least-squares method). Furthermore, the final reported

result is often obtained after multiplication of the

interpolated value by a dilution factor that is required

to yield a response within the ITM’s validated range. The

weighted 4-parameter logistic or 5-parameter asymmet-

ric sigmoid model is generally acknowledged to be

adequate for fitting ITM calibration data, but in some

rare applications of ITM, the use of linear, spline, or

point-to-point curve-fitting may be appropriate and

valid. Note that commercial data-reduction software

packages differ in their algorithms and weighting, which

result in differences for interpolated results. When using

the ITM as a potency assay or surrogate, refer to USP

bioassay guidance.

Not only the mean concentration–response relation-

ship needs to be fitted, but weighting should also be

employed to account for heteroscedasticity in the

response–error relationship. Basically, the quality of the

curve fit can be improved if less weight is given to

calibrator responses that exhibit greater variability.

Because the variance–response relationship is typically

a smooth and predictable function, it can be described

by a simple power relationship (variance is proportional

to some power of the mean response, �). Application of

an appropriate weighting function markedly improves

the reliability of interpolated results for test samples near

the lower and upper limits of quantification.

SOPs, study protocols, analytical test methods, and

decision flow charts are recommended to strictly define

the handling, use, editing, rejection, acceptability, and

interpretation of calibration data and test sample results

for ITMs. It is not uncommon to have several layers for

review of raw data including peer, QC, and quality

assurance review.

Out-of-Specification Results or Outliers

Under the guidance of a qualified biostatistician,

outlier tests may be implemented in controlled docu-

ments that permit the exclusion of spurious sample

results. A well-defined procedure should be in place

regarding how to identify, repeat, and report outliers.

Four common outlier tests that can be applied to

normally distributed data are the Box Plot Rule, Dixon

Test, Grubb’s Test, and Rosner Test. Outlier tests are

described in Analytical Data—Interpretation and Treat-

ment h1010i. In addition, often commercially available

statistical software has the capability to detect outliers.

The process to identify and exclude outliers should be

described in an SOP.

Test results that fall outside of their predefined

specifications or acceptance criteria should be evaluated

by an out-of-specification (OOS) investigation to identify

a root cause. To be meaningful, the investigation needs

to be thorough, timely, unbiased, well documented, and

scientifically sound. The management of OOS results

should include assessment of each individual case and

analysis of data for trends in order to detect potential

problems and to implement appropriate corrective and/

or preventive actions. For biological assays that have
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high inherent variability, an outlier test may be

appropriate to identify results that statistically are

extreme.

Trending

A quality system includes monitoring of ITM perfor-

mance by collection and review of ITM performance

characteristics. Trending may detect shifts in assay

performance that may be related to events such as

assay reagent lot changes, addition of new analysts,

shifts in environmental conditions, and others. Analysts

must be able to distinguish such analytical issues from

true changes in the measured analyte caused by

changes or errors in the manufacturing process that

have affected the product. Two of the most important

outcomes of proper trend monitoring are detecting

potential problems before they occur and identifying

areas for corrective and/or preventive action. A com-

monly used multirule QC system is the Westgard Rules

that use a combination of decision criteria, or control

rules, to decide whether an analytical run is in or out of

control. A familiar single-rule quality control procedure is

Levey-Jennings charting with control limits set as either

the mean +2 standard deviations (2s) or the mean +3s.

In addition, commercially available statistical software

often has the capability to perform control charting

procedures for QC monitoring.

Several ITM performance characteristics could be

considered for monitoring. The most common trending

value is evaluation of QC samples. Ideally, at least one

QC sample is available for long-term trending in

sufficient quantity and with demonstrated stability so it

can be assayed in every run and across multiple

manufacturing lots. As the long-term QC sample is

depleted or expires, crossover comparison and estab-

lishment of a new long-term QC should be completed.

Systematic review of QC data across assays assists in

troubleshooting failed ITM runs, providing confidence in

the evaluation of spurious results, and controlling the

introduction of replenished assay components that may

not perform exactly like previous reagents.

Other ITM performance characteristics that may be

monitored include calibration curve response variables,

curve fit parameters, and comparison of in-study QC

data with validation data.

Tracking

Regulatory agencies have strict requirements about

maintaining the identity and integrity of both samples

and data. A quality process driven by SOPs must be

implemented to ensure the correct identity and integrity

of test and reserve samples. Ideally, a bar-code system

should be used to track the collection, identity, location,

storage temperature, and length of time that a sample is

stored. This information should be captured and should

be auditable from the time of collection to disposal (or

sample depletion). The ability to track the sample history

permits reconstruction of the events leading to gener-

ation of a data result. This information is used by

regulatory agencies to ensure that the proper proce-

dures were followed and by internal auditors to ensure

that pre-analytical sample handling did not compromise

study data. In addition, sample tracking allows a

mechanism for ensuring that the analyte measurement

occurred within the demonstrated window of stability

for that analyte.

The final product generated from a bioanalytical

laboratory is a number that represents an analyte

measurement in a test sample. The steps necessary to

generate that datum and preserve it in a report are

numerous and susceptible to error. Therefore, quality

systems must be in place to minimize data errors. Errors

may be introduced by test sample misplacement or

identification, incorrect data reduction, miscalculations,
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transcription errors, omissions, and other factors. Ideally,

validated software and laboratory information manage-

ment systems are used when possible to generate,

transfer, and archive data. Typically, redundancy checks

are built into automated processes by visual data review

of at least 10% of the data-transfer processes. In the

absence of validated electronic transfer, data review

should be 100% by at least one reviewer. As with sample

tracking, data generation, manipulation, and storage

should be reconstructible. In addition, all data should be

backed up using a format that is stable. Plans should be

in place to update archived data so that as technology

changes archived data can still be retrieved. Regulatory

agencies require that raw data be available for various

lengths of time after the completion of a study or

regulatory filing. Finally, data must be secure from

corruption, alteration, or access by unauthorized per-

sonnel.&1S (USP34)

BRIEFING

h1103i Immunological Test Methods: Enzyme-Linked
Immunosorbent Assay (ELISA). This proposed new gen-
eral information chapter provides information on ELISA. The
chapter discusses only ELISA-specific issues, while more general
information relevant to all immunological test methods can be
found in the proposed general information chapter Immuno-
logical Test Methods—General Considerations h1102i, appearing
elsewhere in this issue of PF.

(BB VV: A. Khrenov) RTS—C58947

Add the following:

&h1103i IMMUNOLOGICAL TEST
METHODS: ENZYME-LINKED

IMMUNOSORBENT ASSAY (ELISA)

This general information chapter provides analysts

with general information about principles, procedures,

experimental configurations, assay development and

validation, and reference standards for enzyme-linked

immunosorbant assays (ELISA) that are used to charac-

terize and to test analytes of interest to help ensure the

quality of biological drug substances and drug products.

Although ELISA can be used in a variety of circumstan-

ces, specific applications of ELISA are not covered in this

chapter. The general information chapter provides

general methodology that can be adapted to the

specific procedures of a monograph. The chapter is

part of a suite of general information chapters for

immunological test methods (General Considerations

h1102i (proposed), Western Blotting h1104i (planned),

and Surface Plasmon Resonance h1105i (planned)) and is

also related to the forthcoming suite of general

information chapters for bioassays (h1032i, h1033i,

and h1034i).

INTRODUCTION

Definition

ELISA can be defined as a quantitative, solid-phase

immunological method to measure an analyte following
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its binding to an immunosorbent surface and its

subsequent detection by the use of enzymatic hydrolysis

of a reporter substrate, either directly (as with an analyte

that has enzymatic properties) or indirectly (by means of

an enzyme-linked antibody that binds to the immuno-

sorbed analyte). The quantity of the analyte can then be

estimated using a standard curve obtained simultane-

ously in the same assay of an appropriate, preferably

homologous, reference material. ELISA’s power has been

demonstrated by the variety of procedures that have

evolved, including alternative solid surfaces such as

beads of different sorts, various plastics in plates of

different configurations, and alternative detection meth-

ods, e.g., chemiluminescence and fluorescence. ELISA

assays are widely used in the biopharmaceutical industry

for various applications such as identity, purity, potency,

antibody titration, viral detection, and other purposes.

Basic Principles

The essential steps of an ELISA can be broken down as

follows (see Figure 1):

1. Binding of the capture reagent (generally an

antibody or antigen), which functions as an im-

munosorbant for capture of the analyte, to a solid

surface;

2. Removal of excess, unbound capture reagent

followed by blocking of unoccupied binding sites

with a blocking protein such as albumin, gelatin,

casein, or other suitable material;

3. Incubation of the analyte of interest in the test

sample or reference standard with the capture

reagent to bind the analyte onto the solid surface,

followed by washing away of unbound material in

the test sample and detection of the analyte. Direct

detection occurs when the analyte has enzymatic

activity or has been linked to a detector molecule

(e.g., enzyme); or

Incubation of the analyte in the test sample or

reference standard with the capture reagent to bind

the analyte of interest onto the solid surface,

followed by washing away unbound material in

the test sample and subsequent detection of the

analyte (3a). Indirect detection occurs when the

analyte is detected by the addition of a secondary

enzyme-labeled reagent (3b); and

4. Quantification of the analyte by addition of a

substrate suitable for the detector used [e.g., TMB

(3,3’,5,5’–tetramethylbenzidine)] followed by com-

parison of the test sample to the reference standard.
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ASSAY DESIGN

The five general categories of ELISA are described as

follows and in Table 1. The assay design is flexible and,

depending on specific needs, can be modified from

procedures described here. The choice of format

depends primarily on the amounts and purity of

reagents and equipment available. On some occasions

the antigen being characterized actually is an antibody,

as in the case of a monoclonal antibody that is being

developed as a drug. In this case, anti-idiotypic or other

antibodies specific for the antibody are used to develop

the assays.

Figure 1. Essential steps for performing an ELISA.1

1 Capture reagent binding, blocking, analyte binding (using
either a direct or indirect detection method), and analysis are
the four basic steps in an ELISA. Capture reagent binding,
blocking, and analyte binding steps are each followed by a
washing step to remove unbound reagents before the addition
of the next reagent. Before analysis an appropriate substrate is
added, followed by measurement of the substrate by
appropriate equipment for detection. Quantitation of un-
knowns takes place by comparison to a standard curve.In
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Direct ELISA (see Figure 2,A)

Directly Labeled Antibody—In this assay an

antigen is coated onto a solid surface and is blocked.

Then a solution containing a specific antibody labeled

with a detector is added. After incubation, the unbound

antibody is washed away, followed by the addition of an

appropriate substrate for the detector used.

Directly Labeled Antigen—This assay is similar to

that using a directly labeled antibody, except that the

antibody is coated onto the solid surface and a labeled

antigen is used as the detector.

Indirect ELISA (see Figure 2,B)

In this assay an antigen is coated onto a solid surface

and then, after blocking, a solution containing a specific

antibody is added. After incubation, the unbound

antibody is washed away, followed by the addition of

an anti-Ig detector antibody. Anti-Ig detectors are

available commercially for specific Ig classes and

subclasses from a variety of species, which makes this

assay format useful for isotyping of antibodies. In

addition, the use of a labeled anti-Ig detector amplifies

the signal compared to a Direct ELISA, thereby increasing

assay sensitivity.

2 The type of ELISA format depends on the availability of
reagents, the intended purpose of the assay, and the
physiochemical characteristics of the analyte of interest. For a
Bridging ELISA the capture and detector antibodies recognize
the same epitope, and therefore the target antigen must have
at least two epitopes available for binding.

Figure 2. Schematic representations of direct, indirect, competitive, sandwich, and bridging ELISAs.2

(Ab = antibody; Ag = antigen; Preincub = preincubation)

In-P
rocess

R
evision

#2010 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 36(2) [Mar.–Apr. 2010] IN-PROCESS REVISION 521



Competitive ELISAs (see Figure 2,C)

Direct Antibody Competitive ELISA—This assay is

used to detect or quantify soluble antigens. It requires a

specific antibody directed to the antigen of interest that

has been conjugated to an appropriate detector, e.g.,

alkaline phosphatase, ruthenium, fluoresceine. It also

requires a purified or partially purified antigen for

coating. The antigen is coated onto a solid surface,

followed by blocking. The antibody–conjugate is incu-

bated with the test solution that contains the antigen.

The mixture is then added to the immobilized antigen,

incubated, and washed. Substrate is added and the

inhibition of the reaction (colorimetric, electrochemilu-

minescence, fluorescence) is measured relative to the

reaction when no competitor antigen is added. The

amount of inhibition is proportional to the amount of

antigen in the test sample.

Direct Antigen Competitive ELISA—This assay is

similar to the Direct Antibody Competitive ELISA, except

that it is used to detect soluble antibodies, and the

antigen is conjugated to the detector but the antibody is

coated onto the solid surface.

Indirect Antibody Competitive ELISA—This assay

is similar to the Direct Antibody Competitive ELISA, except

that instead of directly labeling the antibody, the test

uses a labeled anti-Ig reagent for detection.

Indirect Antigen Competitive ELISA—This assay is

similar to the Direct Antigen Competitive ELISA, except

that instead of directly labeling the antigen, the test uses

a labeled antibody to the antigen for detection.

Sandwich ELISA (see Figure 2,D)

Direct Sandwich ELISA—In this assay, an antibody

is immobilized onto a solid surface and blocked, and

then a solution containing a specific antigen is added.

After an incubation step, the unbound material is

washed away, and a labeled detector antibody is added.

This assay format requires two antibodies that are

specific for the antigen, and the antigen should be

sufficiently large and complex to accommodate the

binding of two antibodies.

Indirect Sandwich ELISA—Alternatively, instead of

directly labeling the detector antibody, one can use an

anti-Ig antibody detector.

Bridging ELISA (see Figure 2,E)

This assay is similar to the Sandwich ELISA, except that

a single antibody is used for both capture and detection.

If a monoclonal antibody is used, it requires that the

target antigen have at least two identical epitopes that

are adequately spaced to prevent steric hindrance so

that one epitope binds to the capture antibody and the

other epitope binds to the detector antibody. Alterna-

tively, a polyclonal antibody can be used but still requires

that the target antigen be large enough to accommo-

date the binding of two antibody molecules.

Table 1 provides a further comparison of the five types

of ELISA and gives some guidance about the typical uses

and required reagents for each type.

CHOICE OF ASSAY

Deciding which ELISA procedure or format to use

often depends on individual choice and availability of

reagents, instruments, and other equipment.

Even so, restrictions attend the use of some formats if

the antigen is small and has a limited number of

epitopes available for antibody binding. If the number of

such epitopes is effectively restricted to one, then ELISA

methods that use the sandwich/two-site binding or

other bridging formats cannot be used because they

require at least two available epitopes that are available

for antibody binding. Examples of such small molecules
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are some peptides, oligosaccharides, nucleotides, and

antibacterials. Analysts usually adopt a competitive assay

format for such small analytes.

Different assays and formats may show different

properties and characteristics, e.g., specificity, sensitivity,

dynamic range, dose–response, sample throughput,

and capacity for automation. Ease of validation may

also vary between different assay protocols and formats.

With respect to specificity and sensitivity, bridging assays

are usually suitable for most molecules.

PROCEDURES

Solid Phase

Coating, the Immobilization of Capture

Reagent—The adherence of capture reagents to a

solid phase is achieved by coating the surface with a

solution containing the capture reagent. The most

commonly used solid-phase materials for capture

reagent immobilization are plastic 96-well microtiter

plates. Those with flat-bottom wells are recommended

for spectrophotometric readings, and round-bottom

well plates are useful for visual assessment of a dye’s

color development. The degree of coating is influenced

by the concentration of capture reagent, temperature

during coating, duration of capture reagent adsorption,

and nature of the buffer of the capture reagent solution.

Although the optimum coating concentration must be

determined for each capture reagent, concentrations of

1–5 mg/mL are most commonly used. The volume of

capture reagent added to each well usually corresponds

to the sample volume to be analyzed, i.e., 50–100 mL.

Coating duration, temperature, and buffers are dis-

cussed separately below. During the coating procedure

avoid introducing bubbles. Proteins binding to plastic

can be denatured, which alters antigenicity. In such

cases a capture antibody or an intermediary protein,

such as Protein A or Protein G, can be used. The pH of

the coating buffer should be optimized based on the

isoelectric point of the capture reagent.

Microtiter Plates—The composition and commer-

cial source of the microtiter plate can influence binding

of the capture reagent during coating. Several microtiter

plates from different suppliers should be compared

using a single coating procedure to select those that

provide high specificity for the capture reagent of

interest and low nonspecific background. Comparisons

of different grades of plates from a single supplier may

also be needed. Clear plates should be used for

colorimetric ELISA, white opaque plates for chemilumi-

nescent ELISA, and black opaque plates for fluorometric

ELISA. Acidic capture reagents may require a lower pH

solution to neutralize repulsive forces between the

protein and solid phase. Peptides require a buffer with

an optimal pH in the range of 2.5–4.6. Polysaccharides,

lipopolysaccharides, or glycoproteins may be difficult to

coat directly to the plate and may require a capture

antibody or a buffer that contains lysine or glutaralde-

hyde. Coating with an antibody may be enhanced by

precoating the microtiter plate with Protein A or Protein

G or a combination of the two, which allows binding to

the Fc region so that the Fab portion can bind to the

capture reagent of interest.

Microtiter plate formats other than the 96-well variety,

such as 384-well plates, can be used to increase

throughput. Labor-saving equipment such as plate

washers may be used.

Coating Time—The duration of coating depends on

binding kinetics, stability, concentration of capture

reagent, and the temperature of incubation. Although

different combinations of coating times and tempera-

tures often result in the same coating efficiency, stability

of the capture reagent (which should be determined

during method development) influences which condi-
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tions to select. Assess the impact of varying the coating

time in order to determine the robustness of the assay

procedure.

Coating Temperature—Coating temperature and

time are closely related assay parameters. The coating

temperature depends on the binding kinetics and

stability of the antigen. Higher temperatures can

increase the rate of adsorption and may shorten the

coating time, but they are likely to affect interaction sites

and to reduce antigen–antibody affinity. Typical combi-

nations of time and temperature are 2–4 hours at room

temperature, 2 hours at 378, or overnight at 48.

Determine the effects of variations in temperature in

order to assess the robustness of the assay procedure.

Buffers—Buffers used for coating, blocking, and

washing plates can affect overall assay performance.

Buffer components potentially can interact with the test

sample and inhibit binding. They also can cause low

antigen sensitivity or high nonspecific background

activity.

DILUENT—Phosphate-buffered saline (PBS) with Tween

(0.01%–0.1%) is commonly used for different ELISA

steps as a diluent and washing buffer.

COATING BUFFERS—Commonly used coating buffers in-

clude 50 mM carbonate, pH 9.6; 20 mM Tris-HCl, pH

8.5; and 10 mM PBS, pH 7.2. The choice of coating

buffer depends on the nature of the individual antigens

and should be empirically determined.

BLOCKING AGENTS—A blocking agent is a compound (e.g.,

protein, detergent) that is used to saturate the remain-

ing immunosorbant binding sites following capture

reagent (antibody or antigen) binding. This prevents

nonspecific binding of analyte and nonanalyte compo-

nents to the immunosorbant matrix.

Nonspecific binding occurs when protein in the test

sample binds to the plastic of the microtiter plate instead

of specifically binding to the capture reagent of interest.

Nonspecific binding can be reduced by adding blocking

reagent to the wells and by the addition of another

protein such as bovine serum albumin (BSA) to the

dilution buffer.

The choice of blocking agent should be governed by

the nature of the capture reagent, plate, coating buffer,

test sample diluent, and related factors. If any of these

parameters changes, a change in blocking agent may be

needed. Commonly used blocking agents include BSA,

nonfat milk, gelatin, normal horse serum, fetal calf

serum, Tween-20, and others. Several grades of BSA are

available commercially, and the optimal grade should be

determined for each assay.

Adding Samples and Reagents

Samples and reagents are generally added to the

ELISA plate with pipets. Care should be taken to avoid

cross-contamination, frothing, or bubbles.

Pipets—A variety of pipets, such as single and

multichannel with set or fixed volumes, are available.

The type and accuracy of pipets should be evaluated for

each application. Multichannel pipets are commonly

used with 96-well microtiter plate assays. These pipets

are available with 8 or 12 channels, which permit quick

and uniform addition of samples and reagents. Care

must be taken to ensure that the pipet tips are firmly

placed on all channels. For each pipet regular mainte-

nance and professional calibration should be performed

and documented.

Tips—A variety of pipet tips are available, some of

which are specific to the type of pipet. The type and

accuracy of pipet tip should be evaluated for each

application, particularly as related to the viscosity of the

materials.
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Washing

Washing steps are included throughout the ELISA

procedure to remove the nonabsorbed coating antigen

and unbound sample and detection agents. Washing is

critical for assay performance and is a key parameter to

evaluate during method development. Washing proce-

dures often may be the source of assay failure. Multiple

techniques can be used for washing. Manual techniques

include using a squeeze bottle, dipping the microtiter

plate in wash buffer, and adding wash buffer with a

multichannel pipet. Take care when using manual

techniques in order to avoid cross-well contamination.

Automatic microplate washers provide more consistency

in washing across the entire plate and within plates.

Strip-well and multiwell washers are available. Most

automatic washers can be programmed for different

dispensing volumes, number of washes, speed of

removal of buffer, and amount of residual buffer left in

the well. Inappropriately functioning automatic washing

can cause assay variation. Automatic washer mainte-

nance may include cleaning/flushing daily and between

different assays.

Incubation

ELISAs are incubated following the addition of samples

and reagents. The optimal time and temperature of each

incubation step should be determined during method

development. Incubation times vary from minutes to

overnight. Commonly used incubation temperatures are

room temperature, 48, and 378. ELISA plates are

commonly covered or placed in a secondary container

to avoid evaporation or contamination during incuba-

tion. Atmospheric conditions such as dry or humidified

incubation should be evaluated during method devel-

opment. Rocking or rotation of the microtiter plates may

be necessary depending upon the kinetics of binding.

Blocking Conditions and Nonspecific Reactions

After immobilization and removal of the unbound

antigen or antibody, blocking of unoccupied binding

sites must be completed to ensure that the measured

ligand analyte in the test article or subsequent (detec-

tion) reagents does not bind nonspecifically to the solid

surface or to the coated antigen or antibody. If

nonspecific binding occurs, any reported signal could

bias the measurement. Blocking is critical to ensure the

sensitivity and/or specificity of the assay.

Sources of nonspecific binding fall into two general

categories:

1. Ionic or hydrophobic interactions, when bind-

ing is mediated by nonspecific ionic or hydrophobic

interactions between assay reagents and the solid

surface or another assay reagent.

2. Immunological interactions, when binding is

mediated by unintended antigen–antibody interac-

tions. This occurs when antibody preparations used

in the assay have the capacity to interact with other

reagents used in the assay. For example, if an ELISA

were designed to test a serum-derived analyte using

a murine capture antibody, antibodies in the test

article with reactivity to murine Ig, (also known as

heterophilic antibodies) could be nonspecifically

detected in the assay.

Although there is no universal blocking reagent, in

general the major types include detergents (usually non-

ionic, e.g., Tween 20 or Triton X-100) and proteins (e.g.,

albumin, gelatin, serum, dry milk). The choice of

blocking agent is empirically determined, and the

balance between the reduction in nonspecific binding

and impact on assay sensitivity should be assessed

during method development.

In addition, removal of Ig from the test articles using

buffers that disrupt the conformation or aggregate the

heterophilic antibodies, blocking with nonimmune

serum, or removal of Fc regions in critical antibody
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reagents can reduce and/or eliminate undesired immu-

nological interactions that cannot be addressed by the

blocking reagents described above.

Treatment of Samples

Although ELISA assays are designed to measure an

analyte in complex mixtures, the presence of other

materials can prove problematic if they interfere with

analyte detection. The specific procedure to treat

samples to remove nonspecific interfering substances

(e.g., reducing agents, precipitation, affinity binding)

can be empirically determined during method develop-

ment and can then be incorporated into the validated

assay in order to ensure assay specificity. Any sample

processing step must be balanced against the potential

that the treatment will alter the test article properties

and/or introduce further variability, resulting in biased

measurements.

Enzyme-Conjugated Antibodies

Depending on ELISA format, enzyme-conjugated

antibodies can be used as primary or secondary reagents

to enable detection of the immobilized analyte. In a

direct or competitive ELISA (Figure 2,A, C), after the

analyte of interest has been bound on the immunosor-

bent, excess analyte is washed away, and the immobi-

lized analyte is detected using an enzyme-conjugated

antibody that is considered to be the primary antibody.

In other ELISA formats (Figure 2,B, D, E), the analyte-

specific Ig (nonconjugated primary antibody) is allowed

to bind to the immobilized analyte and any excess

antibody is washed away before the addition of an

enzyme-conjugated antibody, which is termed the

secondary antibody.

To facilitate detection, in all ELISA formats a substrate

specific to the conjugated enzyme is introduced into the

assay system. An enzymatic reaction ensues, converting

a substrate into a product that can be measured using

the appropriate reader. ELISA sensitivity depends on the

labeling enzyme and the substrate used. If multiple

differently conjugated antibodies are available, analysts

should select one appropriate for the assay. During this

evaluation, the dilution of each conjugate that yields

desirable sensitivity and specificity should be determined

using appropriate controls.

The most commonly used labeling enzymes for

conjugating to antibodies include alkaline phosphatase

(AP), horseradish peroxidase (HRP), and galactosidase.

These enzymes are highly specific, sensitive, and stable

in catalyzing chromogenic, luminescent, or fluorescent

reactions. para-Nitrophenyl phosphate (pNPP) is a

commonly used substrate for AP. Commonly used

substrates for HRP include TMB (3,3’,5,5’-tetramethyl-

benzidine), OPD (o-phenylediamine hydrochloride), and

ABTS (2,2’-azino-bis[3-ethyl-benzothiazoline-6-sulfonic

acid] diammonium salt), and are shown in Table 2.

The substrates for AP and HRP are chromogenic and

result in the formation of a colorimetric product that can

be measured using a spectrophotometer. Chemilumi-

nescent and fluorescent substrates for AP and HRP are

also available, and in many cases they are available as

commercial kits. CSPD (disodium 3-(4-methoxy-

spiro[1,2-dioxetane-3,2’-(5’-chloro)-tri-cyclo[3.3.1.13,7]-

decan-4 -y l )pheny l phospha te ) i s a known

chemiluminescent substrate for AP. The principle of

enzymatic reactions involving chemiluminescent and

fluorescent substrates is described in Table 2. Well-

known fluorescent substrates for galactosidase include

MG (4-methylumbelliferyl galactoside) and NG (nitro-

phenyl galactoside). The use of a chemiluminescent

In
-P

ro
ce

ss
R

ev
is

io
n

#2010 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
526 IN-PROCESS REVISION Vol. 36(2) [Mar.–Apr. 2010]



substrate requires use of a luminometer to quantitate

the formed product. A fluorometer is needed if a

fluorescent substrate is used in the ELISA.

Table 2 also provides a summary of the advantages

and disadvantages of different types of substrates in

ELISA. The use of colorimetric substrates has been

prevalent since the origin of ELISA. ELISAs that use

colorimetric substrates yield robust assays and are

generally more cost efficient than assays that use

chemiluminescent and fluorescent substrates, primarily

because of the higher cost of reagents and equipment

needed to measure chemiluminescence and fluores-

cence. However, chemiluminescent and fluorescent

ELISA readouts also offer important advantages because

they yield assays that are more rapid and sensitive and

may demonstrate a wider dynamic range than assays

that use a colorimetric readout. The final choice of

readout should be governed by the assay purpose and

the type of equipment at hand.
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ASSAY DEVELOPMENT AND VALIDATION PLAN

Critical Reagent Development

Key considerations for critical reagents are source,

purity, specificity, and stability. Ligand binding assays for

quality measurements use critical reagents for analyte

capture and detection, along with reference standards.

Source—The availability and quality of the starting

material should be controlled so that manufacturing of

the (purified) reagent can be reproducibly and consis-

tently performed, potentially over several decades.

Because critical reagents are biological molecules,

sources may range from chemical synthesis (e.g.,

peptides) to complex biological matrices (e.g., antibod-

ies prepared from serum, monoclonal antibody from

ascites/cell culture, or fermentation/cell culture prod-

ucts). When appropriate for the intended use of the

assay, a single lot of a critical reagent can be

manufactured to establish a substantial supply and to

postpone lot-to-lot variability for an extended time. In

other instances it may be appropriate to include in the

validation multiple lots or multiple suppliers in order to

demonstrate that the assay is sufficiently robust for its

intended use.

Purity—In general, critical reagents have a purity of

at least 95% to ensure the removal of impurities and

manufacturing process residuals that may influence

reagent performance and/or stability.

Specificity—Specificity of a critical reagent refers to

its ability to capture or detect the analyte of interest. The

reagent should be specific to the analyte and should

show little nonspecific or no cross-binding to off-target

molecules in complex test articles.

Stability—Empirical determination of critical reagent

stability is required to ensure assay performance over

time (accuracy, precision, reproducibility, assay drift).

Stability of critical reagents under long-term (months to

years) storage conditions (e.g., temperature and con-

tainer) should be determined so appropriate expiry

dating can be assigned. Determination of short-term

(minutes to days) stability is also required but is

associated primarily with assay performance to ensure

day-to-day accuracy, precision, and reproducibility.

Feasibility/Pilot Studies

The process by which an ELISA method is developed,

validated, and used in routine sample analysis can be

divided into the following:

� Method development and establishment of assay

procedures and instrumentation

� Reference standard preparation and stability assess-

ment

� Assay validation

� Routine implementation (technology transfer) of the

method into the testing laboratory

� Monitoring of assay performance

During assay development the critical parameters and

reagents that are required for the assay should be

assessed and set at levels that yield good assay

performance (accuracy, precision, robustness, and

others). In many instances several parameters may

require assessment, and well-designed experiments will

accelerate assay development, particularly for assessing

the potential interaction of several inputs.

Many ELISA procedures are product specific, and

external reference standards may not be available. The

method of preparation and stability of reference

standards should be considered early in assay develop-

ment.
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Assay Validation

Assay validation is executed to demonstrate that the

particular test used for an analyte is appropriate for its

intended use. Critical parameters that must be consid-

ered for validation include accuracy; precision (repeat-

ability, intermediate precision, and reproducibility);

specificity; sensitivity; limit of detection; limit of quan-

tification; and robustness.

More information about assay validation can be found

in general information chapter Validation of Compendial

Procedures h1225i and general chapter Validation of

Biological Assays h1033i.

Instrument Qualif ication/Certif ication

(including multichannel pipetting techniques)—Com-

mon tools in ELISA include liquid-handling reagent

instruments such as manual and automated pipetting

devices, washing devices, and reaction detectors–read-

ers. All automated instrumentation must be properly

validated according to specific protocols for qualification

of its installation, operation, and performance (IQ, OQ,

and PQ). Manual and multichannel pipetting devices

should be calibrated and certified.

Validation Protocol—Validation should be execut-

ed using a defined, documented protocol that demon-

strates the performance of the assay that will be used to

measure the analyte under conditions specified for the

intended application of the assay. The critical parameters

and acceptance criteria must be defined in the validation

protocol. The data generated must be evaluated against

the predetermined acceptance criteria to ensure that the

procedure is validated for its intended purpose. For

more information please refer to general information

chapter h1225i.

DATA ANALYSIS

The analysis of ELISA data can be simple (e.g., a linear

calibration with inverse regression) or complex (e.g., a

bioassay-like analysis or a nonlinear calibration curve

with inverse regression). The type of analysis depends on

the properties of the assay system and the intended use

of the assay.

Basics

Basic statistical methods are not detailed here. The

general information chapter Analytical Data—Interpreta-

tion and Treatment h1010i addresses important funda-

mentals, including data handling; computation of

means, standard deviations, and standard errors; detec-

tion of and methods to address nonconstant or non-

normal variation; detection of and management of

outliers; and procedures for and interpretation of

statistical tests and confidence intervals. The concepts

behind validation, goals, designs, analysis, and practical

methods for validation are described in chapters h1010i,

h1225i, and general chapter h1033i. The general test

chapter Design and Analysis of Biological Assays h111i

contains guidance about combining results from inde-

pendent assays.
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Nonlinear Calibration

Nonlinear calibration for bioassays draws on many

statistical design and analysis methods that are de-

scribed in the USP–NF and other sources. These include

methods for assessing and addressing nonconstant

variance, designs and analysis methods for experiments

with complex structures, and validation. The concepts

behind linear calibration design, analysis, and inverse

regression apply in nonlinear calibration, and profes-

sional statisticians can help to apply these well.

The type and rigor of data analysis depend largely on

the assay system and the intended uses of the assay. For

example, data reduction may estimate a concentration

of an unknown sample (e.g., ng/mL) using a calibration

curve. Other approaches include estimation of an IC50

or ED50, estimation of the amount of a sample that

yields the same response as the ED50 (or IC50) on a

standard curve, and an estimate of the relative activity of

a test sample compared to a reference standard. More

extensive guidance about statistical methods for poten-

cy analysis is given in general chapter h1033i.

Reporting Results

Estimates of concentration should be reported with an

associated confidence interval. The reported value, or

estimate used to describe a sample, can be based on a

combined result from multiple assays.

APPENDIX 1.
Additional Sources of Information about Specific Topics in Validation and Data Analysis

Analytical Data—In-

terpretation and

Treatment h1010i

Design and

Analysis of Bio-

logical Assays

h111i

Validation of

Compendial

Procedures

h1225i

Validation of Biologi-

cal Assays h1033i
Means X

Standard deviations X

Standard errors X

Nonnormality X X

Nonconstant variance X X

Outliers X X

Tests X

Confidence intervals X

Validation X X

Combining results from multi-

ple assays

X
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APPENDIX 2

Abbreviations

ABTS—2,2’-Azino-bis[3-ethyl-benzothiazoline-6-sul-

fonic acid] diammonium salt

AP—Alkaline phosphatase

BSA—Bovine serum albumin

CSPD—Disodium 3-(4-methoxyspiro[1,2-dioxetane-

3,2’-(5’-chloro)-tri-cyclo[3.3.1.13,7]decan-4-yl)phe-

nyl phosphate

ELISA—Enzyme-linked immunosorbent assay

HRP—Horseradish peroxidase

Ig—Immunoglobulin

MG—4-Methylumbelliferyl galactoside

NG—Nitrophenyl galactoside

OPD—o-Phenylediamine hydrochloride

PBS—Phosphate-buffered saline

pNPP—para-Nitrophenyl phosphate

TMB—3,3’,5,5’-Tetramethylbenzidine&1S (USP34)

BRIEFING

h1119i Near-Infrared Spectroscopy, USP 32 page 622.
On the basis of comments received, it is proposed to revise the
tolerances for Wavelength Uncertainty under Qualification of NIR
Instruments.

(GC: H. Pappa) RTS—C85010

Change to read:

INSTRUMENTATION

Apparatus

All NIR measurements are based on exposing material to
incident NIR light radiation and measuring the attenuation of
the emerging (transmitted, scattered, or reflected) light.
Several spectrophotometers are available; they are based on
different operating principles—for example: filters, grating-
based dispersive, acousto-optical tunable filter (AOTF), Fouri-
er–transform NIR (FT–NIR), and liquid crystal tunable filter
(LCTF). Silicon, lead sulfide, indium gallium arsenide, and
deuterated triglycine sulphate are common detector materials.
Conventional cuvette sample holders, fiber-optic probes,
transmission dip cells, and spinning or traversing sample
holders are common examples of sample interfaces for
introducing the sample to the optical train of a spectrometer.

The selection of specific NIR instrumentation and sampling
accessories should be based on the intended application, and
particular attention should be paid to the suitability of the
sampling interface for the type of sample that will be analyzed.

Near-Infrared Reference Spectra

NIR references, by providing known stable measurements to
which other measurements can be compared, are used to
minimize instrumental variations that would affect the mea-
surement.

Transmittance—The measurement of transmittance re-
quires a background reference spectrum for determining the
absorption by the sample relative to the background. Suitable
transmittance reference materials depend on the specific NIR
application and include air, an empty cell, a solvent blank, or a
reference sample.

Reflectance—The measurement of reflectance requires the
measurement of a reference reflection spectrum to determine
the attenuation of reflected light relative to the unattenuated
incident beam. The reflectance spectrum is calculated as the
ratio of the single-beam spectrum of the sample to that of the
reference material. Suitable reflectance reference materials
depend on the specific NIR application and include ceramic,
perfluorinated polymers, gold, and other suitable materials.

Qualification of NIR Instruments

Qualification—Qualification of an NIR instrument can be
divided into three elements: Installation Qualification (IQ);
Operational Qualification (OQ); and Performance Qualification
(PQ). For further discussion, see the proposed general
information chapter Analytical Instrument Qualificationh1058i.

Installation Qualification—The IQ requirements help ensure
that the hardware and software are installed to accommodate
safe and effective use of the instrument at the desired location.
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Operational Qualification—In operational qualification, an
instrument’s performance is characterized using standards to
verify that the system operates within target specifications. The
purpose of operational qualification is to demonstrate that
instrument performance is suitable. Because there are so many
different approaches for measuring NIR spectra, operational
qualification using standards with known spectral properties is
recommended. Using external traceable reference standard
materials does not justify omitting the instrument’s internal
quality control procedures. As is the case with any spectro-
scopic device, wavelength uncertainty, photometric linearity,
and noise characteristics of NIR instruments should be qualified
against target specifications for the intended application.

Performance Qualification—Performance qualification dem-
onstrates that the NIR measurement consistently operates
within target specifications defined by the user for a specific
application; it is often referred to as system suitability.
Performance qualification for NIR measurements can include
comparing a sample or standard spectrum to previously
recorded spectra. Comparisons of spectra taken over time
from identical and stable samples or reference standard
materials can form the basis for evaluating the long-term
stability of an NIR measurement system. The objective is to
demonstrate that no abnormal wavelength shift or change in
detector sensitivity has occurred during ongoing analysis.

Characterizing Instrument Performance—Specific
procedures, acceptance criteria, and time intervals for charac-
terizing NIR instrument performance depend on the instru-
ment and intended application. Many NIR applications use
previously validated models that relate NIR spectral response to
a physical or chemical property of interest. Demonstrating
stable instrument performance over extended periods of time
provides some assurance that reliable measurements can be
taken from sample spectra using previously validated NIR
models.

Wavelength Uncertainty—NIR spectra from sample and/or
reference standard materials can be used to demonstrate an
instrument’s suitable wavelength dispersion performance
against target specifications. The USP Near IR System
Suitability Reference Standard or the National Institute of
Standards and Technology (NIST) Standard Reference Material
(SRM) 2036 for reflectance measurement and NIST SRM 2035
for transmittance measurement can be used for wavelength
verification. Suitable materials for demonstrating wavelength
dispersion performance include polystyrene, mixtures of rare
earth oxides, and absorption by water vapor for instruments
that use an interferometer for wavelength dispersion. With
appropriate justification, alternative standards may be used.
Wavelength uncertainty typically is characterized from a single
spectrum (collected with the same spectral resolution to obtain
the standard value) using a minimum of three peaks that cover
a suitable spectral range of the instrument. Typical tolerances
for agreement with standard values are +1.0 nm from
approximately 700 to 2000 nm and +1.5 nm above 2000
nm to approximately 2500 nm (+8 cm–1 below 5000 cm–1 and
+4 cm–1 from 5000 cm–1 to approximately 14,000 cm–1)

&+1.0 nm at 1200 and 1600 nm and +1.5 nm at 2000

nm (+8 cm–1 at 8300 cm–1 and +4 cm–1 at 6250 cm–

1 and 5000 cm–1).&1S (USP34)

Alternative tolerances may be used when justified for specific
applications.

Photometric Linearity and Response Stability—NIR spectra
from samples and/or reference standard materials with known
relative transmittance or reflectance can be used to demon-
strate a suitable relationship between NIR light attenuation
(due to absorption) and instrument response. For reflectance
measurements, commercially-available reflectance standards
with known reflectance properties are often used. Spectra
obtained from reflection standards are subject to variability as a
result of the difference between the experimental conditions
under which they were factory calibrated and those under
which they are subsequently put to use. Hence, the reflectance
values supplied with a set of calibration standards may not be
useful in the attempt to establish an ‘‘absolute’’ calibration for
a given instrument. Provided that (1) the standards do not
change chemically or physically, (2) the same reference
background is also used to obtain the standard values, and
(3) the instrument measures each standard under identical
conditions (including precise sample positioning), the repro-
ducibility of the photometric scale will be established over the
range of standards. Subsequent measurements on the identical
set of standards give information on long-term stability.
Photometric linearity is typically characterized using a mini-
mum of four reference standards in the range from 10% to
90% reflection (or transmission). NIR applications based on
measuring an absorbance larger than 1.0 may require
standards with reflectivity properties between 2% and 5%
reflection (or transmission) for characterizing instrument
performance at low reflectance. The purpose is to demonstrate
a linear relationship between NIR reflectance and/or transmit-
tance and instrument response over the scanning range of the
instrument. Typical tolerances for a linear relationship are
1.00+0.05 for the slope and 0.00+0.05 for the intercept of
a plot of the measured photometric response versus standard
photometric response. Alternative tolerances may occur when
justified for specific applications.

Spectroscopic Noise—NIR instrument software may include
built-in procedures to automatically determine system noise
and to provide a statistical report of noise or S/N over the
instrument’s operating range. In addition, it may be desirable
to supplement such checks with measurements that do not
rely directly on manufacturer-supplied procedures. Typical
procedures involve measuring spectra of traceable reference
materials with high and low reflectance. Tolerances for these
procedures should demonstrate suitable S/N for the intended
application.

HIGH-FLUX NOISE—Instrument noise is evaluated at high-light
flux by measuring reflectance or transmittance of the reference
standard, with the reference material (e.g., 99% reflection
standard) acting as both the sample and the background
reference.

LOW-FLUX NOISE—The same procedure may be used with a
lower-reflectivity reference material (e.g., 10% reflectance
standard) to determine system noise at reduced light flux.
The source, optics, detector, and electronics make significant
contributions to the noise under these conditions.
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BRIEFING

Teaspoon h1221i, USP 32 page 728. The specification for a
teaspoon is specifically covered in Teaspoon h1221i. The new
general test chapter Packaging and Storage Requirements
h659i, appearing elsewhere in this issue of PF, will include the
information currently in h1221i. Therefore, it is being proposed
to omit h1221i from the USP–NF.

(P&S: D. Hunt.) RTS—C83544

Delete the following:

&h1221i TEASPOON

For household purposes, an American Standard Teaspoon
has been established by the American National Standards Insti-
tute* as containing 4.93+0.24 mL. In view of the almost uni-
versal practice of employing teaspoons ordinarily available in
the household for the administration of medicine, the teaspoon
may be regarded as representing 5 mL. Preparations intended
for administration by teaspoon should be formulated on the ba-
sis of dosage in 5-mL units. Any dropper, syringe, medicine cup,
special spoon, or other device used to administer liquids should
deliver 5 mL wherever a teaspoon calibration is indicated. Un-
der ideal conditions of use, the volume error incurred in mea-
suring liquids for individual dose administration by means of
such calibrated devices should be not greater than 10% of
the indicated amount.

Household units are used often to inform the patient of the
size of the dose. Fifteen milliliters should be considered 1 stan-
dard tablespoonful; 10 mL, 2 standard teaspoonfuls; and 5 mL,
1 standard teaspoonful. Doses of less than 5 mL are frequently
stated as fractions of a teaspoonful or in drops.

Because of the difficulties involved in measuring liquids under
normal conditions of use, patients should be cautioned that
household spoons are not appropriate for measuring medi-
cines. They should be directed to use the standard measures
in the cooking-and-baking measuring spoon sets or, preferably,
oral dosing devices that may be provided by the practitioner. It
must be kept in mind that the actual volume of a spoonful of
any given liquid is related to the latter’s viscosity and surface
tension, among other influencing factors. These factors can also
cause variability in the true volumes contained in or delivered
by medicine cups. Where accurate dosage is required, a cali-
brated syringe or dropper should be used.&1S (USP34)

BRIEFING

h1601i Products for Nebulization—Characterization
Tests. The European Pharmacopoeia monograph Preparations
for Inhalation (0671), under the section Liquid Preparations for
Nebulization, states that the ‘‘continuously operating nebulizers
... allow the dose to be inhaled at an appropriate rate and par-
ticle size, which ensures deposition of the preparation in the
lungs.’’ Currently, neither the European Pharmacopoeia nor
USP contain a chapter describing a modern methodology to

be used for the assessment of products for nebulization. In this
proposed nonmandatory general information chapter, USP
proposes tests that characterize products for nebulization and
not necessarily for routine quality control. Readers are invited to
comment on this proposed new chapter.

(AER: K. Zaidi.) RTS—C73263

Add the following:

&h1601i PRODUCTS FOR
NEBULIZATION—CHARACTERIZATION

TESTS

Products used for nebulization and intended for pul-

monary delivery are characterized using the following

tests:

— Drug Substance Delivery Rate and Total Drug Sub-

stance Delivered;

— Aerodynamic Assessment of Nebulized Aerosols.

These tests standardize the approach to the assess-

ment of the dose that would be delivered to a patient

but are not intended to provide assessment of the nebu-

lizer device itself.1 The mass rather than the number-

weighted size distribution is more appropriate to evalu-

ate product performance. Drug substance mass as a

function of aerodynamic diameter is more indicative of

therapeutic effect within the respiratory tract.

DRUG SUBSTANCE DELIVERY RATE AND TOTAL

DRUG SUBSTANCE DELIVERED

These tests are performed to assess the rate of delivery

to the patient and the total drug substance delivered to a

patient using standardized conditions of volumetric flow

rate. Breath-enhanced and breath-actuated nebulizers

should be evaluated by a breathing simulator because

the output of these types of device is highly dependent

* American National Standards Institute, 1430 Broadway, New York, NY
10018.

1 European Standard 13544-1 : 2001. Respiratory Therapy
Equipment. Part 1: Nebulizing systems and their components.
European Committee for Standardization. Brussels, Belgium.
2001.
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on inhalation flow rate. The methodology below de-

scribes the use of a standard breathing pattern defined

for adults. Should a particular product for nebulization

be indicated only for pediatric, i.e., neonate, infant, or

child use, then pediatric breathing pattern(s) must be

used.2 Breathing patterns are used, rather than continu-

ous flow rates, to provide a more appropriate measure of

the mass of drug substance that would be delivered to

patients.

Drug substance delivery rate and total drug substance

delivered are appropriate characteristics because they al-

low the mass delivered to be characterized in a standard

way regardless of the nebulizer used. Accordingly, the

test methodology described below (a) measures the

mass of drug substance delivered in the first period (typ-

ically 1 min) consequently giving an assessment of drug

substance delivery rate and (b) captures the total drug

substance mass delivered.

APPARATUS

Breathing Simulator—A commercially available

breathing simulator that is able to generate the breath-

ing profiles specified in Table 1 is used for the test. The

breathing profile indicated for adults is used unless the

medicinal product is specifically intended for use in pedi-

atrics, when alternate patterns should be used, as indicat-

ed in Table 1.

Filter System—A suitably validated low-resistance fil-

ter, capable of quantitatively collecting the aerosol and

enabling recovery of the drug substance with an appro-

priate solvent, is used for the test. The dead volume of

the filter casing does not exceed 10% of the tidal volume

used in the breath simulation.

PROCEDURE

Attach the filter (contained in the filter holder) (A) to

the breath simulator (B) according to Figure 1. Fill the

nebulizer (C) with the volume of the drug product as

specified in the patient instructions. Attach the mouth-

piece of the nebulizer to the inhalation filter using a

mouthpiece adapter if required, ensuring that connec-

tions are airtight. Position the nebulizer in the same ori-

entation as intended for use. This may require tilting the

breathing simulator and filter holder. Set the breathing

simulator to generate the specified breathing pattern.

Table 1. Breathing Simulator Specification

Item Specification

Adult Neonate Infant Child

Total volume 500 mL 25 mL 50 mL 155 mL

Frequency 15 cycles per min 40 cycles per min 30 cycles per min 25 cycles per min

Waveform sinusoidal sinusoidal sinusoidal sinusoidal

Inhalation:exhalation

ratio

1 : 1 1 : 3 1 : 3 1 : 2

2 Suitable breathing patterns for pediatric use may be found,
for example, in Canadian Standard CAN/CSA/Z264.1-
02 : 2002, Spacers and Holding Chambers for Use with Metered
Dose Inhalers. Canadian Standards Association, Mississauga,
Canada 2002.
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Figure 1. Experimental Set-Up for Breathing Simulator Testing.

Start the breathing simulator and at the beginning of

an inhalation cycle, start the nebulizer. Operate the neb-

ulizer for a defined initial time period. The length of the

time interval ensures that sufficient drug substance is de-

posited on the inhalation filter for quantitative analysis. A

time of 60+ 1 s typically enables direct determination of

the drug substance delivery rate. The time chosen, usual-

ly 60+ 1 s, must allow sufficient drug substance deposi-

tion on the inhalation filter to allow quantitative analysis.

If the quantity of drug substance deposited on the inha-

lation filter in 60 s is insufficient for this analysis, the

length of the time interval for aerosol collection can be

increased. If the filter is soaked with the product, this

time can be decreased. At the end of this initial period,

stop the nebulizer, dismantle the filter holder, and recov-

er the drug substance from the filter and the filter holder

using a suitable solvent.

Place a fresh filter and filter holder in position and con-

tinue until nebulization ceases. Interrupt nebulization

and exchange filters, if necessary, to avoid filter satura-

tion.

RESULTS

Using a suitable method of analysis, determine the

mass of drug substance collected on the filters and filter

holders during each time interval. Determine the drug

substance delivery rate by dividing the mass of drug sub-

stance collected on the first inhalation filter by the time

interval used for collection. Determine the total mass of

drug substance delivered by summing the mass of drug

substance collected on all inhalation filters.

AERODYNAMIC ASSESSMENT OF NEBULIZED

AEROSOLS

Nebulized products need to be size-characterized at

flow rates lower than the range that is typically used for

powder inhalers and metered-dose inhalers. The CEN

standard recommends a flow rate of 15 L/min because

this value represents a good approximation to the mid-

inhalation flow rate achievable by a healthy adult breath-

ing at 500 mL tidal volume.

Although low-angle laser light-scattering instruments

(laser diffractometers) can provide rapid size-distribution

measurements of nebulizer-generated aerosols, these

techniques do not detect the drug substance. Rather,

they measure the size distribution of the droplets irre-

spective of their content. This may not be a problem with

homogeneous solutions, but it can result in significant er-

ror if the product to be nebulized is a suspension, or if

droplet evaporation is significant, as can be the case with

certain nebulizer types. Cascade impactors enable the

aerosol to be characterized unambiguously in terms of

the mass of drug substance as a function of aerodynamic

diameter. Laser diffraction may be used if validated

against a cascade impaction method.
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Apparatus 5 (see general information chapter Aerosols

h601i), a cascade impactor, has been calibrated at 15 L/

min specifically to meet the recommendation of the CEN

Standard and is therefore used for this test.3 Determining

mass balance in the same way as for powder inhalers and

metered-dose inhalers is not straightforward because the

dose is being captured as a continuous output and hence

is not included. Recovery experiments must be per-

formed as part of method development and validation.

Control of evaporation of droplets produced by nebuliz-

ers may be critical to avoid bias in the droplet size assess-

ment process. Evaporation can be prevented by cooling

the impactor to a temperature of about 58, typically

achieved by cooling the impactor in a refrigerator for

about 90 min.

Typically, at least after each day of use, the apparatus

must be fully cleaned, including the inter-stage passage-

ways, because of the greater risk of corrosion caused by

the condensation/accumulation of saline-containing

droplets on inter-stage metalwork associated with cool-

ing the impactor. All surfaces of the apparatus should

be dried after each test, e.g, with compressed air.

[Note—The micro-orifice collector (MOC) should not

be dried with compressed air.]

APPARATUS

A detailed description of Apparatus 5 and the induc-

tion port is contained in h601i, and includes details of

critical dimensions and the qualification process for the

impactor (stage mensuration).

A back-up filter in addition to the MOC must be used

to ensure quantitative recovery of drug substance from

the nebulized aerosol at the specified flow rate of 15 L/

min. The filter is located below the MOC (internal filter

option), or a filter in holder external to the impactor is

used to capture any fine droplets that pass beyond the

last size fractionating stage. A pre-separator is not used

for testing nebulizer-generated aerosols.

METHOD VALIDATION

Impactor Stage Overloading—During method de-

velopment and validation, confirm that the volume of

liquid sampled from the nebulizer does not overload

the impactor. Visual inspection of the collection surfaces

on stages collecting most of the droplets will normally re-

veal streaking if overloading has occurred. This pheno-

menon is usually also associated with an increase in

mass of drug substance collected on the final stage and

back-up filter. Reducing the sampling period (To) is the

most effective way to avoid overloading in any given sys-

tem, balancing overloading with analytical sensitivity.

Re-entrainment—Droplet bounce and re-entrain-

ment are less likely with nebulizer-produced droplets

than with solid particles from other types of inhaler, thus

coating would not normally be required.

PROCEDURE

Pre-cool the assembled impactor and induction port in

a refrigerator (set at about 58) for not less than 90 min,

and start the determination within about 5 min of impac-

tor removal from the refrigerator. Other methods that

maintain the impactor at a constant temperature (e.g,

use of a cooling cabinet) can also be employed when val-

idated.

Set up the nebulizer with a supply of driving gas (usual-

ly air or oxygen), or use a compressor at the pressure and

flow rate specified by the manufacturer of the nebulizer.

Ensure that the gas supply line does not become de-

tached from the nebulizer when under pressure. Fill the

nebulizer with the volume of the medicinal product as

specified in the patient instructions.

3 Marple VA, Olson BA, Santhanakrishnan K, et al. Next gener-
ation pharmaceutical impactor: A new impactor for pharma-
ceutical inhaler testing. Part III: Extension of archival
calibration to 15 L/min. J Aerosol Med 2004; 17(4):335-343.

Pharmacopeial Forum
Vol. 36(2) [Mar.–Apr. 2010] IN-PROCESS REVISION 537

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Remove the impactor from the refrigerator. Attach the

induction port to the impactor, and connect the outlet of

the impactor/external filter to a vacuum source that is ca-

pable of withdrawing air through the system at 15 L/min,

as specified in Figure 2. Turn on the flow through the im-

pactor.

Connect a flow meter, calibrated for the volumetric

flow leaving the meter, to the induction port. Adjust

the flow control valve located between the impactor

and the vacuum source to achieve a steady flow through

the system at 15 L/min (+5%). Remove the flow meter.

Position the nebulizer in the same orientation as in-

tended for use, then attach the mouthpiece of the neb-

ulizer to the induction port, using a mouthpiece adapter

if required. Switch on the flow/compressor for the nebu-

lizer. Sample for a predetermined time (To). Once deter-

mined, this time (To) must be defined and used in the

analytical method for a particular drug product to ensure

that mass fraction data can be compared. At the end of

the sampling period, switch off the driving gas flow/

compressor to the nebulizer, remove the nebulizer from

the induction port, and switch off the flow from the vac-

uum source to the impactor. Dismantle the impactor

and, using a suitable method of analysis, determine the

mass of drug substance collected in the induction port

on each stage and on the back-up filter as described

for Apparatus 5 (see general chapter Aerosols h601i).

Add the mass of drug substance collected in the MOC

to that deposited on the back-up filter/external filter

and treat as a single sample for the purpose of subse-

quent calculations.

Calculate the fine particle mass of the drug substance

based on the predetermined time (To). Calculate the

mass fraction (Fm,comp) of the drug substance deposited

on each component of the impactor, commencing with

the induction port and proceeding in order through the

impactor, using the following expression:

Fm,comp = mcomp/M

mcomp = mass associated with the component under

evaluation;

M = total mass collected by the system.

Figure 2. Apparatus 5 for Measuring the Size Distribution of Products for Nebulization.
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Present Fm,comp in order of location within the measure-

ment equipment, beginning at the induction port and

ending with the back-up filter of the impactor (see Figure

3). Fm,comp values for adjacent stages of the impactor may

be combined in order to report the mass fraction collect-

ed on a group of stages as a single value.

Figure 3. Example of Mass Fraction of Droplets Presented

in Terms of Location within the Sampling System.

Determine the cumulative mass-weighted particle-size

distribution of the aerosol size-fractionated by the impac-

tor in accordance with the procedure given in general

chapter Aerosols h601i. Starting at the filter, derive a cu-

mulative mass versus effective cut-off diameter of the re-

spective stages (see Table 2 for the appropriate cut-off

diameters at 15 L/min). Plot the cumulative fraction of

drug substance versus cut-off diameter in a suitable for-

mat, e.g, logarithmic or log-probability format. Where

appropriate, use this plot to determine by interpolation

the fraction either less than a given size or between an

upper and lower size limit.

Table 2. Cut-off Sizes for Apparatus 5 at 15 L/min

Stage

Cut-off Diameter

(mm)

1 14.1

2 8.61

3 5.39

4 3.30

5 2.08

6 1.36

7 0.98

If necessary, and as appropriate, use this plot to deter-

mine values for the mass median aerodynamic diameter

(MMAD) and the geometric standard deviation (GSD).

Other validated computational methods may also be

used.&1S (USP34)

BRIEFING

h1761i Applications of Nuclear Magnetic Resonance
Spectroscopy. See briefing under Nuclear Magnetic Resonance
Spectroscopy h761i.

(GC:K. Zaidi) RTS—C73264

Add the following:

&h1761i APPLICATIONS OF NUCLEAR
MAGNETIC RESONANCE

SPECTROSCOPY

PRINCIPLES OF NMR

Nuclear magnetic resonance (NMR) spectroscopy is an

analytical procedure based on the magnetic properties of

certain atomic nuclei. NMR is similar to other types of

spectroscopy in that absorption of electromagnetic ener-
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gy at characteristic frequencies provides analytical infor-

mation. NMR differs from other types of spectroscopy

because the discrete energy levels between which the

transitions take place are created by placing the nuclei

in a magnetic field of strength H0. Although the initial

field strength of the applied field is H0, when the sample

is inserted into the magnet the field strength throughout

the sample becomes B0, defined as follows:

B0 = mSH0 [1]

in which mS is the magnetic susceptibility of the sample.

Atomic nuclei are charged and behave as if they were

spinning on the nuclear axis. The angular momentum,

r0, of the nucleus is characterized by a spin quantum

number (I). The maximum observable component of

the angular momentum, r, is

r = Ih/2p = I�h [2]

in which h is Planck’s constant and �h is modified Planck’s

constant.

Table 1 shows the values of I as a function of the mass

number and the atomic number of nuclei.

Table 1. Nuclear Spin Values as a Function of Mass and
Atomic Numbers

Mass

Number

Atomic

Number Nuclear Spin I

odd even or odd 1/2, 3/2, 5/2 ...

even even 0

even odd 1, 2, 3 ...

The angular momentum creates a magnetic moment,

m, which is parallel to and directly proportional to r.

m = gr = gI�h [3]

where g is the magnetogyric ratio and is a constant for all

nuclei of a given isotope, regardless of their position in a

molecule.

Nuclei that have a spin quantum number I 6¼ 0, when

placed in an external uniform static magnetic field, align

with respect to the field in (2I + 1) possible orientations.

Thus, for nuclei with I = 1/2, which include most isotopes

of analytical significance (Table 2), there are two possible

orientations, corresponding to two different energy

states. The energies of these two states are + mB0, and

their separation is

E = mB0 – (– mB0) = 2mB0 [4]

with more nuclei populating the lower energy state

(–mB0) than the higher energy state (+ mB0). The popula-

tions are in accordance with the Boltzmann distribution:

N+/N– = exp(–E/kT) [5]

where N+ and N– are the populations of the high and low

energy states, respectively; k is the Boltzmann constant;

and T is the temperature in K.

A nuclear resonance is the transition between these

states, and upward as well as downward transitions are

possible. In a static magnetic field the nuclear magnetic

axis precesses (Larmor precession) about the B0 axis. The

precessional angular velocity is often referred to as the

Larmor frequency, o0, and is related to B0:

If energy from an oscillating radio-frequency (rf) field is

introduced, then resonance is achieved when the rf fre-

quency is the same as the precessional angular velocity.

Although the probability of an upward transition is equal

to that of a downward transition, more upward transi-
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tions take place than downward transitions because N– is

greater than N+. Hence, an overall absorption of energy

takes place. As shown in Table 2, the resonance frequen-

cy of a nucleus increases in direct proportion with the in-

crease of the magnetic field strength.

NMR is a technique of high specificity but relatively low

sensitivity. The basic reason for the low sensitivity is the

comparatively small difference in energy between the

upper and lower energy states (0.02 calories at 15 to

20 kilogauss field strength), which results in a population

difference between the two levels of only a few parts per

million. Another important aspect of the NMR phenome-

non, with negative effects on sensitivity, is the long life-

time of most nuclei in the excited state, which affects the

design of the NMR analytical test, especially in pulsed re-

petitive experiments. Simultaneous acquisition of the en-

tire spectrum instead of frequency-swept spectra can

give increased sensitivity per unit time.

The signals (peaks) in an NMR spectrum are character-

ized by four attributes: resonance frequency, multiplicity,

line width, and relative intensity. The analytical useful-

ness of NMR arises from the observation that the same

types of nuclei, when located in different molecular envi-

ronments, exhibit different resonance frequencies. The

reason for this difference is that the effective field associ-

ated with a particular nucleus is a composite of the exter-

nal field provided by the instrument and the field

generated by the circulation of the surrounding elec-

trons. The latter field is generally opposed to the external

field and lowers the overall field strength at the nuclear

site. The phenomenon is termed shielding. Hence, the

more shielded nuclei have lower Larmor frequencies.

It is not convenient to directly measure accurately the

absolute values of transition frequencies, which is a differ-

ence by comparison with other spectroscopic proce-

dures. However, it is convenient to measure accurately

the difference in frequencies between two resonance sig-

nals. The position of a signal in an NMR spectrum is de-

scribed by its separation from another resonance signal

arbitrarily taken as standard. This separation is called

chemical shift.

Table 2. Properties of Some Nuclei Amenable to NMR Study

Resonance Frequency (MHZ) at

Nucleus I

Natural

Abundance,

% Sensitivity 1.4093 Ta 7.0463 T 141.7440 T

1H 1/2 99.98 1.00 60.000 300.000 500.000

13C 1/2 1.108 0.0159 15.087 75.432 125.721

19F 1/2 100 0.83 56.446 282.231 470.385

31P 1/2 100 0.0663 24.289 121.442 202.404

11B (3/2) 80.42 0.17 19.250 96.251 160.419
a T = tesla: 1.4093 T = 14.093 kilogauss.
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The chemical shift, which is the difference between

two resonance frequencies, is directly proportional to

the magnetic field strength. However, the ratio between

the chemical shift, in frequency units, and the instrument

frequency is constant. This allows for a definition of a di-

mensionless chemical shift parameter (d) that is indepen-

dent of the instrument frequency:

in which �ss is the test substance line frequency; �rs is the

reference line frequency; �0 is the instrument frequency,

in MHz; and dr is the chemical shift of the reference.

By employing this equation, one can use (with appro-

priate caution) the chemical shift of any known species

(such as the residual 1H-containing species in deuterated

solvent) as a chemical shift reference. This equation, now

in common use, is applicable to nearly all procedures ex-

cept in the relatively rare cases where very precise chem-

ical shift values must be determined and is readily

adaptable to nuclei for which non-zero reference stan-

dards are the only practical method of chemical shift de-

terminations.

Tetramethylsilane (TMS) is the most widely used chem-

ical shift reference for proton and carbon spectra. It is

chemically inert, exhibits only one line (which is more

shielded than most signals), and is volatile, which allows

ready specimen recovery. Sodium 3-(trimethylsilyl)pro-

pionate (TSP) or sodium 2,2-dimethyl-2-silapentane-5-

sulfonate (DSS) is used as an NMR reference for aqueous

solutions. The resonance frequency of the TSP or DSS

methyl groups closely approximates that of the TMS sig-

nal, but DSS has the disadvantage of showing a number

of methylene multiplets that may interfere with signals

from the test substance. Where the use of an internal

NMR reference material is not desirable, an external ref-

erence can be used.

Conventional NMR spectra are shown with shielding

increasing from left to right. Resonance lines appearing

at the right are termed more shielded (i.e., they show

greater electron density) than those appearing at the left:

The latter are said to be deshielded (i.e., they show lower

electron density). Resonance lines from the more shield-

ed and the less shielded nuclei often are inappropriately

called the high-field or upfield lines and the low-field or

downfield lines, respectively. The latter terms should be

used only when the spectrometer sweeps the magnetic

field. They should never be used for a frequency sweep

instrument, or a Fourier transform (FT) spectrometer,

which sweeps neither the magnetic field nor the trans-

mitter frequency. Further, more shielded nuclei have low-

er Larmor frequencies than do less shielded nuclei.

Therefore, to have the most shielded resonance lines ap-

pear to the right, continuous wave (CW) spectrometers

that sweep the transmitter frequency must sweep to low-

er frequencies when the recorder arm moves from left to

right.

The coupling between two nuclei can be described in

terms of the spin-spin coupling constant, J, which is the

separation (in Hertz) between the individual peaks of the

multiplet. When two nuclei interact and cause reciprocal

splitting, the measured coupling constants in the two re-

sulting mutiplets are equal. Furthermore, J is indepen-

dent of magnetic field strength.
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Coupled spin systems are usually referred to as weak or

strong. These terms depend on the separation of the Lar-

mor frequencies of the coupled nuclei compared to the

coupling constant between them. Both of these values

are easily measured from the spectrum. For a weakly cou-

pled system, the separation expressed in Hz (D�) is large

compared to J, which is always expressed in Hz. Thus, the

ratio of the two is dimensionless. For a weakly coupled

system, the ratio is large. Typically, spectroscopists con-

sider a ratio above 4 to 6 to be weak, although many pre-

fer a ratio above 7 or 8. Weakly coupled spin systems

produce first-order spectra, whereas strongly coupled

systems do not.

First-order spectra are comparatively easy to analyze.

The number of individual peaks that are expected to be

present in a multiplet and the relative peak intensities are

easily predictable. The number of peaks is determined by

2 nI + 1, where n is the number of identical nuclei on ad-

jacent groups that are active in splitting and I is the spin

of those nuclei causing the splitting. For protons this be-

comes (n + 1) peaks. In general, the relative intensity of

each peak in the multiplet follows the coefficient of the

binomial expansion (a + b)n. These coefficients can con-

veniently be found by use of Pascal’s triangle, which pro-

duces the following relative areas for the specified

multiplets: doublet, 1 : 1; triplet, 1 : 2 : 1; quartet,

1 : 3 : 3 : 1 ; q u i n t e t , 1 : 4 : 6 : 4 : 1 ; s e x t e t ,

1 : 5 : 10 : 10 : 5 : 1; and septet, 1 : 6 : 15 : 20 : 15 : 6 : 1.

Two examples of idealized first-order spectra arising from

weak coupling are shown in Figure 1.

Figure 1. Diagrammatic representation of simple first-

order spectra resulting from weakly coupled spin

systems.

Coupling may occur between 1H and other nuclei,

such as 19F, 13C, and 31P. In some cases, e.g., in the CW

mode, the coupling constants may be large enough that

part of the multiplet is off scale at either end. This type of

coupling can occur over the normal three-bond distance,

as it does for 1H–1H coupling.

Magnetically active nuclei with I�1, such as 14N, pos-

sess an electrical quadrupole moment, which produces

line broadening of the signal caused by neighboring nu-

clei.

Another characteristic of an NMR signal, its relative in-

tensity, has wide analytical applications. In carefully de-

signed experiments (see the section Solid-State NMR),

the area or intensity of a signal is directly proportional

to the number of protons that give rise to the signal. As
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a result, one can determine the relative ratio of the differ-

ent kinds of protons or other nuclei in a specimen or per-

form NMR assays with the aid of an internal standard.

The NMR spectra may contain extraneous signals be-

cause of the inhomogeneity of the magnetic field

throughout the specimen. These extra signals are called

spinning side bands and appear as lines symmetrically lo-

cated around each normal signal. The presence of large

spinning side bands indicates that the nonspinning

shims require adjustment. The separation, in Hz, be-

tween the normal signal and either one of the side bands

is equal to the frequency of the specimen tube spin rate

or some integral multiple of that frequency. Thus, ana-

lysts can readily identify spinning side bands by changing

the spinning rate and then obtaining another spectrum.

NMR SPECTROMETERS

Introduction

NMR spectrometers have evolved since the first com-

mercial instrument, a Varian HR-30, was produced in

1952. Initially NMR spectrometers used a technique

known as CW, which was based on sweeping the mag-

netic field. The limitations of CW spectrometers include

low sensitivity and long analysis time.

Today’s spectrometers operate at frequencies up to

900 MHz and apply an rf pulse to the sample to produce

a time-domain signal known as a Free Induction Decay

(FID), which is then Fourier transformed into a frequen-

cy-domain signal. This technique is known as FT NMR

spectroscopy. Current NMR spectrometers are com-

posed of several key components: the magnet, the

probe, the console, and the computer.

The distinctive components of an NMR spectrometer

are a magnet and a source of rf pulses. The instruments

are described by the approximate resonance frequency

of the analytical nucleus, e.g., 1H NMR. More recently, in-

struments are referred to by their field strengths.

The Magnet

Until the early 1970s, NMR magnets were either ferro-

magnetic-core electromagnets or permanent magnets

that operated at field strengths of 1.41 to 2.35 T, corre-

sponding to 1H resonance frequencies of 60, 80, 90, and

100 MHz. The first NMR magnets based on supercon-

ducting magnets were introduced in the 1960s and al-

lowed access to much higher field strengths that

currently are as high as 21.14 T (900 MHz).

Superconducting magnets are the most expensive

component of an NMR spectrometer and can cost up

to several million dollars. These magnets consist of miles

of Nb3Sn or NbTi wire. When these materials are wound

into a solenoid that is immersed in liquid helium at 4.2 K,

they become superconducting. That is, an electrical cur-

rent can be induced in them by an energizing power sup-

ply, and that current will persist for many years even after

the power supply is removed. This essentially constant

electrical current is used to generate high static magnetic

fields that can be several times higher than those ob-

tained with ferromagnetic core magnets. Ensuring that

the superconducting coil is immersed in liquid helium

at all times is the only maintenance needed to sustain

these high fields.

Figure 2 contains a diagram of a typical superconduct-

ing magnet. The superconducting solenoid is immersed

in a liquid-helium Dewar at 4.2 K. This unit is itself con-

tained in a liquid-nitrogen Dewar at 77.4 K. Each Dewar

is surrounded by a vacuumed space and reflective film

coating to prevent outside heat of the laboratory from

entering the helium Dewar. The central core or room-

temperature bore provides room for the stack that con-

tains the shim coils for room-temperature shimming. Fi-

nally the probe is inserted into the stack. Samples are

injected or ejected from the probe by means of a jet of

air.
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Figure 2. Schematic representation of a superconducting

magnet.

An important recent advance in magnet technology

has been the construction of shielded magnets that have

stray fields that extend only a few meters from the center

of the magnet in three dimensions, thereby making mag-

net sitting a far easier task than it was with unshielded

magnets.

In addition to the main solenoid, the helium Dewar

also contains several other superconducting coils that

are used to shim the main magnetic field as a first step

in attaining very high field homogeneity. Inserted in

the bore of the magnet is the room-temperature shim

stack that contains a large number (20 to approximately

30) of shim coils. These coils operate at ambient temper-

ature and are used to generate small magnetic fields that

oppose and cancel inhomogenieties caused by the sur-

roundings, the probe, or the sample itself. Computer

software has taken over a large amount of the tedious

job of shimming the magnet homogeneity, a critical task

for obtaining good NMR data. Using the lock signal from

the sample, spectroscopists can generate a field map for

each of the shim coils. Using this map, the computer

then calculates the amount of current that should be ap-

plied to each of the shim coils to maximize the magnetic

field homogeneity. Typically this operation takes less

than a minute for on-axis (Z1 to Z6) shim coils. The off-

axis (X/Y) inhomogenieties can be compensated for in

a similar manner but usually in a much longer period of

time because of the larger number of off-axis coils.

The Probe

The NMR probe may be the most important part of the

spectrometer. The probe consists of at least one rf coil,

which is inductive (L), and several tunable capacitive

(C) elements. These elements are tuned to enable the

probe to transmit and receive at the Larmor frequency,

�. For a given nucleus, the probe tuning is determined

by [� = 1/(2p(LC)1/2)]. A pulse of rf at the Larmor frequen-

cy results in an applied magnetic field (B1), which must

be applied perpendicular to the static field generated

by the magnet superconducting coil. The rf coil not only

transmits the excitation pulse but is also electronically

switched to receive the rf signal from the sample.

The most common NMR sample tube is the 5-mm (od)

NMR tube. However, probes have been designed in

many forms. Some probes can accommodate 10- or

20-mm tubes for samples that are not in limited supply,

such as petroleum and polymers. For limited amounts of

precious samples, probes have been designed to accept

tubes as small as 1 mm (5 mL). Also, flow probes are avail-

able to obtain data directly from a liquid chromatogra-

phy effluent.

Probes are available in a large number of configura-

tions. The most common probe usually contains a broad-

band observe coil that is tunable over a wide range of

frequencies (31P to 109Ag), a decoupler (1H) coil, and a coil

tuned to deuterium (2H) for field-frequency lock. Usually,

the decoupler coil is double-tuned for both 1H and 2H.

Probe configurations can include as many as 4 channels

for multidimensional work with biological macromole-

cules.
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The probe can come in the normal configuration

where the X-nucleus observe-coil (e.g. 13C) is wound

closest to the sample and the decoupler coil (1H) is far-

ther away. The inverse configuration is also available to

provide the maximum signal-to-noise (S/N) ratio in

two-dimensional (2-D) indirect heteronuclear experi-

ments such as heteronuclear single-quantum correlation

spectroscopy (HSQC) and heteronuclear multiple-bond

correlation (HMBC), where the X-nucleus is indirectly de-

tected via the 1H frequency. Another recent advance-

ment in probe design is the cryoprobe wherein the rf

coils and their preamplifiers are held at close to liquid he-

lium temperatures (20 K). Because rf electronics generate

lower noise levels at colder temperatures, S/N ratios can

be increased by at least a factor of 4 in these probes. Be-

cause the S/N ratio of a spectrum is given by n1/2, where n

is the number of acquisitions, an enhancement by a fac-

tor of 4 to the initial S/N ratio translates to a savings of 16

in time or to a 4-fold reduction in sample size.

Probes can also be equipped with gradient coils that

are used to apply a magnetic field gradient in the z only

or x, y, and z directions. These gradients can be used to

study diffusion or, more commonly, have come to be in-

tegral parts of pulse sequences because they provide an

efficient means for selecting specific coherences in 2-D

experiments.

In addition to the electronic coils, probes usually come

equipped with a heater coil that enables variable temper-

ature work from –1008 to 1508. Probes also have gas out-

lets to allow sample insertion and ejection from the

probe as well as sample spinning. Sample spinning appa-

ratuses may be internal or external to the probe.

For solid-state samples the probes come with cylindri-

cal rotors that are filled with the sample and capped. The

entire rotor can then be oriented at an angle of 54.748

(known as the magic angle) relative to the magnetic field

direction and spun at rates up to 70 kHz. Rapid rotation

at this angle helps remove the chemical shift anisotropy

and dipolar coupling so that the very broad resonances

observed in the solid state can be reduced considerably.

The Console and Computer

The NMR console has the primary function of generat-

ing the various Larmor frequencies required for a given

experiment, amplifying and transmitting these frequen-

cies to the probe, and detecting the resulting signals that

are present in the probe so that they can be used to cre-

ate an NMR spectrum. In addition to these primary func-

tions, the console performs many more operations, all of

which are computer-controlled. Figure 3 contains a sche-

matic diagram of a spectrometer console.
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Figure 3. Schematic Diagram of an NMR Spectrometer.

The computer continually controls the signal to the

lock transmitter (A) so the resonance of the lock material

can be detected in the lock receiver to maintain field/fre-

quency control. The computer also controls the frequen-

cy synthesizer (B) that generates the various frequencies

that are close to the Larmor frequencies of the observed

or perturbed nuclei. For a specific experiment, the com-

puter triggers the pulse programmer (C), which, in turn,

sends timing signals (pulse width, phase, and shape) to

the observer transmitter (D), the decoupler (E), and the

gradient amplifier (F), depending on which of these units

are needed for that experiment. Once the observed nu-

cleus in the probe (G) is excited by a pulse from the ob-

served transmitter, the resultant rf signal is amplified in

the preamplifier (H). Then the signal is mixed (J) with a

local oscillator (I) to generate a lower rf frequency, called

the intermediate frequency (IF) that is further amplified

(K). A second mixing stage, this time with a different lo-
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cal oscillator (L), results in an audio signal that is then de-

tected in quadrature (M) before being amplified (N),

converted (O) from an analog to a digital signal, and

stored in the computer. After the signal is processed to

create a spectrum, the digital data can be converted back

to an analog signal in a digital-to-analog converter (P)

and printed.

The output from the phase-sensitive detector (M) is the

free induction decay (FID). The FID is a time-domain sig-

nal, f(t), that can be represented as the sum of a constant

and cosine and sine functions as shown in Eq. 8 This

equation is known as the trigonometric Fourier series re-

presentation of f(t):

in which a0 is a constant, n is an integer, SW is the spectral

width, o0 = 2p/T where T is the acquisition time of the

FID, and an and bn are the coefficients of the cosine

and sine functions, respectively. These coefficients are

typically referred to as the Fourier coefficients. Note that

the symbol o0 is not the Larmor frequency as shown in

Eq. 10. Instead, in Eq. 8, o0 is the symbol generally used

by mathematicians to represent 2p radians, or one cycle.

The FT solves for the values of the constant and the Fou-

rier coefficients. A plot of the constant and the coeffi-

cients an vs n forms the real spectrum, and a plot of the

coefficients bn vs n forms the imaginary spectrum. Math-

ematically, the FT can be written as shown in Eq. 9. The

process converts the time-domain signal, f(t), into the

frequency-domain signal, F(o). The process is performed

by multiplying the FID by exp(–iot) and then integrating

over time.

In practice, the limits of the integral are from 0 to T.

Hence, Eq. 9 becomes:

Using Euler’s formula, Eq. 11, one obtains Eq. 12:

e+ix = cos(x) + isin(x) [11]

which can then be substituted into Eq. 10 to yield Eq. 13:

In Eq. 13 m is an integer that ranges from 0 to n.

Because the FID, f(t), is the sum of a constant and co-

sine and sine functions, four terms are produced when

Eq. 13 is expanded. (The constant is a cosine function

with n = 0). These four terms are:

1. an cos(no0t) 6 cos(mo0t)

2. ibn sin(no0t) 6 cos(mo0t)

3. ian cos(no0t) 6 sin(mo0t)

4. –bn sin(no0t) 6 sin(mo0t).

After integration and other mathematical operations

such as normalization, terms (1) and (4) produce the real

spectrum, and the terms (2) and (3) produce the imagi-

nary spectrum. Ordinarily, terms (2) and (3) would give

zero after integration because the cosine and sine func-

tions are orthogonal and nondecaying. However, in

practice they produce the imaginary spectrum because

the FID does decay, and this adds additional terms to

the equations.

When two detectors are employed (M) with their refer-

ence frequencies shifted from each other by 908, fre-

quencies that are positive with respect to the reference

can be distinguished from those that are negative. This

system is referred to as Quadrature Phase-Sensitive De-

tection (QPD). Each detector produces an FID, but they

will always be 908 out of phase with respect to each oth-

er. One FID is called the real FID, and the other is called
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the imaginary FID. The FT that is performed in this case is

called a complex FT. The final result produces both a real

and an imaginary spectrum with the zero frequency in

the center of the spectrum, and positive frequencies ap-

pear to one side of zero and negative ones to the other

side.

In addition to the FT process, the computer is also used

for postacquisition processing of the data. The frequen-

cy-domain spectrum that results from the complex FT

can then be phased, baseline corrected to remove arti-

facts, integrated to obtain peak areas, and peak picked

to provide chemical shift information. The computer is

also capable of providing spectra calculated from chem-

ical shift and coupling values, curve-fitting resonances,

and deconvoluting complex overlapped peaks. Finally,

the digital data can be converted to their analog form

by a DAC (O) and printed.

RELAXATION

NMR includes two types of relaxation: 1) Spin-Spin Re-

laxation, sometimes referred to as Transverse Relaxation,

or T2 Relaxation, and 2) Spin-Lattice Relaxation, some-

times referred to as Longitudinal Relaxation, or T1 Relaxa-

tion. At least two mechanisms contribute to Transverse

Relaxation: loss of signal due to B0 inhomogeneity and

the natural relaxation that would take place even in a

perfectly homogeneous field. The combined effects of

these two mechanisms produce a new time constant

for the relaxation, which is referred to as T2*.

Spin-Spin Relaxation (Transverse Relaxation)

After an rf pulse, the component of M0 in the (x,y)

plane, Mxy, will gradually decay toward zero. The process

is first order, and like other types of first-order processes,

the instantaneous rate of decay of Mxy is directly propor-

tional to its displacement from equilibrium. The further

Mxy is displaced from zero, the faster it decays, and as it

approaches zero it decays more and more slowly. Hence,

Eq. 14 applies.

dMxy/dt a (–Mxy) [14]

The process is analogous to the decay of a radioactive

element. However, spectroscopists do not speak of the

rate of decay of an FID in terms of its half-life. Instead,

they speak of its 1/e-life, that is, how long it takes for

the FID to decay to a value that equals 1/e of its original

value at time zero. Standard mathematical manipula-

tions yield

Mxy = M0 exp(–t/T2*) [15]

where M0 is the equilibrium distribution given by Eq. 14,

and T2* is the rate constant for the decay. T2* is a measure

of how fast the signal decays, i.e., rate of decay—it is not

how long it takes to decay. The rate of decay is fastest

immediately after the pulse because then it is furthest

from its equilibrium position, zero. If the rate remained

constant at this initial rate, then the signal would be com-

pletely decayed after one T2*.

Table 3 was prepared from Eq. 15. It shows the percent-

age of Mxy remaining as a function of time after a 908

pulse. In Table 3 time is given as the number of T2*s.

Table 3. Percent of Mxy Remaining as a Function of Time, in Units of T2*

Time/T2* 0.0 0.5 1.0 1.5 2.0 3.0 4.0 5.0

% Remaining 100.0 60.7 36.8 22.3 13.5 5.0 1.8 0.7

Pharmacopeial Forum
Vol. 36(2) [Mar.–Apr. 2010] IN-PROCESS REVISION 549

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



As stated previously, Mxy asymptotically approaches ze-

ro, and it would take infinitely long for complete decay,

but the decay is normally considered to be complete

when the time has reached 3 to 5 times T2*. Hence, these

times are commonly used as acquisition times. If acquisi-

tion times that are shorter than 3 to 5 times T2* are used,

the FID is truncated and subsequent FT leads to baseline

artifacts.

The decay of the FID produces the line width in the fi-

nal spectrum. The faster the decay, the broader is the

line. The mathematical relationship is:

D�1/2 = 1/(pT2*) [16]

where D�1/2 is the width of the line at its half-height.

Spin-Lattice Relaxation (Longitudinal

Relaxation)

After an rf pulse, nuclei are excited from the low-ener-

gy state into the high-energy state. The nuclei will even-

tually relax back to establish the Boltzmann distribution

(see Eq. 5), and this process is called Spin-Lattice Relaxa-

tion. The recovery process is first-order, and like other

types of first-order processes the instantaneous rate of

growth of Mz is directly proportional to its displacement

from equilibrium. The farther Mz is displaced from M0,

the faster it grows back, and as it approaches M0 it grows

back more and more slowly. Hence, Eq. 14 applies.

dMz/dt a (M0 – Mz) [17]

Standard mathematical manipulations yield

Mz = M0 (1 – exp(– t/T1) [18]

Note that T1 is a measure of how fast Mz grows back to

M0—it is not how long it takes to grow back. Table 4 was

prepared from Eq. 5 and shows the percentage of recov-

ery of Mz as a function of time after a 908 pulse. In this

table, time is given as the number of T1.

As stated previously, Mz asymptotically approaches M0,

and it would take infinitely long for 100% recovery. How-

ever, recovery is normally considered to be complete

when it has reached 99%. Hence, relaxation delays of

5T1 are commonly used in pulse sequences. The rate of

return to M0 is fastest immediately after the pulse be-

cause that is when M0 is farthest from its equilibrium po-

sition. If the rate remained constant at this initial rate,

then full recovery would be achieved after one T1.

TIP ANGLE

During an rf pulse, a magnetic field (B1) is applied to

the sample. The magnetization vector M precesses about

B1 according to

o1 = gB1 [19]

where o1 is the precessional frequency and B1 is the

strength of the magnetic field applied to the sample.

During the time that the pulse is applied, M precesses

to an angle (a) given by the precessional rate multiplied

by the width of the pulse, in time, (PW). Then,

PW 6 o1 = a = gB1 6 PW [20]

Table 4. Percent Recovery of Mz as a Function of Time, in Units of T1

Time/T1 0.0 0.5 1.0 1.5 2.0 3.0 4.0 5.0

% Remaining 0.0 39.3 63.2 77.7 86.5 95 98.2 99.3
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Tip angles typically are expressed in units of degrees or

in radians. For example, a 908 pulse is sometimes referred

to as a p/2 pulse.

Optimum Tip Angle, or Ernst Angle

Time averaging to improve the S/N ratio is accom-

plished by applying a repetitive sequence of pulses. Sup-

pose that during the first pulse, M precesses 308 about B1

before the pulse is turned off. At this time the magnitude

of Mz is Mcos 308. While the FID is being collected, Mz will

begin to grow back toward its equilibrium value, M0.

Typically, the second pulse is applied before Mz reaches

M0, driving Mz down even farther away from M0. Conse-

quently, Mz begins to grow back faster because it is even

farther away from its equilibrium value. After 6 to 10 pul-

ses, Mz will grow back an amount that is equal to the in-

cremental displacement caused by each succeeding

pulse. It will have reached a new equilibrium or steady

state. Each succeeding pulse continues to tip the

steady-state value of Mz by 308. The signal intensity for

each succeeding pulse is given by Mzsin 308.

The position of the steady-state equilibrium is deter-

mined by three factors: 1) the T1, 2) the tip angle, and

3) the time between pulses. On the one hand, for a given

T1 and time between pulses, if the tip angle is too large

then the steady-state value of Mz will be close to the or-

igin, affording only a small signal. On the other hand, if

the tip angle is too small, e.g., 58, then the steady-state

value will be large, but with a small angle the value of

Mzsin 58 will also be small, again affording a small signal.

The optimum angle is frequently called the Ernst Angle,

which is given by:

cos aopt = exp(–PR/T1) [21]

aopt = arc cos [exp(–PR/T1) [22]

where PR is the time between pulses, or pulse-repetition

time. This time is the sum of the acquisition time used to

collect the FID plus any relaxation delay used. This angle

provides a reasonably large steady-state value combined

with a reasonably large angle and will produce the best

S/N ratio per unit time.

RELAXATION DELAY

Surprisingly, the optimum S/N ratio per unit time is ob-

tained when no relaxation delay is used. This sets PR

equal to AT, the acquisition time. Then AT is substituted

for PR in the calculation of the Ernst Angle.

For typical quantitation experiments a relaxation delay

is used and should be at least 5 times the longest T1 ex-

pected for the nuclei in the molecule. In addition, the

pulse width should be set to 908. Further details are pro-

vided in the section Quantitative Application.

RESOLUTION

Many scientific definitions of resolution are available,

but in NMR spectroscopy the typical definition is the abil-

ity to distinguish between two closely spaced resonance

lines in a spectrum. The industry standard for measuring

resolution is to measure the width of a single line, in units

of Hz, at the half-height of the line.

The Uncertainty Principle determines the best resolu-

tion that can be achieved in an NMR spectrum. That re-

solution is equal to the reciprocal of the AT of the FID.

D� = 1/Dt = 1/AT [23]

where D� is the minimum separation that can be ob-

served between two frequencies. Note that AT in this

equation is the time that signal is being collected. The

time set by the spectrometer operator is sometimes lon-

Pharmacopeial Forum
Vol. 36(2) [Mar.–Apr. 2010] IN-PROCESS REVISION 551

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



ger than the signal actually exists, which results in the

collection of only noise after the signal has decayed to

near zero. Collecting this noise does not improve the re-

solution.

POSTACQUISITION DATA PROCESSING

The final appearance of the spectrum can usually be

improved by applying a variety of mathematical proce-

dures to the FID before the FT is performed. The two

most common procedures are 1) multiplying the FID

by a mathematical function, generally known as a win-

dow function or 2) appending zeros to the end of the

FID, generally known as zero filling.

Window Functions

Two types are generally employed, one for increasing

the resolution and another for increasing the S/N ratio.

INCREASING THE RESOLUTION

The decay of the signal produces a line width in the

spectrum, and if this decay can be removed then the re-

sonance line will consist of a single point. The decay of

the signal can be represented by exp(– t/T2*). Hence

the full equation representing the decaying signal is

A(t) = A0 exp(– t/T2*) cos(ot + �) [24]

If the FID is multiplied by an increasing function that

exactly cancels the decay, then the line width will be re-

moved. This can be achieved by multiplying the FID by

exp(t/T2*). Then Eq. 24 becomes

A(t) = A0 exp(0) 6 cos(ot + �) = A0 cos(ot + �) [25]

Unfortunately, the application of this function as de-

scribed above will also disproportionately increase the

noise power at the tail of the FID. The S/N ratio in the

final spectrum is so poor that this function is not used

without modifications. Typically, the beginning of the

FID, where the S/N ratio is better, is multiplied up but

then multiplied down again where the S/N ratio is poorer

at the tail. Two commonly employed functions that ac-

complish this are the Gaussian Function and the TRAF

(transform of reversed-added FIDs) Function for Resolu-

tion. The latter is sometimes given the name TRAFR by

instrument manufacturers. It affords the same resolution

enhancement as the Gaussian Function but with much

less degradation in overall S/N ratio.

INCREASING THE S/N RATIO

The overall S/N ratio in the spectrum can be increased

by weighting the points at the beginning of the FID more

highly than at the tail. This is because the S/N ratio is the

highest in the beginning and the lowest at the tail. The

weighting is often accomplished by multiplying the raw

FID by a function that decreases with time. A popular

function that gives the greatest increase in the S/N ratio

is called the matched filter. It weights each point in the FID

by an amount proportional to the S/N ratio at that point.

A function that accomplishes this must match the decay.

Hence, the FID is multiplied by exp(– t/T2*).

The penalty for the use of the matched filter is a loss of

resolution that equals a doubling of the line width. When

the original decay is multiplied by the matched filter,

then the new decay is given by the following:

exp(– t/T2*) 6 exp(– t/T2*) =

exp(– 2t/T2*) = exp(– t/0.5T2*) [26]
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The FID then appears to have decayed with a T2* equal

to one-half of the original, and according to Eq. 26 the

line width will double. Multiplying the FID by a steeper

decay in an attempt to weight the beginning points even

more results only in less of an increase in S/N ratio and a

greater increase in line width.

Another function that accomplishes the same increase

in S/N ratio, but without any change in resolution, is the

TRAF Function for Sensitivity, which is sometimes given

the name TRAFS by instrument manufacturers.

Zero Filling

Spectroscopists can improve the overall appearance of

the spectrum considerably by appending zeros to the

end of the FID before the FT is performed. This process

results in placing more points on every resonance line

in the spectrum. The most common procedure is to ap-

pend a number of zeros equal to the number used to col-

lect the FID. This gives the greatest improvement in the

appearance. Adding more zeros will increase the appear-

ance even further but with only a very slight improve-

ment.

Although all of the lines are better defined with zero

filling, the resolution is not increased. For example, in a

case where the separation between two lines is closer

than the line widths, only a single broadened line will re-

sult. Zero filling will never resolve these lines—it will only

place more points on an already broadened line. Only an

increase in the acquisition time of the signal or the use of

a window function could resolve the lines.

Zero filling has a beneficial affect on quantitation. Inte-

gration of a digital spectrum is accomplished by taking

the intensity at a given point and adding to it the inten-

sity at successive points. If the number of data points is

insufficient to depict the actual lineshape, the resultant

integral of that line will not be accurately determined.

Therefore, zero filling until each peak is represented by

at least 7 to 10 data points results in a more accurate in-

tegration.

GENERAL PROCEDURE FOR STRUCTURE

IDENTIFICATION

NMR spectroscopy is a powerful technique for struc-

ture identification because of its specificity of detecting

certain nuclei such as 1H, 13C, 31P, and 19F. Typically, a rou-

tine identification test can be performed by 1H NMR

spectroscopy in a short period of time for simple mole-

cules. The basis for identification is provided by a com-

parison of the specified signals from the test sample

with the expected signals from a qualified reference stan-

dard. A positive identification can be concluded when

the chemical shifts, multiplicities, and coupling constants

of the spectrum of the test sample match those of the

reference standard or, in the case of a USP monograph,

the values listed in the monograph.

Data may be made unacceptable for analysis if incor-

rect sample preparation or poor adjustment of spectrom-

eter parameters leads to poor resolution, decreased

sensitivity, and spectral artifacts. It is preferable that the

operator be familiar with the basic theory of NMR and

operation of the spectrometer. Frequent checks of instru-

ment performance are essential.

The procedures discussed here refer specifically to 1H

and 13C NMR, but they are applicable, with modification,

to other nuclei. The discussion assumes that the NMR

spectra are obtained from solutions in suitable solvents.

Selection of Solvent

Deuterated solvents are usually used to prepare solu-

tions for NMR analysis because they are readily available,

have greatly reduced signals from solvents in 1H spectra,

and have the added advantage of providing a lock signal.

Select a solvent that will not interfere with signals of the
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analyte. The most commonly used solvents for proton

and carbon NMR are listed in Table 5 along with their re-

sidual 1H and 13C chemical shifts as well as the multiplic-

ities of these resonances caused by coupling to

deuterium. If a residual 1H solvent peak might interfere

with any signals from the sample solution and another

solvent is not possible, then the 2H isotopic purity of

the solvent should be as high as possible. Some solvents

(e.g., D2O or CD3OD) have labile protons that can enter

into fast exchange reactions with the labile protons in the

analyte. This may eliminate resonance signals from –

COOH, –OH, and –NH2 structural groups.

Table 5. Solvents Commonly Used for Proton NMR and
13C Shifts

Solvent

Residual 1H/13C Signal (da)

and Multiplicity

1H 13C

CDCl3 7.27 77.23 (3)

CD3OD 3.35, 4.8 49.15 (7)

(CD3)2CO 2.05 206.68 (13)

29.92 (7)

D2O 4.7b 4.80

Dimethyl sulfox-

ide-d6

2.50 39.51 (7)

C6D6 7.20 128.39 (3)

p-Dioxane-d8 3.55 66.66 (5)

CD3CO2D 2.05, 8.5b 178.99 (1)

20.0 (7)

N,N-Dimethyl-

formamide-d7

2.77, 2.93, 8.05 163.15 (3)

34.89 (7)

29.76 (7)

a d in ppm relative to TMS at 0 ppm.
b Labile hydrogen.

Sample Preparation

For USP procedures, directions are usually given in in-

dividual monographs. The solute concentration depends

on the objective of the experiment. Detection of minor

contaminants may require higher concentrations. Typi-

cally, NMR sample solutions are prepared so that they

contain from a few to 50 mg/mL. In some cases such

as polymers, even higher concentrations can be used.

The solutions are prepared in separate vials and are trans-

ferred to the NMR tube. The volume required depends

on the size of the NMR tube and on the geometry of

the probe. The level of the solution in the tube must be

high enough to extend beyond the coils when the tube is

inserted in the instrument probe.

The NMR tubes must meet narrow tolerance specifica-

tions in diameter, wall thickness, concentricity, and cam-

ber. The most widely used tubes have a 5- or 10-mm

(OD) and a length between 15 and 20 cm, but 1- and

3-mm (OD) NMR tubes are becoming more common,

and tubes as large as 20 mm (OD) have been used.

Procedure

The NMR tube is placed in a probe located in the mag-

netic field. Although samples traditionally have been

spun to average the nonradial field gradients, the quality

of the shim coils no longer makes spinning a require-

ment, and, in the case of many 2-D experiments, the

sample should not be spun. The magnetic field’s homo-

geneity is optimized by shimming, a function that is

largely being taken over by the computer in most mod-

ern spectrometers. Probe tuning is optimized for the fre-

quency being observed and is matched to the

impedance of the spectrometer.

The computer serves to control all operations of the

spectrometer from running the pulse program to storing

and processing the data. The experimental setup in-
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volves selecting values for a large number of variables, in-

cluding the spectral width to be examined, the duration

of the excitation pulse (PW), the time interval over which

data will be acquired (AT), the number of transients to be

accumulated, and the delay between one acquisition

and the next (relaxation delay). The acquisition time for

one transient is on the order of seconds. The number of

transients is a function of the specimen concentration,

the type of nucleus, and the objective of the experiment

and can vary from a few for most 1H experiments to sev-

eral thousand for 13C spectra. At the end of the experi-

ment, the signal (FID) is stored in digitized form in the

computer memory and may be displayed on the moni-

tor. The signal can be processed mathematically to en-

hance either the resolution or the sensitivity, and it can

be Fourier-transformed into a frequency-domain spec-

trum, which can be further analyzed to obtain peak po-

sitions (chemical shifts) and intensities.

Structure Elucidation by NMR

The simplest case of using NMR spectroscopy to eluci-

date an unknown structure is to search for a match with a

spectrum from a reference standard or from a database.

The informational content of an NMR spectrum is suffi-

cient for deducing structures of organic molecules even

when qualified reference standards or spectra are not

available. Relatively simple structures can be identified

using chemical shifts, coupling patterns, and intensities

obtained from one-dimensional (1-D) 1H and 13C spectra.

For more complex structures, spectroscopists may have

to obtain 2-D spectra from experiments that have been

developed to determine homo- or heteronuclear con-

nectivities.

Two-dimensional spectra are characterized by two fre-

quency axes. The intensity, which is mathematically an-

other dimension, is not considered to be a dimension in

2-D NMR because it is not a spreading axis. All modern 2-

D experiments consist of at least two pulses separated by

a time period, labeled t1, the evolution period, and a pe-

riod of time used for collecting the signals, labeled t2, the

detection period. A COrrelated SpectroscopY (COSY) se-

quence is the simplest of all and is shown in Figure 4.

A series of such sequences is performed using an incre-

mental increase in the evolution period. Different spectra

are obtained from the FTs of the FIDs produced during

the detection periods. The spectra are stacked, and the

separation between them is the evolution period, t1. A

second FT is performed along this new axis, resulting in

a plot of amplitude vs two frequency axes, F1 and F2.

Figure 4. Pulse sequence for a COSY experiment.
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The next simplest addition to the COSY sequence is an-

other pulse. The Nuclear Overhauser Effect SpectroscopY

(NOESY) sequence is an example and is shown in Figure

5.

The evolution period is again the time between the first

two pulses and is incremented as in the COSY experi-

ment. The time between the second and third pulses is

fixed and is not incremented. This period of time is la-

beled �m and is called the mixing time. Cross-polarization

occurs during this period.

The COSY and NOESY sequences described above are

the two simplest 2-D experiments to perform. Many oth-

er experiments have been developed and contain very

complicated series of pulses with different pulse widths,

time delays, gated decoupling, and pulsed field gradi-

ents. Some of these experiments are described below.

STRATEGIES FOR ESTABLISHMENT OF HOMONUCLEAR

CONNECTIVITIES

Assigning signals based on chemical shifts, spin multi-

plicity, and coupling constants serves as a starting point

for structural elucidation. Structure elucidation is simpli-

fied if one can establish molecular connectivity between

homonuclear spins. This can be done using correlations

via bonds (scalar coupling, sometimes referred to as J

coupling) or via spatial (dipolar coupling) interactions.

This section describes NMR techniques that can be used

for the study of homonuclear connectivity. Popular ex-

periments in this category are COSY, TOtal Correlated

SpectroscopY (TOCSY), NOESY, and Rotating Frame

Overhauser Effect SpectroscopY (ROESY).

COSY—COSY has become a routine 2-D 1H NMR ex-

periment that can quickly provide the proton–proton

connectivity for spin systems connected by two or three

chemical bonds. In a COSY spectrum, the contour plot

typically shows diagonal and off-diagonal cross-peaks.

The diagonal peaks correspond to the places in 2-D

space where chemical shifts of the same nucleus in the

1-D 1H NMR spectrum intersect. The off-diagonal cross-

peaks occur in 2-D space where the chemical shift of one

nucleus intersects the chemical shift of a different nucleus

to which it is coupled. The COSY spectrum enables the

identification of scalar-coupled spins that are in geminal

or vicinal positions. Generally, one starts the assignment

process by selecting a resonance in the COSY spectrum

that has already been identified in the 1-D 1H NMR spec-

trum. Then, the off-diagonal peaks between this reso-

nance and any others determine the resonances of the

neighboring protons to which it is coupled. The neigh-

boring protons identified in this way then serve as the

next points to examine for cross-peaks to other protons,

and so forth. The process continues until all coupled spin

systems are identified.

Figure 5. Pulse sequence for a NOESY experiment.

Pharmacopeial Forum
556 IN-PROCESS REVISION Vol. 36(2) [Mar.–Apr. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



Thus, a COSY experiment can provide useful informa-

tion about proton–proton connectivity for various frag-

ments of the molecules under examination. The

relationship between these fragments may be difficult

to establish because of an interruption of the coupling

between the two fragments. For instance, if two seg-

ments are connected through quaternary carbons or

heteronuclei, the very small four-bond coupling between

two protons on the two separate fragments usually can-

not be detected by COSY. Basic COSY experiments are

processed using magnitude mode, which results in broad

bases to the peaks. The diagonal peaks may be so broad

that spin systems with close chemical shifts may not be

observable because the broadness of the diagonal peaks

will cause them to overlap the off-diagonal peaks. An ex-

ample of a COSY experiment, specifically a gradient, or

gCOSY, is shown in Figure 6.

A variety of COSY experiments have been devised to

improve upon the original experiment. Perhaps the most

important change has been to use gradients to acquire a

gCOSY spectrum. The classic COSY experiment employs

a 908 pulse to generate transverse magnetization. The

classic COSY experiment relies on elaborate phase cy-

cling to cancel unwanted signals over many scans, result-

ing in long experiment times. In a gCOSY experiment,

which requires a probe capable of a pulsed field gradient

(PFG), a magnetic field gradient pulse dephases the mag-

netization along the z axis. If a second gradient pulse of

the proper strength is applied in the opposite direction, it

will cause any dephased double-quantum magnetization

to refocus. Hence, only those signals will be received. The

strengths of the gradients can be used to select single-,

double- or triple-quantum coherences.

Figure 6. A gCOSY spectrum of sucrose.
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The gradient pulses in a gCOSY experiment can be

used to prevent the refocusing of magnetizations that

cause the artifacts in the classic COSY experiment.

Hence, instead of requiring a minimum of 8 phase-cycled

acquisitions for each data increment in the second di-

mension, a gCOSY spectrum requires only a single acqui-

sition per increment. For samples that are sufficiently

concentrated to produce an acceptable S/N in only

one acquisition, this shortens the experimental time.

Phase-sensitive COSY experiments have been devel-

oped to overcome the problem of overlap with closely

spaced chemical shifts. A phase-sensitive COSY results

in pure absorptive peaks with narrower peaks than are

generated by the classic-magnitude COSY. These nar-

rower peaks allow better resolution of resonances that

are close to diagonal peaks.

Double-quantum filtered COSY (DQF-COSY) was de-

veloped to overcome the problem caused by intense sig-

nals from functional groups such as methyls. The singlets

from these groups do not provide useful connectivity in-

formation, but their intensity often limits the dynamic

range of the experiment, making it difficult to observe

other weaker signals. The pulse sequences of DQF-COSY

detect the spin systems that have only double-quantum

transitions. Isolated singlets are not selected and thus are

filtered out of the final 2-D spectrum. In addition, a re-

duction in the overall intensity of the diagonal signals is

achieved with an increase in the intensities of off-diago-

nal signals.

TOCSY (or HOHAHA—HOmonuclear HArtmann

HAhn)—The 1H–1H TOCSY experiment is closely related

to COSY but differs because it yields correlations for every

spin in a coupled network. This is especially useful when

multiplets overlap or there is extensive strong coupling.

For example, consider the network –CHa–CHb–CHc–

CHd–CHe–, where each CHn stands for a spin that is cou-

pled through 3 bonds to the adjacent spin. A COSY spec-

trum would show correlations for each adjacent pair of

hydrogens. On the one hand, the Hb resonance would

show connectivities to Ha and Hc but not to Hd. A partial

correlation is revealed for each CHn. On the other hand,

a TOCSY spectrum would show all off-diagonal contours

for every spin in this network. That is, for every peak in

this coupling network there would be off-diagonal con-

tours corresponding to CHa, CHb, CHc, CHd, and CHe.

Thus, a TOCSY spectrum affirmatively identifies all of the

spins within the same coupling network. This pattern is

easily recognized, especially when there is extensive

overlap with other coupled networks. However, a TOCSY

experiment cannot establish connectivity between se-

parate networks that are interrupted by heteronuclear at-

oms, quaternary carbons, or a carbon bearing only

exchangeable protons. A TOCSY experiment is useful

for the study of large molecules with many separated

coupling networks such as peptides, proteins, oligosac-

charides, and polysaccharides.
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Figure 7. Partial TOCSY spectrum of sucrose.

NOESY—The NOESY experiment gives correlations be-

tween protons that are close to each other in space even

though they may not be connected by bonds. These

through-space correlations are made via spin-lattice re-

laxation. Dipole interactions between protons close in

space generate NOE transfers, and the magnetization is

aligned along the z axis (B0), producing positive or nega-

tive intensity changes that yield cross-peaks that are not

normally observable in a COSY spectrum. The sign of the

NOESY peaks depends on the size and mobility of the

molecule under study. Used in combination with other

techniques, a NOESY experiment can establish spatial re-

lations for particular spins and can provide critical infor-

mation about ring structures and conformations. It is

especially useful for determining the macroscopic struc-

tures of proteins.

1H–1H ROESY—The ROESY experiment is similar to a

NOESY experiment insofar as it also provides correlations

between protons that are close to each other in space,

whether or not they are connected via bonds. A ROESY

spectrum yields through-space correlations via spin-spin

relaxation in the rotating frame. The ROESY experiment

utilizes a spin–lock sequence as a mixing time during

which NOE transfer occurs among all components of

the spins locked in the xy plane. In contrast to a NOESY

experiment, in which NOE transfer occurs while magne-

tizations are aligned along the z axis (B0) producing pos-

it ive or negative intensity changes, the ROESY

experiment depends on NOE transfers occurring in the

rotating frame under the influence of a B1 magnetic field.

This always results in positive signals no matter how large

the molecule or whether its motion is fast or slow. There-

fore, a ROESY experiment frequently will provide

through-space correlations when a NOESY experiment

cannot because of molecule mobility.

Incredible Natural Abundance DoublE QUAn-

tum Transfer Experiment (INADEQUATE)—The IN-

ADEQUATE experiment employs a double quantum

coherence to provide information about 13C nuclei di-

rectly coupled to other 13C nuclei. Thus it provides the

same sort of information that is available using a COSY

experiment for proton couplings. Because of the low pro-

bability of two 13C nuclei being attached to each other

(only 1 in 10,000 molecules), this technique is usually

one of last resort. The ever-increasing sensitivity of cryo-

probes in modern instrumentation makes this experi-

ment practical in some cases.

STRATEGIES FOR ESTABLISHMENT OF HETERONUCLEAR

CONNECTIVITIES

Although homonuclear 1H–1H connectivity is one im-

portant aspect of structure elucidation of organic mole-

cules, the establishment of heteronuclear connectivities
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is equally important. If one has partial assignments in ei-

ther the 1H or 13C spectrum, the knowledge of this con-

nectivity leads to a much fuller assignment of both

spectra. Heteronuclear 2-D spectra do not exhibit a diag-

onal as is seen in homonuclear correlations. Rather, cross-

peaks occur at the point of intersection of the 1H and 13C

chemical shifts in the 2-D space as shown in Figure 8.

Heteronuclear 2-D spectra are usually acquired using

inverse-detection probes. That is, unlike normal broad-

band probes, in inverse detection probes the 1H coil is

wound closer to the sample than the broadband coil.

This results in a better filling factor and a greater sensitiv-

ity for the 1H coil, and the heteronuclear 2-D pulse se-

quences are designed so that 1H is the detected

nucleus. Typical heteronuclear 2-D experiments include

HSQC (Heteronuclear Single Quantum Coherence),

HMQC (Heteronuclear Multiple Quantum Coherence)

and HMBC (Heteronuclear Multiple Bond Correlation)

experiments.

HMQC—The 2-D HMQC experiment provides informa-

tion about correlation between protons and their at-

tached heteronuclei via the heteronuclear scalar

coupling. The sequence selects double quantum coher-

ence transfer between scalar-coupled spins (13C–1H).

HSQC—HSQC spectroscopy is also an inverse chemical

shift correlation experiment that yields the same informa-

tion as HMQC, i.e., the identification of directly bonded

hydrogen–carbon interactions. The correlation between

heteronuclei is detected via the selection of single quan-

tum coherence transfer using the INEPT (Insensitive Nu-

clear Enhancement by Polarization Transfer) sequences.

The main advantage of using this sequence instead of

the HMQC sequence is that the F1 domain does not con-

tain any proton–proton couplings. Hence, the resolution

is improved.

Figure 8. HMQC spectrum of sucrose.
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An interesting modification of this sequence is an edit-

ed HSQC experiment. This is a phase-sensitive experi-

ment that not only gives one-bond correlations

between hydrogen and carbon but also gives methyl

and methine correlation peaks that are 1808 out of phase

with methylene resonances.

HMBC—HMBC spectroscopy is a modified version of

HSQC and is suitable for determining long-range (4 1-

bond) 1H–13C connectivity. Long-range heteronuclear

correlation spectroscopy can yield signals for those nuclei

that are separated by 2–4 bonds. This experiment, in

conjunction with the other 2-D experiments discussed

above, allows one to define the structure of a molecule

in great detail.

QUANTITATIVE APPLICATIONS

NMR is one of the most useful techniques for quantita-

tive analysis in chemistry. If appropriate experimental

conditions are chosen, the relative intensities of resonan-

ces are proportional to the population of the nuclei pre-

sent in the sample. NMR experiments can be designed

for relative or absolute quantitation, either with an inter-

nal standard or without one.

Experimental Design for Quantitative NMR

Design for quantitation involves the elimination or pre-

cise measurement of differences in intensities due to

spin-lattice relaxation and NOE. The spin-lattice relaxa-

tion time (T1) for all resonances used in the procedure

can be measured with an inversion recovery pulse se-

quence. If a 908 pulse is used for excitation, quantitation

at the level of 99.3% may be achieved with a recycle time

of 5 6 T1. The general equation for quantitation of a re-

sonance as a function of pulse angle, a, recycle time (the

sum of the relaxation delay and acquisition time) Tr, and

T1 is given by:

If a 458 excitation pulse is used, Q = 0.998 at Tr = 5T1.

However, the accuracy of quantitation in the final spec-

trum depends not only on the Q values of the resonances

but also on the accuracy of the integration method and

on the S/N ratio in the spectrum. Hence, Q values some-

what less than unity may be warranted. In such cases,

other angles and recycle times should be used.

The minimization of systematic quantitation bias

should be sufficient for the intended use of the proce-

dure. Alternatively, quantitative procedures may be de-

veloped using conditions for which Q is not unity for

some or all resonances, provided the value of Q is pre-

cisely known and corrected for.

For quantitative methods using heteronuclei, the pos-

sibility of differential NOEs should be avoided by using a

Tr no less than 5 times the longest T1 value and by using

inverse gated decoupling. Preferably, 908 pulses should

be used. For quantitative methods, relaxation agents

are often used for shortening the T1 values of heteronu-

clei.

The reproducibility of an NMR method depends on a

variety of acquisition and processing parameters, all of

which should be described in the procedure. These in-

clude pulse angle, temperature, acquisition time, relaxa-

tion delay, spectral width, number of points in the FID,

number of acquisitions, number of points used (if any)

for zero filling, linebroadening, baseline correction, and

integral breaks. For best reproducibility, integral breaks

for 1H NMR methods should be specified to 0.01 ppm

and to 0.1 ppm for 13C methods.
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Quantitative analysis, as well as detection of trace im-

purities, has markedly improved with modern instrumen-

tation. Stronger magnetic fields and improved probe

technology have enhanced the sensitivity of NMR proce-

dures in recent years.

SOLID-STATE NMR

The analytical usefulness of solid-state NMR spectros-

copy for studying solid materials lies in the fact that the

same types of nuclei in different solid-state environments

exhibit different resonance frequencies. Applications of

this technique in pharmaceutical analysis range from sol-

id form (polymorph, solvate) identification and quantita-

tion in bulk drug substances to physical/chemical

profiling of dosage forms. The technique has the unique

ability to probe electronic environments of specific nuclei

in the solid state over a large timescale without the re-

quirement of single-crystal substrates or even homoge-

neous samples. Methods and procedures presented

herein are directed at observing 13C, the most popular

NMR nucleus for solids. The concepts may be equally ap-

plied to other relevant spin-1/2 nuclei such as low-natu-

ral-abundance 15N as well as high-natural-abundance 31P.

Cross-Polarization Magic Angle Spinning (CP-

MAS) NMR Technique

The basic principles of NMR are the same for solution

and solid-state measurements, but conventional solu-

tion-phase 1-D NMR data acquisition techniques do

not normally produce detectable spectra for solid sam-

ples because of low sensitivity and extensive line broad-

ening. The sensitivity of the solid-state experiment is low

for 13C based on its 1.1% natural abundance and long

spin-lattice (T1) relaxation times. Line broadening arises

primarily from dipole–dipole interactions and chemical

shift anisotropy (CSA), which are not averaged to zero

because of the fixed orientation of molecules in a packed

solid sample vs the rapid molecular tumbling of the mol-

ecules when they are in solution. If not averaged, CSA re-

sults in the simultaneous observation of all different

orientations of molecules with respect to the applied

magnetic field. CSA patterns may span the width of an

entire liquid spectrum. Three modifications to standard

solution methods—cross-polarization (CP), magic angle

spinning (MAS), and high-power 1H decoupling—are

routinely employed in combination to obtain high-reso-

lution solid-state NMR spectra.

CROSS-POLARIZATION (CP)

CP addresses the low sensitivity associated with collect-

ing NMR spectra of dilute spin-1/2 nuclei such as 13C. CP

is a double-resonance procedure wherein abundant 1H

and rare 13C spins are brought into resonance by simul-

taneously applying two spin–locking rf fields (B1H and

B1C), the magnitude of which will satisfy the Hartmann–

Hahn matching condition,

gHB1H = gCB1C [28]

During this contact time, polarization transfer occurs

allowing the rare 13C spins to take on the magnetization

and relaxation behavior of the abundant 1H spins, lead-

ing to a sensitivity enhancement (up to 4-fold based on

the ratio of the 1H and 13C magnetogyric ratios) and a re-

duction in the pulse repetition time. Reducing the pulse

repetition time allows a greater number of scans to be

accumulated per unit time, which yields a better S/N ra-

tio. In instances where it may be difficult or impossible to

record CP spectra because of weak 13C–1H coupling or

short spin-lattice relaxation times in the rotating frame

(T1rH), direct polarization (Bloch decay) may be the only

approach to recording solid-state NMR spectra.
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MAGIC ANGLE SPINNING (MAS)

Line broadening in solid-state NMR is eliminated or av-

eraged by both MAS and high-power 1H decoupling.

MAS involves mechanically rotating the sample at an an-

gle of 54.78 (the magic angle) relative to the static mag-

netic field in order to simulate rapid molecular tumbling

in solution. Rotating a solid sample at the magic angle to

minimize line broadening requires that the sample be

spun faster (in Hz) than the width of the CSA. High spin-

ning rates are possible with current MAS probe technol-

ogy, but complications can arise with CP and may require

techniques such as ramped-amplitude CP (RAMP-CP)

and variable-amplitude CP (VACP) to improve the effi-

ciency of magnetization transfer from 1H. Additionally,

MAS can raise the sample temperature significantly if it

is not controlled, and pressures at the periphery of the

rotor may be thousands of times the ambient pressure.

These stresses may induce phase transformations, loss

of solvent, and other effects.

SIDEBAND SUPPRESSION

Slower spinning rates can be used to avoid compromis-

ing the solid sample, but when CSA is incompletely aver-

aged, spinning sidebands will appear in solid-state NMR

spectra. These artifacts are separated from the center-

bands by integer multiples of the spinning rate (in Hz)

and can be readily identified as the peaks that shift in

spectra acquired at different spinning speeds. Spinning

sideband manifolds themselves contain useful informa-

tion but can interfere with the signals of interest and

may be particularly problematic when one uses higher

field instruments. The Total Suppression of Spinning

Sidebands (TOSS) procedure is commonly used to elim-

inate spinning sidebands from solid-state NMR spectra.

Figure 9. 13C CP/MAS NMR spectra of polycrystalline a-glycine collected at different sample spinning (MAS) rates.

Spinning sidebands appear in solid-state NMR spectra when the sample spinning frequency is less than the width of

the CSA pattern.
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HIGH-POWER 1H DECOUPLING

High-power 1H decoupling is used to further reduce

the line broadening from dipolar coupling to 1H spins

in the solid state. Specialized hardware is required to de-

liver the rf power needed for 1H decoupling in solids, an

rf power that is two orders of magnitude greater than

that required to remove J coupling in liquids. CW decou-

pling is commonly employed in solid-state NMR, al-

though Two-Pulse Phase-Modulated and SPINAL-64

(Small Phase Incremental ALteration ) decoupling are in-

creasingly used to improve the sensitivity and resolution

of dilute spin spectra.

Typically only 1H–13C heteronuclear dipolar interac-

tions are significant when one acquires solid-state 13C

NMR spectra of organic materials. Homonuclear 13C–

13C dipole–dipole and J-coupling interactions are negligi-

ble because, in view of their low natural abundance, the

probability that two 13C nuclei are in close proximity is

very small. Homonuclear 13C–13C dipolar coupling can

be a concern for 13C-labeled substrates, however.

EXPERIMENTAL SETUP

The basic setup for a CPMAS experiment will necessar-

ily include magic angle setting, shimming, pulse calibra-

t ion, Hartmann–Hahn matching, and spectra l

referencing, each of which is typically conducted on

standard samples. Accurate measurement of the pulse

lengths and associated rf power levels is essential for sol-

id-state NMR experiments. Setting up the magic angle,

shimming a CPMAS probe, and measuring its sensitivity

for different tuning ranges are parts of probe setup and

performance assessment. Shimming a solid-state NMR

probe for MAS is more complicated than that for a solu-

tion probe because shim gradients are designed for the

vertical orientation of solution NMR tubes. Solid-state

NMR probes have no 2H lock channel, so shimming must

be performed manually. Because of the intrinsically

broad lines, shimming is not nearly as critical in solid-

state NMR as it is in solution NMR.

Standard compounds used for setting the magic angle

and optimizing pulse lengths and the associated rf power

levels for CP are listed in Table 6. KBr is commonly used

for magic angle adjustments, observing the 79Br reso-

nance and adjusting the sample spinning angle to max-

imize (to 10 ms and beyond) the duration of the

rotational echo train in the FID. Liquid samples can be

used to shim solid-state NMR probes, although solid ad-

amantane is commonly used for this purpose. Adaman-

tane, glycine, and hexamethylbenzene (HMB) are

commonly used for Hartmann–Hahn matching and test-

ing sensitivity. Typically, the reference sample for testing

sensitivity is permanently packed into a rotor to ensure

that the same amount of sample is used.

Table 6. Standard Samples Commonly Used for Setting Up CPMAS Experiments

Setup Procedure Nucleus Standard Sample(s)

Setting the Magic Angle 79Br KBr

Shimming 13C adamantane

Pulse Calibration 1H, 13C adamantane, HMB

Hartmann-Hahn matching 1H/13C adamantane, HMB

Sensitivity 13C HMB, adamantane, a-glycine

Pharmacopeial Forum
564 IN-PROCESS REVISION Vol. 36(2) [Mar.–Apr. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



Solid-state NMR spectrometers are generally used

without field/frequency locking, so the resulting chemi-

cal shifts are less accurate than those for solutions. Cali-

bration of the chemical shift can be done using either a

primary or secondary standard. Spectral referencing is

typically performed by sample replacement (external re-

ferencing). Standard compounds commonly used for

spectral referencing in solid-state NMR are listed in Table

7. Note that glycine is polymorphic, so its crystal form

should be ensured before its use in referencing spectra.

General Test Procedure

Spectrometer performance should be demonstrated

first for a reference sample as described in the Experimen-

tal Setup subsection. The magic angle, pulse lengths, and

associated rf power levels for CP that are established us-

ing the reference compounds are sample independent.

To obtain a CP spectrum of the specimen, once the

probe is correctly tuned, generally only the recycle delay

needs to be chosen, followed by the contact time. When

quantitative signal intensities are not required, an opti-

mum recycle delay, i.e., one that affords the best S/N ra-

tio, is 1.2T1H and the contact time is generally that which

provides the optimum S/N ratio or best shows the fea-

tures of most interest. For quantitative CP, a recycle delay

of at least 5 times the longest T1H of a heterogeneous

mixture is suggested to ensure full relaxation, and a full

analysis of the CP signal as a function of contact time

must be conducted. See the section Quantitative Analysis.

SAMPLE PREPARATION

Sample-handling procedures used in solid-state NMR

are substantially different from those used in liquid

NMR. Solid samples are packed in ceramic rotors that

are capped with fluted drive tips specifically designed

for MAS. Fine powders are typically tamped into MAS ro-

tors, although solid plugs, e.g., whole tablets, can be cut

to fit the exact inner dimensions of the rotor and can be

inserted directly into the rotor. Crushing or grinding may

be used to reduce the specimen to a fine powder, but use

caution in order not to induce phase transformations.

Table 7. Reference Compounds Commonly Used for Solid-State NMR

Nucleus Primary Standard Secondary Standard(s)

Chemical Shift in ppm

from Primary

Standard

13C TMS HMB

adamantane

a-glycine

17.35 (CH3)

38.48 (CH2)

176.45 (carboxyl)

15N nitromethane NH4
15NO3

15NH4Cl

a-glycine-15N

–5.1 (NO3)

–338.1

–349.5

31P 85% H3PO4 CaHPO4 �2H2O (brushite) 1.4

29Si TMS tetratrimethylsilylmethane –1.4

19F CF3Cl perfluorobenzene –166.4
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Depending on the compressibility of the powder and

the rotor volume, 40–400 mg of material is typically re-

quired to fill a sample rotor.

Physical Characterization

Specific components in heterogeneous systems can be

searched based on unique nuclei or different NMR relax-

ation properties. The identification of crystalline and

amorphous materials can be accomplished by compari-

son of the solid-state NMR spectrum of the sample prep-

aration with that of a reference standard. Chemical shifts

and relative peak intensities can be used in the compar-

ison. Amorphous materials generally give good MAS

spectra with broader lines than those seen for crystalline

materials. Highly crystalline samples typically give 13C

linewidths of the order of a few tens of Hz. The shape

of the signals generally is between Lorentzian and Gaus-

sian, a fact that should be recognized in deconvoluting

overlapped spectra.

Relaxation

Relaxation parameters of interest in solids include spin-

lattice relaxation (T1), spin-lattice relaxation in the rotat-

ing frame (T1r), spin-spin relaxation (T2), and cross-relax-

ation (TCP). In organic solids, 1H spin diffusion is generally

efficient so that pure compounds normally give single

values for each of the relaxation times, T1 and T1r. For

CP experiments, T1H is used to establish the recycle delay

between acquisitions. T1H relaxation times can be mea-

sured using either progressive saturation or inversion re-

covery pulse sequences. TCP and T1rH characterize the

magnetization build-up and decay, respectively, in CP ex-

periments. T1rH is measured via the 13C signal using a de-

layed contact CP pulse sequence that has a variable delay

time before the CP contact.

Quantitative Analysis

To assess quantitative solid-state NMR spectra under

CP conditions, spectroscopists must take extra measures.

In addition to ensuring that the sample spinning axis is

precisely set to the magic angle (54.78) to minimize

CSA broadening, they must control the temperature

and spin rate and ensure that the MAS probe is properly

tuned. Suggested recycle delays of 5T1H are allotted be-

tween successive pulses to ensure that the magnetization

has returned to its full equilibrium value. Both TCP and

T1rH relaxation must then be accounted for in the selec-

tion of the contact time. Typically, the CP contact time

chosen is that which provides maximum sensitivity for

the signals of interest. Quantitative analysis can be per-

formed using either internal or external referencing

methods. The use of internal standards can compensate

for variability in sample volume and B1 inhomogeneity

throughout the sample.

By properly setting data acquisition parameters (re-

cycle time, pulse widths, contact time, Hartmann–Hahn

match, and decoupling power for each chemical sys-

tem), spectroscopists can obtain signals that are propor-

tional to the number of nuclei producing them. Use

integrated signal intensities, rather than peak heights,

for quantitative analysis because linewidths in solid-state

spectra often vary. When spinning sidebands are not el-

iminated by MAS, the intensity of the spinning sideband

manifold must be added to the centerband intensity.

Spectral Editing

A key step in the analysis of any NMR spectrum is the

assignment of individual resonances to unique phases

and, in some cases, to specific atoms in the molecule.

Special pulse sequences are available and may assist in

simplifying CPMAS spectra and assigning signals. Dipolar

dephasing, also known as nonquaternary suppression or

interrupted decoupling, yields spectra that typically con-
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tain signals only from quaternary and methyl carbons.

Spectral subtraction of dipolar dephasing spectra from

normal CP spectra or short contact time CP may be used

to produce subspectra that contain signals from methy-

lene and methine carbons only. Polarization-inversion

techniques can be used to identify methylene and

methine carbons.

LOW-FIELD NMR

Low field NMR (LF-NMR), sometimes referred to as

time domain NMR (TD-NMR), experiments are per-

formed by measuring relaxation, relaxometry, or diffu-

sion. Instrumentation for these applications is based on

low-field permanent magnet technologies that operate

in the 2–25 MHz frequency range. Inexpensive stationary

bench-top and portable TD-NMR spectrometers are

commercially available. Typical bore sizes are 10–50

mm in diameter. A recent development in spectrometer

design uses a mobile mouse probe as an alternative to a

stationary magnet. This design allows analysis of samples

of unrestricted size.

Most TD-NMR applications are based on simple puls-

ing sequences, including FID, Hahn–echo, Carr–Purcell–

Meiboom–Gill, and solid–echo acquisition. The choice of

pulse sequence depends on the physical and chemical

properties of the sample as well as the information that

is desired from the experiment. These systems can be

used to measure longitudinal (spin-lattice, T1) and trans-

versal (spin-spin, T2) relaxation times. Diffusion proper-

ties of compounds can be exploited using pulsed field

gradient (PFG-NMR) experiments.

The classical application of relaxometry is for the deter-

mination of food product components based on differ-

ences in longitudinal and transverse relaxation times of

water, fats, and proteins.

The magnitude of a substance’s capacity to enhance

the relaxation rate of a nucleus is referred to as relaxivity,

expressed in units of sec–1mM–1. An example of such a

substance commonly used in NMR spectroscopy is para-

magnetic chromium acetylacetonate. Paramagnetic spe-

cies are used in the medical industry as contrasting

agents for magnetic resonance imaging. The relaxivity

of a substance is determined experimentally by measur-

ing the resonance frequency (T1) of a test article and plot-

ting 1/T1 against the test article concentration in units of

mM. The slope of the curve is the numerical relax-

ivity.&1S (USP34)

DIETARY SUPPLEMENT
CHAPTERS

BRIEFING

h2040iDisintegration and Dissolution of Dietary Sup-
plements, USP 32 page 782, page 4007 of the First Supple-
ment, the Revision Bulletin posted on USP’s website on May 1,
2009, page 984 of PF 35(4) [July–Aug. 2009], and page 1561
of PF 35(6) [Nov.–Dec. 2009]. Because in many cases, dietary
supplements formulated in soft gelatin capsules containing oils
can not meet current Dissolution requirements, additional disso-
lution conditions (Test 2) are proposed for Folic Acid and Index
Vitamins and Index Minerals. New proposed conditions are
based on validated procedures using USP Apparatus 3. It is pro-
posed that the current dissolution conditions be titled as Test 1.

(DS-PS: N. Davydova) RTS—C86378

Change to read:

DISINTEGRATION

This test is provided to determine whether dietary supple-
ment tablets or capsules disintegrate within the prescribed time
when placed in a liquid medium at the experimental conditions
presented below. Compliance with the limits on Disintegration
stated in the individual monographs for dietary supplements is
required except where the label states that the products are in-
tended for use as troches, are to be chewed, or are designed as
extended-release dosage forms. Dietary supplements claiming
to be extended-release dosage forms must comply with stan-
dards other than disintegration to verify that the release of
the dietary ingredients from the dosage form is for a defined
period of time. Dietary supplements claiming to be extended-
release dosage forms shall not be labeled as in compliance with
USP unless a USP monograph exists for such product. Deter-
mine the type of units under test from the labeling and from
observation, and apply the appropriate procedure to 6 or more
units.
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For purposes of this test, disintegration does not imply com-
plete solution of the unit or even of its active constituent. Com-
plete disintegration is defined as that state in which any residue
of the unit, except fragments of insoluble coating or capsule
shell, remaining on the screen of the test apparatus or adhering
to the lower surface of the disk, if used, is a soft mass having no
palpably firm core.

Apparatus

Apparatus A—Use the Apparatus described under Disinte-
gration h701i for tablets or capsules that are not greater than
18 mm long. For larger tablets or capsules, use Apparatus B.

Apparatus B—The apparatus1 consists of a basket-rack as-
sembly, a 1000-mL low-form beaker for the immersion fluid, a
thermostatic arrangement for heating the fluid between 358
and 398, and a device for raising and lowering the basket in
the immersion fluid at a constant frequency rate between 29
and 32 cycles per minute through a distance of not less than
53 mm and not more than 57 mm. The volume of the fluid
in the vessel is such that at the highest point of the upward
stroke the wire mesh remains at least 15 mm below the surface
of the fluid and descends to not less than 25 mm from the bot-
tom of the vessel on the downward stroke. At no time should
the top of the basket-rack assembly become submerged. The
time required for the upward stroke is equal to the time re-
quired for the downward stroke, and the change in stroke direc-
tion is a smooth transition rather than an abrupt reversal of

motion. The basket-rack assembly moves vertically along its ax-
is. There is no appreciable horizontal motion or movement of
the axis from the vertical.

Basket-Rack Assembly—The basket-rack assembly

&(Figure 1)&2S (USP33)

consists of three open-ended transparent tubes, each
77.5+ 2.5 mm long and having an inside diameter of 32.0
to 34.6 mm and a wall 2.0 to 3.0 mm thick; the tubes are held
in a vertical position by two plastic plates, each about

&

&2S (USP33)

97

&+ 2&2S (USP33)

mm in diameter and 7.5 to 10.5 mm in thickness, with three
holes, each about 33 to 34

&36.0 to 40.6&2S (USP33)

mm in diameter, equidistant from the center of the plate and
equally spaced from one another. Attached to the undersurface
of the lower plate is 10-mesh No. 23 (0.025-inch) W. and M.
gauge woven stainless-steel wire cloth having a plain square
weave. The parts of the apparatus are assembled and rigidly
held by means of three bolts passing through the two plastic
plates. A suitable means is provided to suspend the basket-rack
assembly from the raising and lowering device, using a point on
its axis.

The design of the basket-rack assembly may be varied some-
what, provided that the specifications for the glass tubes and
the screen mesh size are maintained.

1 An apparatus and disks meeting these specifications are available from
Varian Inc., 13000 Weston Parkway, Cary, NC 27513, or from laborato-
ry supply houses.
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&

Figure 1. Basket-rack assembly, Disintegration, Apparatus B (dimensions in mm).

Beaker—Low form, 1000 mL; the difference between

the diameter of the plastic plates, which hold the tubes

in a vertical position, and the inside diameter of the bea-

ker should not be more than 6 mm.2
&2S (USP33)

Disks—Each tube is provided with a perforated cylindrical
disk 15.3+0.15 mm thick and 31.4+0.13 mm in diameter.
The disk is made of a suitable, transparent plastic material hav-
ing a specific gravity of between 1.18 and 1.20. Seven
3.15+0.1-mm holes extend between the ends of the cylinder,
one of the holes being through the cylinder axis and the others
parallel with it and equally spaced on a 4.2+ 0.1-mm radius
from it. All surfaces of the disk are smooth.3

Procedure

Uncoated Tablets—Place 1 tablet in each of the tubes of
the basket and, if prescribed, add a disk to each tube. Operate
the apparatus, using water or the specified medium as the im-
mersion fluid, maintained at 37+28. At the end of 30 minutes,
lift the basket from the fluid, and observe the tablets: all of the
tablets disintegrate completely. If 1 or 2 tablets fail to disinte-
grate completely, repeat the test on 12 additional tablets. The
requirement is met if not fewer than 16 of the total of 18 tablets
tested disintegrate completely.

Plain Coated Tablets—Place 1 tablet in each of the tubes
of the basket and, if the tablet has a soluble external sugar coat-
ing, immerse the basket in water at room temperature for 5
minutes. Then, if prescribed, add a disk to each tube, and op-
erate the apparatus, using water or the specified medium as the
immersion fluid, maintained at 37+28. At the end of 30 min-
utes, lift the basket from the fluid, and observe the tablets: all of
the tablets disintegrate completely. If 1 or 2 tablets fail to disin-
tegrate completely, repeat the test on 12 additional tablets. The
requirement is met if not fewer than 16 of the total of 18 tablets
tested disintegrate completely.

&2 1000-mL low-form beakers, designed in compliance with
the current ASTM E 960 Type I or Type II or ISO 3819 specifica-
tions, are suitable.&2S (USP33)

3 The use of automatic detection employing modified disks is permitted
where the use of disks is specified or allowed. Such disks must comply
with the requirements for density and dimensions given in this chapter.
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using simulated gastric fluid TS maintained at 37+ 28 as the
immersion fluid. After 1 hour of operation in simulated gastric
fluid TS, lift the basket from the fluid, and observe the tablets:
the tablets show no evidence of disintegration, cracking, or
softening. Operate the apparatus, using simulated intestinal flu-
id TS, maintained at 37+28, as the immersion fluid for the time
specified in the monograph. Lift the basket from the fluid, and
observe the tablets: all of the tablets disintegrate completely. If
1 or 2 tablets fail to disintegrate completely, repeat the test on
12 additional tablets: not fewer than 16 of the total of 18 tab-
lets tested disintegrate completely.

&Delayed-Release (Enteric-Coated) Soft Shell

Capsules—Place 1 softgel capsule in each of the six

tubes of the basket. Use two baskets for a total of six

tubes for Apparatus B. Omit the use of a disk. Operate

the apparatus using simulated gastric fluid TS maintained

at 37+ 28 as the immersion fluid. After 1 hour of opera-

tion in simulated gastric fluid TS, lift the basket from the

fluid and observe the softgels: the softgels show no evi-

dence of disintegration or rupture permitting the escape

of the contents. Operate the apparatus with disks, using

simulated intestinal fluid TS, maintained at 37+ 28, as

the immersion fluid. Lift the basket from the fluid, and

observe the capsules. All the capsules disintegrate com-

pletely within 60 minutes. If 1 or 2 capsules fail to disin-

tegrate completely, repeat the test on 12 additional

capsules: not fewer than 16 of a total of 18 capsules

tested disintegrate completely.&2S (USP33)

Buccal Tablets—Apply the test for Uncoated Tablets. After 4
hours, lift the basket from the fluid, and observe the tablets: all
of the tablets disintegrate completely. If 1 or 2 tablets fail to dis-
integrate completely, repeat the test on 12 additional tablets:
not fewer than 16 of the total of 18 tablets tested disintegrate
completely.

Sublingual Tablets—Apply the test for Uncoated Tablets. At
the end of the time limit specified in the individual monograph,
all the tablets disintegrate completely. If 1 or 2 tablets fail to dis-
integrate completely, repeat the test on 12 additional tablets:
not fewer than 16 of the total of 18 tablets tested disintegrate
completely.

Hard Shell Capsules—Apply the test for Uncoated Tablets,
using as the immersion fluid, maintained at 37+28, a 0.05 M
acetate buffer prepared by mixing 2.99 g of sodium acetate tri-
hydrate and 1.66 mL of glacial acetic acid with water to obtain
a 1000-mL solution having a pH of 4.50+0.05. Attach a re-
movable wire cloth, as described under Basket-Rack Assembly,
to the surface of the upper plate of the basket-rack assembly.
At the end of 30 minutes, lift the basket from the fluid, and ob-
serve the capsules: all of the capsules disintegrate except for
fragments from the capsule shell. If 1 or 2 capsules fail to disin-
tegrate completely, repeat the test on 12 additional capsules:
not fewer than 16 of the total of 18 capsules tested disintegrate
completely.

Soft Shell Capsules—Proceed as directed under Rupture
Test for Soft Shell Capsules.

Use of Disks—
VITAMIN–MINERAL DOSAGE FORMS—Add a disk to each tube unless

otherwise specified in the individual monograph.
BOTANICAL DOSAGE FORMS—Omit the use of disks unless other-

wise specified in the individual monograph.
DIETARY SUPPLEMENTS OTHER THAN VITAMIN–MINERAL AND BOTANICAL

DOSAGE FORMS—Omit the use of disks unless otherwise specified
in the individual monograph.

NOTE—The use of disks for enteric-coated tablets is not per-
mitted.

Change to read:

DISSOLUTION

This test is provided to determine compliance with the Disso-
lution requirements where stated in the individual monograph
for dietary supplements, except where the label states that tab-
lets are to be chewed.

See Dissolution h711i for a description of the apparatus used,
the Apparatus Suitability Test, and other related information.

.Soft gelatin capsule preparations of dietary supplements
meet the requirements for Disintegration.

Official until May 1, 2010. (RB 1-May-2009)

&Figure 2 shows the schematic view of a flow-through cell

specifically intended for lipid-filled soft gelatin capsules.

It consists of three transparent parts that fit into each oth-

er (USP Apparatus 4). The lower part (1) is made up of

two adjacent chambers connected to an overflow de-

vice. The dissolution medium passes through chamber

A and is subjected to an upward flow. The flow in cham-

ber B is directed downward to a small-size bore exit that

leads upward to a filter assembly. The middle part (2) of

the cell has a cavity designed to collect lipophilic excipi-

ents that float on the dissolution medium. A metal grid

serves as a rough filter. The upper part (3) holds a filter

unit for paper, glass fiber, or cellulose filters.&2S (USP33)

Of the types of apparatus described in h711i, use the one spec-
ified in the individual monograph.

For hard or soft gelatin capsules and gelatin-coated tablets
that do not conform to the dissolution specification, repeat
the test as follows. Where water or a medium with a pH of less
than 6.8 is specified as the Medium in the individual mono-
graph, the same Medium specified may be used with the addi-
tion of purified pepsin that results in an activity of 750,000
Units or less per 1000 mL. For media with a pH of 6.8 or greater,
pancreatin can be added to produce not more than 1750 USP
Units of protease activity per 1000 mL.
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&

Figure 2. Flow-through cell designed for lipid-filled soft

gelatin capsules (dimensions in mm).&2S (USP33)

This nonspecific dissolution is intended to be diagnostic of
known technological problems that may arise as a result of
coatings, lubricants, disintegrants, and other substances inher-
ent in the manufacturing process. For dosage forms containing
botanical extracts, this dissolution measurement allows an as-
sessment of the extent of decomposition of the extract to poly-
meric or other nondissoluble compounds that may have been
produced by excessive drying or other manipulations involved
in the manufacture of botanical extracts. The operative assump-
tion inherent in this procedure is that if the index or marker
compound(s) or the extract is demonstrated to have dissolved
within the time frame and under the conditions specified, the
dosage form does not suffer from any of the above formulation
or manufacturing related problems.

Vitamin–Mineral Dosage Forms

All dietary supplements belonging to USP Classes II to VI, pre-
pared as tablets or capsules, are subject to the dissolution test
and criteria described in this chapter for folic acid (if present)
and for index vitamins and index minerals. This test is required
because of the importance of the relationship between folate
deficiency and the risk of neural tube defects. The accompany-
ing table lists the dissolution requirements for the individual
USP classes of dietary supplements. Class I dietary supplements
are combinations of oil-soluble vitamins for which dissolution
standards are not established; hence, dissolution requirements
do not apply to the oil-soluble vitamins contained in formula-
tions belonging to Class IV or Class V. Vitamin–mineral combi-

nations that may not be strictly covered by USP Class I to Class
VI are subject to the dissolution test and criteria specified in the
individual monographs.

Dietary Supplements—Vitamin–Mineral
Dosage Forms

USP
Class

Combination of
Vitamins or Minerals

Present Dissolution Requirement

I Oil-Soluble Vitamins Not applicable

II Water-Soluble Vitamins One index vitamin; folic
acid (if present)

III Water-Soluble Vitamins
with Minerals

One index vitamin and
one index element;
folic acid (if present)

IV Oil- and Water-Soluble
Vitamins

One index water-soluble
vitamin; folic acid
(if present)

V Oil- and Water-Soluble
Vitamins with
Minerals

One index water-soluble
vitamin and one
index element; folic
acid (if present)

VI Minerals One index element

Unless otherwise stated in the individual monograph, test 6
dosage units for dissolution as directed under Dissolution h711i.

DISSOLUTION CONDITIONS FOR FOLIC ACID

NOTE—Perform this test under light conditions that mini-
mize photodegradation.

&Test 1—&1S (USP34)

Medium: Water; 900 mL. If the units tested do not meet the
requirements for dissolution in water, test 6 additional dosage
units for dissolution in a medium of 900 mL of 0.05 M pH 6.0
citrate buffer solution, prepared by mixing 9.5 mL of 0.1 M ci-
tric acid monohydrate and 40.5 mL of 0.1 M sodium citrate di-
hydrate in a 100-mL volumetric flask, diluting with water to
volume, mixing, and adjusting to a pH of 6.0 by using either
0.1 M hydrochloric acid or 0.1 M sodium hydroxide solution.

Apparatus 1: 100 rpm, for capsules.
Apparatus 2: 75 rpm, for tablets.
Time: 1 hour.

&Test 2—

If the product complies with this test, the labeling indi-

cates that it meets USP Dissolution Test 2.

Medium: 45 mM citrate buffer, pH 6.0; 250 mL.

Apparatus 3: 30 dpm.

Screen (Top & Bottom): 56-mesh.

Time: 1 hour.&1S (USP34)

NOTE—Compliance with the dissolution requirements for
folic acid does not exempt the product from dissolution testing
of the pertinent index vitamin or the corresponding index min-
eral.
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DISSOLUTION CONDITIONS FOR INDEX VITAMINS AND INDEX

MINERALS

&Test 1—&1S (USP34)

Medium: 0.1 N hydrochloric acid; 900 mL.
Apparatus 1: 100 rpm, for capsules.
Apparatus 2: 75 rpm, for tablets.
Time: 1 hour.
For formulations containing 25 mg or more of the index vi-

tamin, riboflavin, use the following conditions:
Medium: 0.1 N hydrochloric acid; 1800 mL.
Apparatus 1: 100 rpm, for capsules.
Apparatus 2: 75 rpm, for tablets.
Time: 1 hour.

&Test 2—

If the product complies with this test, the labeling indi-

cates that it meets USP Dissolution Test 2.

Medium: 45 mM citrate buffer, pH 6.0; 250 mL.

Apparatus 3: 30 dpm.

Screen (Top & Bottom): 56-mesh.

Time: 1 hour.&1S (USP34)

NOTE—Compliance with dissolution requirements for the
pertinent index vitamin or index mineral does not exempt the
product from dissolution testing of folic acid, if present.

SELECTION OF INDEX VITAMINS AND INDEX ELEMENTS

Compliance with the dissolution requirements for dietary
supplements representing combinations of water-soluble vita-
mins (Water-Soluble Vitamins Capsules and Water-Soluble Vita-
mins Tablets) and combinations of oil- and water-soluble
vitamins (Oil- and Water-Soluble Vitamins Capsules and Oil-
and Water-Soluble Vitamins Tablets) is determined by measuring
the dissolution of a single index vitamin from the water-soluble
vitamins present. Riboflavin is the index vitamin when present
in the formulation. For formulations that do not contain ribofla-
vin, pyridoxine is the index vitamin. If neither riboflavin nor pyr-
idoxine is present in the formulation, the index vitamin is
niacinamide (or niacin), and in the absence of niacinamide
(or niacin), the index vitamin is thiamine. If none of the above
four water-soluble vitamins is present in the formulation, the in-
dex vitamin is ascorbic acid.

Compliance with the dissolution requirements for dietary
supplements representing combinations of minerals (Minerals
Capsules and Minerals Tablets) is determined by measuring the
dissolution of only one index element. Iron is the index element
when present in the formulation. For formulations that do not
contain iron, the index element is calcium. If neither iron nor
calcium is present, the index element is zinc, and in the absence
of all three of these elements, magnesium is the index element.

Compliance with dissolution requirements for dietary supple-
ments representing combinations of water-soluble vitamins
and minerals (Water-Soluble Vitamins with Minerals Capsules
and Water-Soluble Vitamins with Minerals Tablets) and combina-
tions of oil- and water-soluble vitamins and minerals (Oil- and
Water-Soluble Vitamins with Minerals Capsules and Oil- and
Water-Soluble Vitamins with Minerals Tablets) is determined by
measuring the dissolution of one index water-soluble vitamin
and one index element, designated according to the respective
hierarchies described above.

PROCEDURES

In the following procedures, combine equal volumes of the
filtered solutions of the six individual specimens withdrawn,
and determine the amount of folic acid or the index vitamin
or element dissolved, based on the average of 6 units tested.
Make any necessary modifications, including concentration of
the analyte in the volume of test solution taken. Use the Medium
for preparation of the Standard solution and dilution, if neces-
sary, of the test solution.

Folic Acid—Determine the amount of C19H19N7O6 dissolved
by employing the procedure set forth in the Assay for folic acid
under Oil- and Water-Soluble Vitamins with Minerals Tablets, in
comparison with a Standard solution having a known concen-
tration of USP Folic Acid RS in the same Medium.

Niacin or Niacinamide, Pyridoxine, Riboflavin, and
Thiamine—Determine the amount of the designated index vi-
tamin dissolved by employing the procedure set forth in the As-
say for niacin or niacinamide, pyridoxine, riboflavin, and thiamine
under Water-Soluble Vitamins Tablets.

Ascorbic Acid—Determine the amount of C6H8O6 dissolved
by adding 10 mL of 1.0 N sulfuric acid and 3 mL of starch TS to
100.0 mL of test solution, and titrating immediately with
0.01 N iodine VS. Perform a blank determination, and make
any necessary correction.

Iron, Calcium, Magnesium, and Zinc—Determine the
amount of the designated index element dissolved by employ-
ing the procedure set forth in the appropriate Assay under Min-
erals Capsules.

TOLERANCES

The requirements are met if not less than 75% of the labeled
content of folic acid and not less than 75% of the labeled con-
tent of the index vitamin or the index element from the units
tested is dissolved in 1 hour.

Botanical Dosage Forms

Compliance with dissolution requirements necessitates the
testing of 6 dosage units individually, or testing 2 or more dos-
age units in each of the six vessels of the dissolution apparatus,
and measuring the dissolution of one or more index/marker
compound(s) or the extract specified in the individual mono-
graph.

PROCEDURES

Combine equal volumes of the filtered solutions of the six or
more individual specimens withdrawn, and use the pooled
sample as the test solution. Determine the average amount of
index or marker compound(s) or the extract dissolved in the
pooled sample by the Procedure specified in the individual
monograph. Make any necessary modifications, including con-
centration of the analyte in the volume of the test solution tak-
en. Use the Medium for preparation of the Standard solution
and dilution, if necessary, of the test solution.

INTERPRETATION

Pooled Sample—Unless otherwise specified in the individual
monograph, the requirements are met if the quantities of the
index or marker compound(s) or the extract dissolved from
the pooled sample conform to the accompanying acceptance
table. The quantity, Q, is the amount of dissolved index or
marker compound(s) or the extract specified in the individual
monograph, expressed as a percentage of the labeled content.
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The 5%, 15%, and 25% values in the acceptance table are per-
centages of the labeled content so that these values and Q are
in the same terms.

Acceptance Table for a Pooled Sample

Stage
Number
Tested Acceptance Criteria

S1 6 Average amount dissolved is not
less than Q + 10%

S2 6 Average amount dissolved
(S1 + S2) is equal to
or greater than Q + 5%

S3 12 Average amount dissolved
(S1 + S2 + S3) is equal
to or greater than Q

~

TOLERANCES

Unless otherwise specified in the individual mono-

graph, the requirements are met if not less than 75%

of the labeled content of the index or marker com-

pound(s) or the extract from the units tested is dissolved

in 1 hour.~USP34

Dietary Supplements Other Than Vitamin–
Mineral and Botanical Dosage Forms

Unless otherwise stated in the individual monographs for di-
etary supplement dosage forms in this category, compliance re-
quires the testing of 6 individual units, measuring the
dissolution of the dietary ingredient as the average of the 6
units tested.

PROCEDURES

Combine equal volumes of the filtered solutions of the six
specimens withdrawn, and use the pooled sample as the test
solution. Determine the average amount of dietary ingredient
dissolved in the pooled sample by the Procedure specified in the
individual monograph. Make any necessary modifications, in-
cluding concentration of the analyte in the volume of the test
solution taken. Use the Medium for preparation of the Standard
solution and for dilution, if necessary, of the test solution.

TOLERANCES

Because of the diversity of chemical characteristics and solu-
bilities of dietary ingredients pertaining to this category, gener-
al tolerances cannot be established. See individual monographs
for Tolerances.
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REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

Bis(4-sulfobutyl) Ether Disodium. It is proposed to add
this new reagent used in the test for Limit of Bis(4-sulfobutyl)
Ether Disodium in the monograph for Betadex Sulfobutyl Ether
Sodium.

(HDQ: M. Marques.) RTS—C66223

Add the following:

& B i s ( 4 - s u l f o b u t y l ) E t h e r D i s o d i u m ,

Na2C8H16O7S2—334.32—Use a suitable grade with a

content of NLT 95%. [NOTE—A suitable grade is

available as catalog number RM-969-C50 from www.

cydexpharma.com.]&1S (USP34)

BRIEFING

1,4-Butane Sultone. It is proposed to add this new
reagent used in the test for Limit of 1,4-butane sultone in the
new monograph for Betadex Sulfobutyl Ether Sodium, appearing
elsewhere in this issue.

(HDQ: M. Marques.) RTS—C66223

Add the following:

&1,4-Butane Sultone (4-Hydroxybutane-1-

sulfonic acid delta-sultone), C4H8O3S—136.17

[1633-83-6]—Use a suitable grade with a content of

NLT 99%.&1S (USP34)

BRIEFING

Cupric Acetate, USP 32 page 817. It is proposed to correct
the CAS number for this reagent.

(HDQ: M. Marques) RTS—C85253

Change to read:

Cupric Acetate, Cu(C2H3O2)2 �H2O—199.65 [142-71-2]

&[6046-93-1]&1S (USP34)

—Use ACS reagent grade.

BRIEFING

Alpha-Cyclodextrin Hydrate. It is proposed to add this
new reagent used in the Enantiomeric Purity test in the
monograph for Galantamine Hydrobromide.

(HDQ: M. Marques) RTS—C55179

Add the following:

&Alpha-Cyclodextrin Hydrate (Alpha-Schardinger

Dextrin; Cyclohexaamylose) C36H60O30 � xH2O

[51211-51-9]—Use a suitable grade with a content of

NLT 98%.

[NOTE— A suitable grade is available as catalog number

22729 from www.acros.com.]&1S (USP34)
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BRIEFING

Diethyl Sulfone. It is proposed to add this new reagent
used in the test for Limit of 1,4-Butane Sultone in the
monograph for Betadex Sulfobutyl Ether Sodium, appearing
elsewhere in this issue of PF.

(HDQ: M. Marques) RTS—C66223

Add the following:

&Diethyl Sulfone (Ethyl Sulfone), (C2H5)2SO2—

122.19 [597-35-3]—Use a suitable grade with NLT

97%.&1S (USP34)

BRIEFING

4-Hydroxybutane-1-sulfonic Acid. It is proposed to add
this new reagent used in the test for Limit of 4-Hydroxybutane-
1-sulfonic Acid in the monograph for Betadex Sulfobutyl Ether
Sodium.

(HDQ: M. Marques.) RTS—C66223

Add the following:

&4-Hydroxybutane-1-sulfonic Acid (4-Hydroxy-1-

butanesulfonic Acid), C4H10O4S—154.19 [26978-64-3]—

Use a suitable grade with a content of NLT 95%. [NOTE—

A suitable grade is available as catalog number RM-967-

C50 from www.cydexpharma.com.]&1S (USP34)

BRIEFING

Nonylparaben. It is proposed to add this new reagent used
in the Assay for Milbemycin Oxime, which appears elsewhere in
this issue of PF.

(HDQ: M. Marques.) RTS—C65737

Add the following:

&Nonylparaben (4-Hydroxybenzoic acid nonyl ester,

nonyl 4-hydroxybenzoate), C16H24O3—264.36

[38713-56-3]—Use a suitable grade. [NOTE—A suitable

grade is available as catalog number H0217 at

www.tciamerica.com/catalog/H0217.html]&1S (USP34)

BRIEFING

0.4 M Aqueous Tetrabutylammonium Hydroxide. It is
proposed to add this new reagent used to prepare the Mobile
phase in the Dissolution test in the monograph for Minocycline
Periodontal System, appearing elsewhere in this issue of PF.

(HDQ: M. Marques) RTS—C55182

Add the following:

&0.4 M Aqueous Tetrabutylammonium

Hydroxide, C16H37NO—259.47 [2052-49-5]—Use a

suitable grade.

[NOTE—A suitable grade is availabe as catalog number

420120025 from www.fishersci.com.]&1S (USP34)
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REFERENCE TABLES

CONTAINERS FOR DISPENSING CAPSULES AND
TABLETS

BRIEFING

Container Specifications for Capsules and Tablets,
USP 32 page 881, page 4186 of the Second Supplement, and
page 269 of PF 36(1) [Jan.–Feb. 2010].

(HDQ) RTS—C45928; C56394; C61270; C64170;
C68830; C68841; C75103; C75106; C76307; C76415;
C78627; C83873

The following table is provided as a reminder for the pharma-
cist engaged in the typical dispensing situation who already is
acquainted with the Packaging and Storage requirements set
forth in the individual monographs. It lists the capsules and tab-
lets that are official in the United States Pharmacopeia and indi-
cates the relevant tight (T), well-closed (W), and light-resistant
(LR) specifications applicable to containers in which the drug
that is repackaged should be dispensed.

This table is not intended to replace, nor should it be inter-
preted as replacing, the definitive requirements stated in the in-
dividual monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

~Acetaminophen and Tramadol

Hydrochloride Tablets T~USP33

Add the following:

&Artemether and Lumefantrine

Tablets

W, LR&1S (USP34)

Add the following:

&Balsalazide Disodium Capsules T&2S (USP33)

Add the following:

&Carbidopa and Levodopa Tablets,

Extended-Release W, LR&2S (USP33)

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Cephalexin Tablets for Oral

Suspension T~USP34

Add the following:

&Cetirizine Hydrochloride Tablets W&1S (USP34)

Add the following:

~

Cetirizine Hydrochloride and

Pseudoephedrine Hydrochloride

Extended-Release Tablets W~USP34

Add the following:

&Crypthecodinium cohnii Oil Capsules T, LR&2S (USP33)

Add the following:

&Divalproex Sodium Capsules,

Delayed-Release T, LR&1S (USP34)

Add the following:

&Divalproex Sodium Tablets,

Extended-Release W&1S (USP34)

Add the following:

&Hydrochlorothiazide Capsules W&1S (USP34)

Add the following:

&Lamivudine and Zidovudine Tablets W, LR&1S (USP33)

Add the following:

~

Lamotrigine Tablets W~USP34

Add the following:

~

Levetiracetam Tablets T~USP34
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

&Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR&2S (USP33)

Add the following:

&Loratadine Orally Disintegrating

Tablets T&2S (USP33)

Add the following:

&Midocrine Hydrochloride Tablets W&1S (USP34)

Add the following:

&Morphine Sulfate Tablets,

Extended-Release T, LR&2S (USP33)

Add the following:

&Mycophenolate Mofetil Capsules W, LR&2S (USP33)

Add the following:

&Mycophenolate Mofetil Tablets W, LR&2S (USP33)

Add the following:

&Nateglinide Tablets T&1S (USP33)

Add the following:

&Olanzapine Tablets T, LR&1S (USP33)

Add the following:

&Olanzapine and Fluoxetine Capsules T&1S (USP34)

Add the following:

&Orlistat Capsules T&2S (USP33)

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Oseltamivir Phosphate Capsules W~USP33

Add the following:

&Oxcarbazepine Tablets W&2S (USP33)

Delete the following:

~

Paramethasone Acetate Tablets W~USP34

Delete the following:

&Pentobarbital Sodium Capsules T&1S (USP34)

Add the following:

~

Pioglitazone Tablets T~USP34

Add the following:

&Ramipril Capsules W&2S (USP33)

Add the following:

&Ribavirin Capsules W&2S (USP33)

Add the following:

&Riluzole Tablets W, LR&2S (USP33)

Add the following:

~

Rivastigmine Tartrate Capsules T~USP34

Add the following:

&Schizochytrium Oil Capsules T, LR&2S (USP33)

Add the following:

~

Sertraline Tablets W~USP34

Add the following:

&Sumatriptan Tablets W&2S (USP33)
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

&Tacrolimus Capsules T&1S (USP33)

Add the following:

&Telmisartan Tablets W&1S (USP33)

Add the following:

~

Telmisartan and Hydrochloro-

thiazide Tablets W~USP34

Add the following:

&Terazosin Capsules W, LR&2S (USP33)

Add the following:

&Terazosin Tablets W, LR&2S (USP33)

Add the following:

~

Terbinafine Tablets W, LR~USP34

Add the following:

&Ticlopidine Hydrochloride Tablets W&1S (USP33)

Add the following:

&Tranylcypromine Tablets W&1S (USP33)

Add the following:

&Tranylcypromine Sulfate W&1S (USP33)

Add the following:

&Valacyclovir Tablets T&2S (USP33)

Add the following:

~Venlafaxine Tablets W~USP34

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

&Zinc Gluconate Tablets T, LR&1S (USP33)

Add the following:

&Zolpidem Tartrate Tablets W&2S (USP33)

Add the following:

&Zolpidem Tartrate Extended-Release

Tablets W&1S (USP33)

Add the following:

&Zonisamide Capsules T&1S (USP34)

BRIEFING

Description and Relative Solubility of USP and NF Ar-
ticles, USP 32 page 890, page 4186 of the Second Supplement,
page 817 of PF 34(3) [May–June], page 1565 of PF 34(6) [Nov.–
Dec.], page 188 of PF 35(1) [Jan.–Feb. 2009], page 993 of PF
35(4) [July–Aug. 2009], page 1343 of PF 35(5) [Sept.–Oct.
2009], page 1571 of PF 35(6) [Nov.–Dec. 2009], and page
271 of PF 36(1) [Jan.–Feb. 2010].

(HDQ) RTS—C49307; C61270; C65737; C65843;
C66223; C75511; C78625; C78626; C79654; C84544;
C84965; C84970

Add the following:

&Artemether: White to slightly yellow, crystalline,

non hygroscopic powder. Freely soluble in acetone; sol-

uble in methanol and alcohol; practically insoluble in

water.&1S (USP34)
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Add the following:

&Betadex Sulfobutyl Ether Sodium: White to off-

white amorphous powder. Freely soluble in water, spar-

ingly soluble in methanol, practically insoluble in etha-

nol, in n-hexane, in 1-butanol, in acetonitrile, in 2-

propanol, and in ethyl acetate. NF category: Complexing

agent; sequestering agent; wetting and/or solubilizing

agent.&1S (NF29)

Change to read:

Enrofloxacin: Pale yellow to light yellow crystalline pow-
der.

&Very &1S (USP34)

slightly soluble in water at pH 7.

Add the following:

&Entacapone: Greenish yellow to yellow powder.

Sparingly soluble in acetone and in methanol; slightly

soluble in ethanol, chloroform, isopropanol and ether;

very slightly soluble in toluene; practically insoluble in

water.&1S (USP34)

Add the following:

&Fosfomycin Tromethamine: White or almost

white, hygroscopic powder. Very soluble in water, slight-

ly soluble in alcohol and methanol. Practically insoluble

in acetone.&1S (USP34)

Add the following:

&Indinavir Sulfate: White or almost white, hygro-

scopic powder. Freely soluble in water, soluble in metha-

nol, practically insoluble in heptane.&1S (USP34)

Add the following:

&Lumefantrine: Yellow, crystalline, non hygroscop-

ic powder. Freely soluble in N,N-dimethylformamide, in

chloroform, and in ethyl acetate; soluble in methylene

chloride; slightly soluble in alcohol and in methanol;

practically insoluble in water.&1S (USP34)

Add the following:

&Midodrine Hydrochloride: White crystalline

powder. Soluble in water and sparingly soluble in metha-

nol.&1S (USP34)

Add the following:

&Milbemycin Oxime: White to yellowish white

powder. Very soluble in acetonitrile, methanol, dehydrat-

ed alcohol, ethyl acetate, ethyl ether, and practically in-

soluble in water.&1S (USP34)

Change to read:

Moxifloxacin

&Hydrochloride:&1S (USP34)

Slightly yellow to yellow powder or crystals. Soluble in 0.1 N
sodium hydroxide; sparingly soluble in water and in methanol;
slightly soluble in 0.1 N hydrochloric acid, in dimethylform-
amide, and in alcohol; practically insoluble in methylene chlo-
ride, in acetone, in ethyl acetate, and in toluene; insoluble in
tert-butyl methyl ether and n-heptane.

Add the following:

&Polyglyceryl 3 Diisostearate: Viscous liquid. Sol-

uble in alcohol, in methylene chloride, in mineral oil, and

in vegetable oils; insoluble in water. NF category: Emulsi-

fying and/or solubilizing agent; ointment base.&1S (NF29)

Add the following:

&Valsartan: White or almost white, hygroscopic

powder. Freely soluble in anhydrous ethanol, sparingly

soluble in methylene chloride, practically insoluble in

water.&1S (USP34)
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Pending Proposals
(Items from earlier numbers of PF that have not yet been adopted and become official)

In order for an item to be adopted into the USP–NF and become officially binding, it must first be proposed and pub-
lished in the Pharmacopeial Forum (PF) to allow the public an opportunity to review and comment upon it. When an
item is adopted, it is published in the USP–NF, its Supplements, an IRA , or a Revision Bulletin. Those items that have not
yet been adopted are marked as Pending Proposals.

The Pending Proposals list contains these items separated into the following categories: General Notices and Require-
ments; USP monographs; Dietary Supplements Monographs; General Chapters; Reagents; Indicators; and Solutions;
Reference Tables; Excipients; and NF Monographs. Each entry in the Pending Proposals list contains the monograph title
and the citation of the most recent publication of the monograph. Reprints of PF proposals may be purchased from
USP by sending a written request for information to custsvc@usp.org.

To check the status of a Pending Proposal, please contact USP as directed below.

� The briefing accompanying the monograph or general chapter lists the names of the Scientific Liaisons responsible
for the proposed revisions. The contact information (phone number and email) for the Scientific Liaison is available
in the Staff Directory section of How to Use PF. For USP–NF Online subscribers, the name and contact information for
the assigned Scientific Liaison is available in the Auxiliary Information portion of each monograph.

� Call USP at 301-816-8344 and ask to speak with the Scientific Liaison assigned to the monograph or general chap-
ter of interest.

� Submit questions by email to stdsmonographs@usp.org. Please indicate the name of the monograph or general
chapter in the subject line of the email.

Following these lists the reader will find the Canceled Proposals list. These are items that were published in PF and were
pending, but have since been canceled. This list contains cumulative entries for the six issues per volume of PF [i.e.,
36(1) through 36(6)]. Note that canceled proposals may be republished in PF to be considered for future adoption into
the USP–NF.

PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

General Notices—Official Status and Legal Recognition,
Conformance to Standards, Monographs and
General Chapters, Monograph Components,
Test Results

36 1 56

USP Monographs
Acetaminophen and Tramadol Hydrochloride Tablets (new) 35 1 56
Acetylcysteine—USP Reference standards, Assay 31 3 726
Acitretin—Assay, Heavy Metals 35 5 1102
Medical Air—Identification (add); Assay;

Inorganic Impurities—Carbon Dioxide, Carbon Monoxide,
Sulfur Dioxide, Limit of Nitric Acid and Nitrogen Dioxide;
Packaging and Storage; Labeling

35 4 828

Albumin Human—Definition, Packaging and storage,
Expiration date, Labeling, USP Reference standards (add),
Identification A, B (add), Bacterial endotoxins (add),
Safety (add), Sterility (add), pH (add), Molecular size
distribution (add), Heat stability (add), Incubation (add),
Prekallikrein activator (add), Protein content (add), Heme
content (add), Potassium content (add), Sodium content (add)

31 5 1338

Albuterol Tablets—Assay 31 3 726
Alendronate Sodium Tablets—Dissolution 35 1 59
Alprazolam Tablets—Assay 33 1 41
Alumina, Magnesia, and Calcium Carbonate Chewable Tablets

(new)
29 6 1836

Amifostine—Assay, Organic Impurities 36 1 62
Amifostine for Injection—Assay, Organic Impurities—

Procedure (delete), Procedure 1 (add),
Procedure 2 (add)

36 1 63

Amiodarone Hydrochloride (new) 34 6 1429
Amlodipine Besylate Tablets (new) 35 1 62
Amoxicillin—Assay, Organic Impurities (add),

Sterility Tests, USP Reference Standards
36 1 66
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Amphetamine Sulfate—Definition, Assay,
Organic Impurities

36 1 68

Ampicillin—Definition, USP Reference standards,
Related compounds (add), Assay

34 5 1140

Ampicillin Sodium—Dimethylaniline 35 1 65
Aprotinin (new) 31 3 732
Aprotinin Injection (new) 31 3 736
Articaine Hydrochloride (new) 35 3 544
Atenolol—Identification B 35 3 545
Atenolol Tablets—Dissolution 35 1 66
Atorvastatin Calcium (new) 35 1 66
Atropine Sulfate—Identification C (add); Organic

Impurities—Other Alkaloids (delete), Procedure (add);
Melting Range or Temperature (delete); Optical Rotation
(delete); Optical Rotation (add); Acidity (delete); Packaging
and Storage; USP Reference Standards

35 4 829

Azithromycin—Assay, Organic Impurities—
Procedure 1 (delete), Procedure 2 (delete),
Procedure (add), Labeling, USP Reference
Standards

36 1 70

Aztreonam—Definition, Assay, Organic Impurities (add),
Limit of Alcohol (add), USP Reference Standards

35 5 1103

Soluble Bacitracin Methylene Disalicylate—Title change,
Definition

35 5 1105

Bacitracin Methylene Disalicylate Soluble Powder—Title
change, Definition

35 5 1106

Balsalazide Disodium (new) 35 4 830
Balsalazide Disodium Capsules (new) 35 4 832
Bendroflumethiazide Tablets—Dissolution 35 5 1106
Benzethonium Chloride—Identification B, C (delete),

Identification B (add), USP Reference Standards (add)
35 4 833

Benzoin—Botanic characteristics, Identification 35 1 70
Bicalutamide—Organic Impurities 35 5 1107
Biperiden Hydrochloride Tablets—Dissolution 35 5 1108
Bisoctrizole (new) 32 2 309
Budesonide—Related compounds 35 3 539
Bupropion Hydrochloride Extended-Release Tablets—Dissolution 35 5 1109
Buspirone Hydrochloride—Identification C (add), Assay,

Content of Chloride (delete)
36 1 74

Cabergoline—Residue on Ignition (add), Heavy Metals (add) 36 1 75
Camphor—Water 31 3 742
Capecitabine—Assay, Organic Impurities 35 4 834
Capecitabine Tablets—Assay, Dissolution, Organic

Impurities
35 5 1113

Capreomycin Sulfate—Identification B (add), Capreomycin 1 Content 35 6 1448
Capreomycin for Injection—Identification A (add), B (add),

Capreomycin 1 Content, Other Requirements
35 6 1449

Carbidopa—Specific rotation 35 1 73
Carbidopa and Levodopa Extended-Release Tablets (new) 34 6 1433
Carmustine (new) 35 3 546
Carmustine for Injection (new) 35 3 548
Cefazolin Sodium—Chemical information, Related compounds (add) 34 6 1438
Cefdinir Capsules—Organic Impurities 35 5 1115
Cefdinir for Oral Suspension—Organic Impurities 35 5 1118
Cefepime Hydrochloride—Assay, Organic Impurities—Procedure 1,

Procedure 2, USP Reference Standards
36 1 76

Cefepime for Injection—Assay, Organic Impurities—Procedure 1,
Procedure 2, USP Reference Standards

36 1 79

Cefotetan for Injection—Identification A (add), B (add),
Other Requirements

35 5 1122

Cefixime for Oral Suspension—Water (delete) 34 6 1441
Ceftiofur Hydrochloride (new) 34 4 908
Ceftiofur Sodium (new) 34 4 912
Cefuroxime Axetil for Oral Suspension—pH 35 5 1123
Cephalexin—Identification B, C (delete), B (add),

Assay, Organic Impurities—Procedure 1
36 1 41

Cephalexin Hydrochloride—Identification A, B (delete),
A (add), C, Assay

36 1 42

Cephalexin Capsules—Identification A (delete),
Identification (add), Assay, Water Determination (delete)

36 1 44
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Cephalexin for Oral Suspension—Identification A (delete),
Identification (add), Assay, Water Determination (delete)

36 1 45

Cephalexin Tablets—Identification (delete),
Identification (add), Assay, Water Determination (delete)

36 1 46

Cephalexin Tablets for Oral Suspension—Identification A (delete),
Identification (add), Assay, Water Determination (delete)

36 1 47

Cetirizine Hydrochloride and Pseudoephedrine Hydrochloride
Extended-Release Tablets (new)

36 1 82

Chlorhexidine Acetate—Identification A, B (delete),
C (delete), Assay, Organic Impurities

36 1 85

Chlorhexidine Acetate Topical Solution (new) 36 1 87
Chlorhexidine Gluconate Solution—Identification B (delete),

C (delete), D, Assay, Organic Impurities—Procedure 2
36 1 88

Chlorhexidine Gluconate Topical Solution (new) 36 1 90
Chlorhexidine Hydrochloride—Identification A (delete),

B (delete), C, D, Assay, Organic Impurities
36 1 91

Ciprofloxacin—Identification B 35 4 837
Ciprofloxacin Hydrochloride—Identification B 35 4 839
Ciprofloxacin Injection—Identification A 35 4 840
Ciprofloxacin Ophthalmic Solution—Identification A 35 4 842
Ciprofloxacin Tablets—Identification A, B (delete) 35 4 843
Citalopram Tablets—Identification A, Uniformity

of Dosage Units, Organic Impurities
35 4 844

Anhydrous Citric Acid (Harmonization)—Sulfate 31 3 749
Citric Acid Monohydrate (Harmonization)—Sulfate 31 3 750
Cladribine—Specific rotation, Related compounds 33 1 49
Clarithromycin Tablets—Dissolution 35 5 1124
Clavulanate Potassium—Limit of aliphatic amines, Limit of

2-ethylhexanoic acid
34 6 1441

Clenbuterol Hydrochloride (new) 35 5 1125
Clindamycin Palmitate Hydrochloride—Chemical information, Assay 34 6 1442
Clobetasol Propionate—Residue on Ignition, Heavy Metals 35 5 1125
Clopidogrel Tablets—Related compounds 33 1 50
Clotrimazole—Identification B, Assay, Organic Impurities—Procedure 2 35 6 1449
Clotrimazole Cream—Thin-Layer Chromatographic Identification Test,

Assay
35 6 1451

Cyclophosphamide—Identification B, Assay, Organic
Impurities—Procedure 1 and Procedure 2 (add),
Limit of Chloride (add), Limit of Phosphate (add), Bacterial
Endotoxins Test (add), Sterility Tests (add), Labeling (add),
USP Reference Standards

35 5 1126

Dactinomycin for Injection—Definition, Identification B 35 6 1452
Dalteparin Sodium (new) 30 5 1598
Dapsone—Assay 31 3 750
Deferoxamine Mesylate—Definition, Identification (delete),

A (add), B (add), Assay, Organic Impurities (add),
Packaging and Storage

35 4 847

Human Acellular Dermal Matrix (new) 35 3 558
Microsized Human Acellular Dermal Matrix (new) 35 3 561
Desflurane—Definition, Identification, Assay, Limit of Nonvolatile

Residue, Limit of Fluoride, Organic Impurities, Acidity
or Alkalinity (add), Packaging and Storage, USP Reference
Standards

36 1 93

Diazepam Extended-Release Capsules—USP Reference standards,
Assay

32 2 330

Diclazuril (new) 35 1 73
Diclofenac Sodium Delayed-Release Tablets—Dissolution 35 5 1129
Diclofenac Sodium Extended-Release Tablets—Assay, Dissolution,

Organic Impurities
35 5 1130

Didanosine for Oral Solution—Assay 34 6 1443
Dihydroxyaluminum Sodium Carbonate Chewable

Tablets (new)
29 6 1873

Diltiazem Hydrochloride Tablets—Dissolution 35 6 1453
Dinoprostone—Organic Impurities 35 5 1132
Disulfiram—Assay, Inorganic Impurities—Selenium 35 4 848
Docetaxel (new) 35 5 1133
Dofetilide (new) 35 5 1135
Dolasetron Mesylate—Impurities 35 2 272
Donepezil Hydrochloride (new) 36 1 97
Dronabinol Capsules—Definition, Assay, USP Reference Standards 35 3 549
Egg Phospholipids (new) 31 3 757
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Endotoxin Indicator for Depyrogenation (new) 34 6 1444
Ensulizole—USP Reference Standards 35 4 849
Epirubicin Hydrochloride (new) 35 2 273
Esomeprazole Magnesium—Identification B, Other Components—

Content of Magnesium, Optical Rotation (delete)
35 3 550

Esterified Estrogens—Identification, Free steroids, Assay 32 6 1678
Esterified Estrogens Tablets—USP Reference standards, Assay 32 6 1680
Estradiol Transdermal System—Drug Release 35 5 1136
Estradiol and Norethindrone Acetate Tablets—Assay,

Dissolution, Uniformity of Dosage Units, Organic Impurities
35 5 1139

Conjugated Estrogens—Assay 35 5 1142
Ethambutol Hydrochloride—Limit of Total Stereoisomers (add),

USP Reference Standards
36 1 98

Ethotoin Tablets—USP Reference standards, Assay 32 2 332
Famotidine Injection (new) 32 2 333
Fenofibrate—Definition, Assay 35 2 275
Fentanyl (new) 34 3 602
Flavoxate Hydrochloride—Organic Impurities, USP Reference

Standards
35 6 1454

Fluconazole Injection (new) 35 3 552
Flurazepam Hydrochloride—Identification 31 3 766
Fluvestrant (new) 33 5 99
Fosinopril Sodium—Organic Impurities—Procedure 1 35 5 1144
Gadodiamide Injection—Packaging and Storage 36 1 99
Galantamine Hydrobromide—Organic Impurities, Enantomeric

Purity (add), Optical Rotation (add), Labeling (add)
36 1 100

Galantamine Tablets—Organic Impurities 35 5 1145
Glucagon—Chemical information, Definition, Identification (delete),

A (add), B (add), Assay, Nitrogen Determination (delete),
Residue on Ignition (delete), Zinc Determination (delete),
Organic Impurities, Water Determination, Bacterial Endotoxins Test
(add), Packaging and Storage, USP Reference Standards

35 5 1148

Glucagon for Injection—Definition, Identification (add), Assay,
Organic Impurities (add), Water Determination (add), pH and
Clarity of Solution (delete), Bacterial Endotoxins Test, Sterility
Tests, Other Requirements (delete), Labeling (add),
USP Reference Standards

35 5 1152

Glutaral Concentrate—Specific gravity 31 3 766
Glyburide and Metformin Hydrochloride Tablets—Identification A,

Dissolution
35 6 1456

Goserelin Acetate (new) 32 3 792
Granisetron Hydrochloride Oral Suspension (new) 34 6 1454
Halazone—Readily carbonizable substances 34 5 1163
Helium—Identification A (delete), B (delete),

Identification (add), Assay, Inorganic Impurities—Carbon
Monoxide, Odor, Packaging and Storage, Labeling (add)

35 4 850

Halobetasol Propionate (new) 35 6 1458
Hydromorphone Hydrochloride—Organic Impurities,

USP Reference Standards
35 5 1156

Hydromorphone Hydrochloride Oral Solution (new) 35 4 851
Hydroxypropyl Cellulose Ocular System—Assay 35 4 852
Biphasic Isophane Insulin Human Suspension (new) 31 4 1033
Iodixanol Injection—Identification A (delete), B,

Heavy Metals (delete), Organic Impurities, Limit of Free Iodide,
Packaging and Storage, USP Reference Standards

36 1 103

Iohexol Injection—Identification A (delete), B (delete),
Identification (add), Heavy Metals (delete), Packaging
and Storage

36 1 106

Irbesartan and Hydrochlorothiazide Tablets—Identification A
(add), B (add), Assay, Organic Impurities (add), USP Reference
Standards

36 1 108

Ketoprofen Extended-Release Capsules (new) 34 4 951
Lamivudine and Zidovudine Tablets (new) 35 2 277
Lamotrigine Tablets (new) 36 1 110
Leflunomide—Organic Impurities—Procedure 1: Limit of

Leflunomide Related Compound A, Loss on Drying
35 5 1158

Leflunomide Tablets—Water Determination (delete) 35 5 1159
Letrozole—Assay, Organic Impurities 36 1 111
Letrozole Tablets—Assay, Dissolution, Uniformity of Dosage Units,

Organic Impurities
36 1 113

Leuprolide Acetate—Assay, Content of Acetic Acid 36 1 49
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Levetiracetam Tablets (new) 36 1 115
Levocabastine Hydrochloride—Organic Impurities 36 1 116
Levofloxacin (new) 35 6 1459
Levonorgestrel and Ethinyl Estradiol Tablets—Identification A, Assay,

Dissolution, USP Reference Standards
36 1 117

Levothyroxine Sodium—Organic Impurities—Procedure 1,
Procedure 2 (add), Packaging and Storage, Labeling (add),
USP Reference Standards

35 3 555

Lithium Carbonate Tablets—Dissolution 35 6 1461
Loratadine Orally Disintegrating Tablets (new) 34 3 624
Loratadine and Pseudoephedrine Sulfate Extended-Release

Tablets (new)
32 6 1715

Losartan Potassium and Hydrochlorothiazide Tablets (new) 34 6 1455
Mannitol Injection—Labeling 32 2 263
Mefloquine Hydrochloride—Assay 35 5 1160
Megestrol Acetate Oral Suspension—Dissolution 35 1 75
Meloxicam—Impurities, Procedure 1 35 2 278
Metformin Hydrochloride Extended-Release Tablets—Dissolution 35 1 76
Methylbenzethonium Chloride—Identification B (delete), C

(delete), D (delete), B (add); USP Reference Standards (add)
35 4 853

Methylcellulose (new)—Stage 6 Harmonization 35 3 683
Methylcellulose Ophthalmic Solution—Identification 31 3 780
Methylcellulose Oral Solution—Identification 31 3 780
Methylcellulose Tablets—Identification 31 3 780
Methylene Blue Injection, Veterinary (new) 34 6 1461
Methylphenidate Hydrochloride—Definition, Identification B,

Assay, Organic Impurities—Procedure 1, Procedure 2
36 1 119

Methylphenidate Hydrochloride Extended-Release Tablets—
Identification B (add), Dissolution, Organic Impurities (add),
USP Reference Standards

35 6 1461

Metolazone Tablets—Dissolution 35 6 1464
Metronidazole Benzoate—USP Reference standards,

Related compounds
31 3 781

Misoprostol (new) 35 3 564
Mometasone Furoate Cream—Packaging and storage, Related

compounds (add), Assay
35 1 82

Mometasone Furoate Ointment—Packaging and storage, Related
compounds (add), Assay

35 1 84

Mometasone Furoate Topical Solution—Packaging and storage,
Related compounds (add), Assay

35 1 87

Montelukast Sodium (new) 36 1 121
Morantel Tartrate—pH 32 6 1735
Morphine Sulfate Extended-Release Capsules—Assay, Organic

Impurities, USP Reference Standards
35 3 565

Morphine Sulfate Extended-Release Tablets (new) 35 5 1164
Mycophenolate Mofetil—Identification, Melting range (delete),

Related compounds, Assay
35 1 89

Mycophenolate Mofetil Capsules (new) 35 4 854
Mycophenolate Mofetil for Injection (new) 35 6 1464
Mycophenolate Mofetil for Oral Suspension (new) 35 6 1466
Mycophenolate Mofetil Tablets (new) 35 4 856
Naratriptan Hydrochloride Oral Suspension (new) 35 1 90
Nevirapine Oral Suspension—Organic Impurities 35 4 857
Nateglinide (new) 34 6 1463
Nateglinide Tablets (new) 35 2 281
Nitrofurantoin Capsules—Packaging and storage 35 1 92
Diluted Nitroglycerin—Organic Impurities 36 1 123
Nitrous Oxide—Definition; Identification A, B (delete),

C (delete); Assay; Inorganic Impurities—Ammonia,
Nitric Oxide, Nitrogen Dioxide, Halogens, Carbon
Monoxide, Carbon Dioxide; Water; Packaging and Storage;
Labeling (add)

35 4 859

Norepinephrine Bitartrate—Residue on Ignition 35 5 1165
Norethynodrel (delete entire monograph) 35 1 92
Ofloxacin—Chromatographic purity (delete), Related

compounds (add)
30 4 1274

Ofloxacin Tablets—Uniformity of dosage units 34 6 1467
Olanzapine Tablets (new) 35 2 282
Olopatadine Hydrochloride (new) 35 3 567
Olopatadine Hydrochloride Ophthalmic Solution (new) 35 3 568
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Ondansetron Hydrochloride—Limit of ondansetron
related compound D, Assay

32 1 126

Ondansetron Orally Disintegrating Tablets—Labeling (add),
Disintegration, Dissolution, Water (delete)

34 6 1467

Orlistat (new) 35 5 1166
Orlistat Capsules (new) 35 5 1169
Oseltamivir Phosphate (new) 36 1 124
Oseltamivir Phosphate Capsules (new) 34 6 1471
Oxaliplatin—Organic Impurities—Procedure 1, Content of Platinum 35 6 1467
Oxaliplatin Injection (new) 35 2 284
Oxaliplatin for Injection (new) 34 6 1473
Oxazepam Capsules—Assay, Dissolution, Organic Impurities (add) 35 5 1170
Oxcarbazepine (new) 34 5 1177
Oxcarbazepine Tablets (new) 34 6 1478
Oxybutynin Chloride Tablets—Dissolution 35 1 93
Oxycodone Hydrochloride—USP Reference standards, Limit of

oxycodone related compound A (14-hydroxycodeinone) and
oxycodone related compound C (codeinone) (add),
Chromatographic purity

34 6 1480

Oxygen—Identification—Procedure, B (delete); Assay;
Inorganic Impurities—Carbon Dioxide, Carbon Monoxide; Packaging
and Storage; Labeling

35 4 861

Oxygen 93 Percent—Identification A, B (delete); Assay; Inorganic
Impurities—Carbon Dioxide, Carbon Monoxide; Packaging
and Storage; Labeling

35 4 862

Pamidronate Disodium for Injection—Definition 33 1 81
Pancuronium Bromide Injection (new) 32 4 1097
Pantoprazole Oral Suspension (new) 35 4 863
Paramethasone Acetate (delete entire monograph) 35 6 1471
Paramethasone Acetate Tablets (delete entire monograph) 35 6 1472
Paricalcitol—Identification, Assay 33 2 252
Pectin—Chemical information; Definition; Identification—A, B, C, D

(delete), Procedure (add); Assay—Methoxy
Groups (name change), Galacturonic Acid, Methoxy
Groups (add); Impurities—Lead, Procedure 1, Procedure 2 (add),
Procedure 3 (add); Microbial Enumeration Tests; Packaging and
Storage; Labeling; USP Reference Standards (add)

35 2 287

Penicillamine Capsules—Dissolution 31 2 436
Pentamidine Isethionate (new) 35 3 570
Pentobarbital—Identification B (delete), C, Assay,

Organic Impurities, Melting Range
or Temperature (delete)

35 4 864

Pentobarbital Sodium—Labeling (add), USP Reference standards,
Other requirements (add)

31 1 73

Petrolatum (new)—Stage 4 Harmonization 35 5 1363
White Petrolatum (new)—Stage 4 Harmonization 35 5 1364
Liquefied Phenol—Identification (add), Other requirements 35 1 93
Phenytoin Chewable Tablets (new) 29 6 1965
Physostigmine—Readily carbonizable substances 34 5 1179
Pilocarpine Hydrochloride—Definition, Assay, Organic Impurities—

Procedure 1, Melting Range or Temperature (delete), Packaging
and Storage

35 6 1473

Pioglitazone Hydrochloride (new) 36 1 126
Pioglitazone Tablets (new) 36 1 128
Potassium Iodide Delayed-Release Tablets—Identification (add),

Other requirements
34 6 1481

Potassium Iodide Oral Solution—Definition 31 3 786
Potassium Sodium Tartrate—Limit of ammonia 31 3 787
Praziquantel Tablets—Dissolution 35 2 291
Primidone—Identification B, C (delete), Assay, Organic Impurities,

Melting Range or Temperature (delete),
USP Reference Standards

35 3 571

Primidone Tablets—Assay, Organic Impurities (add),
USP Reference Standards

35 3 573

Promethazine Hydrochloride and Codeine Phosphate Oral
Solution (new)

35 2 292

Promethazine Hydrochloride and Dextromethorphan
Hydrobromide Oral Solution (new)

35 2 295

Promethazine and Phenylephrine Hydrochloride Oral Solution
(new)

35 2 298
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Promethazine and Phenylephrine Hydrochloride and Codeine
Phosphate Oral Solution (new)

35 2 301

Propafenone Hydrochloride—Organic Impurities 36 1 129
Propoxyphene Hydrochloride—Definition, Assay, Organic

Impurities, Melting Range or Temperature (delete)
35 4 865

Propoxyphene Hydrochloride Capsules—Identification B (delete),
Identification C

35 3 574

Psyllium Husk—Impurities—Heavy Metals (add), Procedure 3 (add) 35 2 304
Pyrantel Pamoate—USP Reference standards, Related compounds 34 6 1482
Quinidine Sulfate Oral Suspension—Assay 35 6 1475
Ractopamine Hydrochloride Suspension (new) 35 5 1171
Ramipril—Definition, Assay 31 3 787
Ramipril Capsules (new) 35 4 867
Repaglinide Tablets—Loss on Drying (delete) 35 2 306
Ribavirin Capsules (new) 35 3 576
Riluzole (new) 35 5 1173
Riluzole Tablets (new) 35 5 1174
Risperidone Oral Solution (new) 35 4 870
Ritonavir—Identification 35 1 95
Rivastigmine Tartrate (new) 35 6 1476
Rivastigmine Tartrate Capsules (new) 36 1 131
Rizatriptan Benzoate (new) 36 1 132
Ropinirole Hydrochloride (new) 36 1 133
Ropivacaine Hydrochloride—Organic Impurities—Procedure 3,

Optical Rotation (delete)
36 1 135

Salmeterol Xinafoate (new) 35 2 307
Salsalate Tablets—Assay 33 6 1211
Sennosides—Content of Sennosides A and B (add), USP Reference

Standards (add)
35 2 308

Sertraline Hydrochloride (new) 34 5 1189
Sertraline Tablets (new) 36 1 138
Sevoflurane—Limit of Peroxide (delete), Organic Impurities—

Procedure 2
36 1 139

Sibutramine Hydrochloride (new) 34 4 986
Simethicone Emulsion—Identification, Assay 35 6 1477
Sodium Chloride—Identification, Loss on drying,

Limit of potassium (postponed indefinitely)
32 2 264

Sodium Fluoride Gel (new) 35 5 1175
Spironolactone—Melting Range or Temperature (delete) 36 1 141
Sucralfate—Identification 33 2 254
Sulfadiazine Tablets—Dissolution 35 3 577
Sulfamethazine Granulated—Assay 31 3 797
Sulfasalazine—Identification B 35 6 1478
Sulfasalazine Tablets—Identification 35 6 1479
Sulfinpyrazone—Identification A, B (add), Melting Range or

Temperature (delete), Solubility in acetone (delete),
Solubility in 0.50 N sodium hydroxide (delete)

35 3 577

Sumatriptan Tablets (new) 35 4 871
Tacrolimus (new) 35 2 310
Tacrolimus Capsules (new) 35 2 312
Tamsulosin Hydrochloride (new) 35 3 578
Telmisartan (new) 35 3 580
Telmisartan Tablets (new) 35 3 581
Terazosin Capsules (new) 35 4 872
Terazosin Tablets (new) 35 4 874
Terbinafine Hydrochloride—Definition, Assay, Organic Impurities 35 6 1480
Terbinafine Oral Suspension (new) 35 1 96
Terbinafine Tablets (new) 36 1 142
Terbutaline Oral Suspension (new) 35 1 97
Terbutaline Sulfate Inhalation Aerosol—USP Reference

standards, Assay
31 2 450

Thiabendazole Chewable Tablets (new) 29 6 1991
Thioridazine Hydrochloride—Identification 31 3 798
Tiagabine Hydrochloride Oral Suspension (new) 35 1 98
Ticlopidine Hydrochloride (new) 35 3 582
Ticlopidine Hydrochloride Tablets (new) 35 3 584
Tilmicosin—Definition, Related compounds, Assay 31 3 798
Tioconazole—Assay 35 4 875
Tizanidine Tablets—Dissolution 35 3 585
Topiramate Tablets (new) 34 5 1197
Tramadol Hydrochloride Tablets (new) 31 2 462
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Tranexamic Acid (new) 34 6 1484
Tranylcypromine Sulfate (new) 35 2 314
Tranylcypromine Tablets (new) 35 3 587
Trenbolone Acetate—Definition, USP Reference standards,

Identification, Chromatographic purity (delete),
Limit of trenbolone acetate 17a-isomer (delete),
Related compounds (add), Assay

35 1 100

Tretinoin Gel—Identification, Assay 34 6 1485
Triamcinolone Acetonide—USP Reference standards, Assay 31 3 800
Tryptophan—Chromatographic purity (add),

Limit of tryptophan related compound A (add)
33 6 1214

Ursodiol Capsules—Dissolution 31 3 800
Ursodiol Tablets—Identification, Assay 35 4 876
Valacyclovir Hydrochloride (new) 35 3 589
Valacyclovir Tablets (new) 35 4 878
Valproic Acid Capsules—Disintegration (delete) 35 3 591
Valrubicin—Definition, USP Reference standards, Identification, Loss

on drying (delete), Water (add), Limit of residual solvents (delete),
Related compounds, Assay

35 1 103

Valrubicin Intravesical Solution—USP Reference standards,
Related compounds

34 6 1486

Valsartan and Hydrochlorothiazide Tablets—Organic Impurities 35 5 1176
Vancomycin Hydrochloride—Identification, Inorganic

Impurities—Heavy Metals (add), Organic Impurities—
Procedure: Limit of Monodechlorovancomycin, Sterility
Tests (add), Bacterial Endotoxins Test (add), Composition
of Vancomycin

35 4 879

Vancomycin Hydrochloride Capsules—Identification 34 6 1487
Sterile Vancomycin Hydrochloride—(delete entire monograph) 34 1 112
Vancomycin Hydrochloride for Injection—Inorganic Impurities—

Heavy Metals (delete), Composition of Vancomycin
35 4 881

Venlafaxine Hydrochloride (new) 35 6 1483
Venlafaxine Tablets (new) 35 6 1482
Vincristine Sulfate Injection—Identification 35 1 106
Vincristine Sulfate for Injection—Identification 35 1 106
Pure Steam (new) 31 2 467
Water for Hemodialysis—Specific Tests (add Note), Oxidizable

Substances (delete), Microbial Enumeration Tests and Tests for
Specified Microorganisms, Bacterial Endotoxins Test

35 6 1485

Water for Injection—Definition, Bacterial Endotoxins Test,
Water Conductivity, Sterility Tests (delete), Packaging
and Storage (add), Labeling (add)

36 1 144

Purified Water—Definition, Packaging and Storage (add), Labeling
(add)

35 2 317

Sterile Water for Inhalation—Definition, Water Conductivity 35 5 1178
Sterile Water for Injection—Water Conductivity 35 5 1178
Sterile Water for Irrigation—Water Conductivity 35 5 1179
Sterile Purified Water—Water Conductivity 35 5 1180
Zidovudine Oral Solution—Identification A (delete), B (delete),

Identification (add), Organic Impurities, Labeling (add),
USP Reference Standards

35 5 1180

Ziprasidone Hydrochloride (new) 35 3 592
Zolpidem Tartrate (new) 34 6 1487
Zolpidem Tartrate Extended-Release Tablets (new) 35 3 595
Zolpidem Tartrate Tablets (new) 35 4 883
Zonisamide (new) 34 6 1489

Dietary Supplements Monographs
Acesulfame Potassium—Packaging and storage (add),

Limit of fluoride
31 3 811

N-Acetyltyrosine (new) 35 1 107
Alpha Lipoic Acid Capsules—Disintegration and Dissolution

of Dietary Supplements
36 1 145

Alpha Lipoic Acid Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 146

Andrographis (new) 35 5 1183
Powdered Andrographis (new) 35 5 1184
Powdered Andrographis Extract (new) 35 5 1186
Arginine Capsules—Disintegration and Dissolution

of Dietary Supplements
36 1 147
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Arginine Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 147

Ashwagandha (new) 35 4 885
Powdered Ashwagandha (new) 35 4 886
Powdered Ashwagandha Extract (new) 35 4 888
Boswellia Serrata (new) 35 4 890
Boswellia Serrata Extract (new) 35 4 891
Calcium with Vitamin D Tablets—Disintegration and Dissolution

of Dietary Supplements
35 6 1486

Calcium and Vitamin D with Minerals Tablets—
Assay for calcium; Assay for copper;
Assay for magnesium; Assay for manganese;
Assay for zinc; Assay for calcium, copper, magnesium,
manganese, and zinc, Method 2 (add)

34 6 1491

Cat’s Claw Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 148

Cat’s Claw Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 149

Black Cohosh Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 150

Crypthecodinium cohnii Oil (new) 35 4 892
Crypthecodinium cohnii Oil Capsules (new) 35 5 1187
Fish Oil Containing Omega-3 Acids Capsules—Disintegration

and Dissolution of Dietary Supplements
36 1 152

Ginger Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 155

American Ginseng Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 157

American Ginseng Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 159

Asian Ginseng Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 160

Grape Seeds Oligomeric Proanthocyanidins (new) 34 3 659
Maleic Acid—Identification 31 3 815
Maltose—Water 31 3 815
Minerals Capsules—Definition, Assay for calcium;

Assay for chromium; Assay for iron;
Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1493

Minerals Tablets—Definition, Assay for calcium; Assay for chromium;
Assay for copper; Assay for iron; Assay for magnesium;
Assay for manganese; Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1495

Olive Oil—Definition, Labeling (add), Teaseed oil 31 3 815
Omega-3 Acid Ethyl Esters (new) 35 5 1190
Phenoxyethanol—Chromatographic purity, Assay 31 3 816
Polyethylene Glycol (new)—Harmonization 31 3 897
Polyoxyl 10 Oleyl Ether—Free ethylene oxide 31 3 816
Polyoxyl 20 Oleyl Cetostearyl Ether—Free ethylene oxide 31 3 817
Pygeum Capsules—Disintegration and Dissolution

of Dietary Supplements, Rupture Test
36 1 162

Saw Palmetto Capsules—Disintegration and Dissolution
of Dietary Supplements, Rupture Test (delete)

36 1 163

Schizochytrium Oil (new) 35 4 894
Schizochytrium Oil Capsules (new) 35 5 1192
Sodium Benzoate—USP Reference standards (add),

Identification
31 3 818

Soy Isoflavones Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 165

Soy Isoflavones Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 167

Sucrose (new)—Harmonization 31 3 902
Sugar Spheres—Identification, Specific rotation 31 3 819
Tagatose (new) 31 3 819
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Thymol—USP Reference standards (add), Identification 31 3 821
Tumeric (new) 33 6 1229
Powdered Tumeric (new) 33 6 1232
Powdered Tumeric Extract (new) 33 6 1232
Ubidecarenone—USP Reference standards, Assay 31 1 86
Valerian Capsules (new) 27 1 1825
Valerian Tablets—Disintegration and Dissolution

of Dietary Supplements
36 1 169

Vinpocetine (new) 35 5 1195
Vitamin A Oral Liquid Preparation (new) 35 3 596
Oil-Soluble Vitamins Capsules—Disintegration

and Dissolution of Dietary Supplements
36 1 169

Oil-Soluble Vitamins Tablets—Disintegration
and Dissolution of Dietary Supplements

36 1 176

Oil- and Water-Soluble Vitamins with Minerals Capsules—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1499

Oil- and Water-Soluble Vitamins with Minerals Tablets—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1500

Water-Soluble Vitamins with Minerals Capsules—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1505

Water-Soluble Vitamins with Minerals Tablets—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1507

Xanthan Gum—Assay 31 3 821
Zinc Gluconate Tablets (new) 35 3 597

USP General Test Chapters
h1i Injections—Packaging—Volume in Container, Labeling

on Ferrules and Cap Overseals; Foreign and
Particulate Matter

36 1 194

h3i Topical and Transdermal Drug Products—Product Quality
Tests (new)

35 3 602

h11i USP Reference Standards 31 6 1680
32 4 1161
33 1 95
33 5 981
34 3 680
34 4 1021
34 5 1230
34 6 1531
35 1 144
35 2 330
35 3 612
35 4 913
35 5 1217

h11i USP Reference Standards (entire chapter revised) 35 6 1507
h11i USP Reference Standards—Stage 6 Harmonization 35 4 1022
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h41i Weights and Balances—Introduction, Repeatability,
Verification of Accuracy, Calibration Check

35 2 331

h63i Mycoplasma Tests (new) 35 1 146
h90i Fetal Bovine Serum—Quality Attributes and

Functionality Tests (new)
35 5 1219

h92i Growth Factors and Cytokines Used in Cell Therapy
Manufacturing (new)

35 4 915

h111i Design and Analysis of Biological Assays (entire chapter
revised)

34 3 685

h121i Insulin Assays—Appendix (add) 30 5 1675
h223i Dimethylaniline—Chromatographic System, Procedure 35 1 156
h228i Ethylene Oxide and Dioxane (new) 35 4 917
h231i Heavy Metals—Method II 32 1 182
h232i Elemental Impurities—Limits (new) 36 1 197
h233i Elemental Impurities—Procedures (new) 36 1 201
h331i Amphetamine Assay (entire chapter deleted) 35 4 920
h345i Assay for Citric Acid/Citrate and Phosphate (new) 31 2 514
h381i Elastomeric Closures for Injections—Introduction 35 5 1225
h413i Impurities Testing in Medical Gases (new) 35 4 920
h415i Medical Gases Assay (new) 35 4 921
h467i Residual Solvents—Identification, Control, and Quantification

of Residual Solvents
35 2 334

h521i Sulfonamides (entire chapter deleted) 35 6 1515
h525i Sulfur Dioxide—Method IV (add), Method V (add) 35 2 341
h561i Articles of Botanical Origin—Sampling, Test for Aflatoxins,

General Method for Pesticide Residues Analysis,
Test for Pesticides

36 1 207

h621i Chromatography (entire chapter revised) 35 6 1516
h645i Water Conductivity—Introduction, Instrument Specifications

and Operating Parameters, Bulk Water, Packaged Water
35 5 1226

h670i Containers—Auxiliary Packaging Components (new) 34 6 1533
h725i Topical and Transdermal Drug Products—Product

Performance Tests (new)
35 3 615

h727i Capillary Electrophoresis (entire chapter deleted) 36 1 218
h729i Globule Size Distribution in Lipid Injectable Emulsions—

Introduction, Method II—Measurement of Large Globule
Content by Light Obscuration or Extinction Method

36 1 223

h741i Melting Range or Temperature—Introduction;
Procedure for Class I, Apparatus II; Procedure for Class Ia,
Apparatus II (add); Procedure for Class Ib, Apparatus II (add)

35 4 925

h788i Particulate Matter in Injections—Introduction 35 3 628
h795i Pharmaceutical Compounding—Nonsterile Preparations

(entire chapter revised)
35 4 926

h797i Pharmaceutical Compounding—Sterile Preparations—
Environmental Monitoring (add)

32 3 852

h857i Ultraviolet-Visible Spectroscopy (new) 34 5 1282
h891i Thermal Analysis—Stage 4 Harmonization 36 1 289
h911i Viscosity (entire chapter revised) 34 6 1536
h912i Non-Newtonian Rheology (new) 34 6 1541
h921i Water Determination—Method I (Titrimetric) 35 2 346

General Information Chapters
h1024i Bovine Serum (new) 35 3 628
h1033i Biological Assay Validation (new) 35 2 349
h1053i Biotechnology-Derived Articles—Capillary Electrophoresis

(chapter renamed)
36 1 225

h1059i Excipient Performance (new) 35 5 1228
h1066i Physical Environments that Promote Safe Medication

Use (new)
34 6 1549

h1070i Emergency Medical Services Vehicles and Ambulances—
Storage of Preparations (entire chapter deleted)

36 1 225

h1072i Disinfectants and Antiseptics—Classification of Disinfectants,
Selection of a Disinfectant for Use in a Pharmaceutical Manufacturing
Environment, Theoretical Discussion of Disinfectant Activity,
Mechanism of Disinfectant Activity, Microbial Resistance to
Disinfectants, Disinfectant Challenge Testing, Disinfectants
in a Cleaning and Sanitization Program

35 5 1250

h1075i Good Compounding Practices (delete entire chapter) 35 4 942
h1079i Good Storage and Shipping Practices (chapter renamed;

entire chapter revised)
36 1 226

h1082i Genotoxicity Testing (new) 30 1 264
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h1086i Impurities in Official Articles—Introduction, Initial IND Filing
(delete), Drug Substance (add), NDA Filing (delete),
Drug Product (add), Post-NDA Approval (delete),
ANDA Filing (delete), Definitions

35 5 1254

h1097i Bulk Powder Sampling Procedures (new) 35 2 367
h1113i Microbial Identification (new) 35 1 167
h1117i Microbiological Best Laboratory Practices—

Introduction, Media Preparation and Quality Control,
Maintenance of Microbiological Cultures, Maintenance of
Laboratory Equipment, Laboratory Layout and Operations,
Sample Handling (add), Microbiological Media
Incubation Times (add), Training of Personnel, Laboratory
Resources (add), Documentation, Maintenance of
Laboratory Records, Interpretation of Assay Results

35 4 945

h1121i Nomenclature—Monograph Naming Policy for Salt Drug
Substances in Drug Products and Compounded Preparations

35 6 1529

h1151i Pharmaceutical Dosage Forms (entire chapter revised) 35 5 1260
h1160i Pharmaceutical Calculations in Prescription

Compounding—Basic Pharmaceutical Calculations
31 3 847

h1163i Quality Assurance in Pharmaceutical Compounding
(entire chapter revised)

36 1 247

h1180i Human Plasma (new) 35 2 388
h1211i Sterilization and Sterility Assurance of Compendial Articles—

Introduction; Methods of Sterilization; Sterility Testing of Lots;
Performance, Observation, and Interpretation (delete)

35 4 952

h1225i Validation of Compendial Procedures—Validation 35 2 444
h1230i Water for Health Applications—Water for Hemodialysis,

Microbial Considerations
35 6 1531

h1231i Water for Pharmaceutical Purposes—Introduction,
Types of Water, Chemical Considerations

35 5 1310

h1232i Instrumentation for Analysis of High Purity Pharmaceutical
Waters (new)

30 5 1806

h1235i Vaccines for Human Use—General Considerations (new) 35 4 960
h1788i Methods for the Determination of Particulate Matter in

Parenteral Injections and Ophthalmic Solutions (new)
35 6 1533

Dietary Supplements Chapters
h2030i Supplemental Information for Articles of Botanical Origin—

Protocol Contents, Supplemental Information and General Guidance
Protocols

35 6 1551

h2040i Disintegration and Dissolution of Dietary Supplements—
Disintegration, Dissolution

35 6 1561

h2232i Elemental Contaminants in Dietary Supplements (new) 36 1 258
h2750i Manufacturing Practices for Dietary Supplements—

Introduction (delete); General Provisions (add); Organization and
Personnel; Grounds, Buildings, and Facilities; Equipment;
Raw Materials, Product Containers, and Closures; Production and
Process Controls; Labeling and Packaging; Quality Control Opera
tions; Records and Reports; Returned and Salvaged Products; Glos
sary

35 5 1319

Reagents, Indicators, and Solutions
Reagents, Indicators, and Solutions—Introduction 35 1 176
Alcohol 35 1 177
Ammonium Bicarbonate (new) 35 6 1567
Ammonium Molybdate 35 1 177
t-Butylthiol (new) 35 3 648
Calcium Acetate 35 4 990
2-Chloroethanol (new) 35 6 1567
Chromotropic Acid 35 1 177
Chromotropic Acid Disodium Salt 35 1 177
Alpha-Chymotrypsin (new) 35 6 1567
Cobalt Chloride 35 5 1339
Cobalt Nitrate 35 3 648
Diaveridine 35 3 648
1,3-Dicaffeoylquinic Acid (new) 35 4 990
4’4-Dipyridyl Dihydrochloride 33 5 1047
Glycolic Acid 35 6 1567
Heptyl p-Hydroxybenzoate (new) 35 2 460
Hydrobomic Acid (new) 36 1 267
Lead Acetate Cotton (new) 35 6 1568
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Mercuric Bromide Test Paper 35 6 1568
Metanil Yellow (new) 36 1 267
(R)-(+)-alpha-Methylbenzyl Isocyanate (new) 36 1 267
Methyl Red 35 4 990
p-Naphtholbenzein 35 3 648
Nitrogen Certified Standard (new) 35 4 990
Nonoxynol-9 (new) 36 1 267
Oxygen Certified Standard (new) 35 5 1339
93.0% Oxygen Certified Standard (new) 35 4 991
Oxygen in Nitrogen Certified Standard (new) 35 4 991
3.0% Oxygen in Nitrogen Certified Standard (new) 35 4 991
21.0% Oxygen in Nitrogen Certified Standard (new) 35 4 991
Oxygen–Helium Certified Standard (delete) 35 4 991
Pectate Lysate (new) 35 2 460
Phosphorous Acid (new) 35 1 178
Potassium Arsenate Monobasic (new) 35 6 1568
Potassium Metabisulfite (new) 35 1 178
Potassium Sodium Tartrate 35 1 178
Sodium Acetate 35 2 461
Sodium Biphenyl 35 3 648
Sodium 1-Pentanesulfonate 36 1 268
Sodium 1-Pentanesulfonate, Anhydrous (new) 36 1 268
Stannous Chloride 35 3 649
Sulfuric Acid, Nitrogen Free (new) 35 3 649
Tetramethylbenzidine (new) 35 5 1339
Delta-8-tetrahydrocannabinol (new) 35 4 991
Zinc, Activated (new) 35 6 1568

Test Solutions
Acetic Acid, Glacial, TS 35 1 179
Denatured Alcoholic TS (new) 35 1 179
Cupric Citrate TS 2, Alkaline 35 1 179
Lead Subacetate TS 35 5 1339
Dibasic Sodium Phosphate TS 35 3 649
Starch TS 35 5 1340

Volumetric Solutions
Hydrochloric Acid, Normal (1 N) 35 1 180
Hydrochloric Acid, Half-Normal (0.5 N) 35 1 180
Hydrochloric Acid, Half-Normal (0.5 N) in Methanol 35 1 180
Perchloric Acid, Tenth-Normal (0.1 N) in Dioxane 35 1 180
Perchloric Acid, Tenth-Normal (0.1 N) in Glacial Acetic Acid 35 1 181

Chromatographc Columns
Chromatographic Columns—Packings 35 1 182
L## (Emtricitabine, Chirobiotic V) (new) 35 5 1340

Reference Tables
Container Specifications for Capsules and Tablets 36 1 269
Description and Solubility 29 1 266

34 3 817
34 4 1046
34 6 1565
35 1 188
35 2 464
35 3 651
35 4 993
35 5 1343
35 6 1571
36 1 271

Description and Solubility—Stage 6 Harmonization 35 4 1022
Atomic Weights—Standard Atomic Weights of the Elements 35 1 189

Excipients
USP and NF Excipients, Listed by Category 36 1 183
USP and NF Excipients, Listed by Category—Stage 6 Harmonization 35 4 1017

NF General Notices and Requirements—Title (delete),
‘‘Official’’ and ‘‘Official Articles’’ (delete),
Storage under Nonspecific Conditions (delete),
Other General Notices (delete)

34 1 119
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NF Monographs
Acetyltributyl Citrate—Assay, Acidity 35 6 1495
Agar—CAS number (add), Definition, Botanic characteristics,

Packaging and storage (add), USP Reference standards (add),
Identification, Microbial limits, Limit of foreign insoluble matter

33 4 702

Alpha-Lactalbumin (new) 34 3 670
Aluminum Oxide (new) 36 1 190
Amylene Hydrate—Identification A, B, C (delete) 35 4 903
Benzalkonium Chloride—Identification A, Assay—Procedure 1,

Procedure 2, Organic Impurities—Procedure 1, Procedure 2,
USP Reference Standards

35 6 1496

Benzalkonium Chloride Solution—Definition, Identification A, D
(add), Assay—Procedure 1, Procedure 2, Alcohol Content (add),
Organic Impurities—Procedure 1 (add), Procedure 2 (add),
Acidity or Alkalinity (add), Alcohol Determination (delete),
Limit of Foreign Amines (delete), Labeling (add),
USP Reference Standards

35 6 1499

Butylated Hydroxyanisole—Identification A, B (add), Assay 35 6 1503
Butyl Stearate (new) 35 6 1502
Calcium Propionate (new) 34 6 1517
Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium (new) 34 6 1519
Chitosan (new) 35 1 115
Corn Syrup (new) 33 6 1240
Cystine (new) 35 1 122
Desoxycholic Acid (new) 34 6 1523
Diethyl Sebacate (new) 35 5 1203
Egg Phospholipids (new) 33 4 703
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion—

Viscosity, Coagulum content
35 1 123

Ethylene Glycol and Vinyl Alcohol Graft Copolymer (new) 35 2 324
Fumaric Acid—Identification 35 3 598
L-Glutamic Acid, Hydrochloride (new) 35 5 1203
Hydrogenated Polydecene (new) 33 3 485
Hydroxypropyl Cellulose—Identification 35 1 124
Hydroxypropyl Cellulose (new)—Stage 4 Harmonization 35 3 672
Lactobionic Acid (new) 35 4 904
Anhydrous Lactose—Stage 4 Harmonization 35 4 1013
Methacrylic Acid Copolymer—Title change, Chemical information

(add), Definition, Identification B, Assay, Organic
Impurities—Procedure: Limit of Monomers, Viscosity,
Packaging and Storage, Labeling

35 4 905

Methacrylic Acid and Ethyl Acrylate Copolymer (new) 35 4 907
Partially-Neutralized Methacrylic Acid and Ethyl Acrylate

Copolymer (new)
35 5 1204

Methacrylic Acid and Methyl Methacrylate Copolymer (new) 35 4 909
Methylacrylic Acid Copolymer Dispersion—Packaging and storage,

Viscosity, Limit of monomers, Coagulum content
35 1 124

Methylpyrrolidone (new) 35 5 1205
Light Mineral Oil—Neutrality 33 5 972
Nitrogen—Identification; Assay; Inorganic Impurities—

Carbon Monoxide, Limit of Oxygen; Odor; Packaging and
Storage; Labeling

35 4 910

Nitrogen 97 Percent—Definition; Identification; Assay; Inorganic
Impurities—Carbon Dioxide, Carbon Monoxide, Sulfur Dioxide,
Limit of Nitric Oxide and Nitrogen Dioxide; Packaging and Storage

35 4 911

Olive Oil—CAS number (add), Definition, Packaging and storage,
Identification (add), Fatty acid composition (add), Specific gravity
(delete), Cottonseed oil (delete), Peanut oil (delete), Sesame oil
(delete), Teaseed oil (delete), Absence of sesame oil (add),
Solidification range of fatty acids (delete), Free fatty acids (delete),
Acid value (add), Peroxide value (add), Unsaponifiable matter
(add), Specific absorbance (add), Iodine value (delete),
Saponification value (delete), Water (add), Alkaline impurities (add),
Sterol composition (add)

35 1 126

Pharmacopeial Forum
Vol. 36(2) [Mar.–Apr. 2010] IN-PROCESS REVISION 593

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision

Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Peanut Oil—CAS number (add), Definition, Labeling (add),
Identification, Specific gravity (delete), Cottonseed oil (delete),
Solidification range of fatty acids (delete), Free fatty acids (delete),
Acid value (add), Peroxide value (add), Iodine value (delete),
Saponification value (delete), Refractive index (delete),
Heavy metals, Water (add), Alkaline impurities (add),
Other requirements (add)

34 6 1525

Poloxamer—Packaging and storage, USP Reference standards (add),
Identification (add), Limit of free ethylene oxide, propylene
oxide, and 1,4-dioxane

33 4 714

Polydextrose—Assay, Organic Impurities—Procedure 2: Limit of
Monomers, Molecular Weight Limit, USP Reference Standards

35 5 1206

Hydrogenated Polydextrose (new) 35 5 1210
Polyethylene Oxide—Chemical structure (add), Definition,

Identification B, Labeling
36 1 191

Polyoxyl 15 Hydroxystearate (new) 35 1 128
Polyoxyl Stearyl Ether—Chemical information, Identification C (add),

Organic Impurities, USP Reference Standards
35 6 1504

Polypropylene Glycol Monolaurate—USP Reference standards,
Identification

34 1 140

Polyvinyl Acetate (new) 34 6 1526
Polyvinyl Acetate Dispersion (new) 35 1 134
Propylene Glycol Dilaurate—Chemical information, Identification A,

Assay
35 3 599

Hydrogenated Starch Hydrolysate (new) 35 1 136
Sucrose Palmitate (new) 35 2 326
Sucrose Stearate (new) 35 2 328
Tagatose (new) 30 5 1672
Tartaric Acid—Identification B, USP Reference Standards (add) 35 5 1212
Tetrafluoroethane (new) 31 6 1672
Triethyl Citrate—Assay, Acidity 35 6 1505

Pharmacopeial Forum
594 IN-PROCESS REVISION Vol. 36(2) [Mar.–Apr. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n

Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



Proposed Revisions and New Text Previously Presented in PF but Now Canceled
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 36(1)–PF 36(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
Cyclosporine Capsules—Where Capsules contain liquid

and are not labeled as modified, Where Capsules are labeled
as modified

27 4 2721

Estradiol Transdermal System—Drug release (add) 33 2 225
Ethinyl Estradiol Tablets—Dissolution (add) 31 4 1067
Heparin Sodium (entire submission) 33 3 238
Mirtazapine Orally Disintegrating Tablets—Related

compounds (add)
33 6 1189

{Nateglinide—Specific rotation (add) 34 6 1463
Permethrin Cream (entire submission) 32 4 1102
Tromethamine—Melting Range or Temperature 35 2 316

USP General Test Chapters
h197i Spectrophotometric Identification Tests

(entire submission)
35 1 152

h851i Spectrophotometry and Light-Scattering
(entire submission)

35 1 157

h853i Fluorescence Spectroscopy (entire submission) 34 5 1252
h854i Mid-Infrared Spectroscopy (entire submission) 34 5 1266
h857i Ultraviolet-Visible Spectroscopy (entire submission) 34 5 1282
h921i Water Determination (entire submission) 34 3 761

USP General Information Chapters
h1251i Weighing on an Analytical Balance

(entire submission)
33 4 756

h1251i Weighing on an Analytical Balance—Introduction,
Qualification, Operation of the Analytical Balance

35 2 448

h1251i Weighing on an Analytical Balance—Introduction 34 3 798

{New cancellations in PF 36(2).
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STAGE 4 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). Stage
4 drafts are available for comments. Below are descriptions of the developmental Stages as defined by the United States
Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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STAGE 6 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). This
section includes Stage 6 adopted text which is provided for information. USP cannot incorporate public comments at
Stage 6 without consulting PDG partners. Below are descriptions of the developmental Stages as defined by the United
States Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an
Expert Committee publishes an article on which they are specifically seeking comment, this will be clearly stated in the
article. Readers may submit comments on issues raised in this section, but comment is not as critical as that for the In-
Process Revision section. Readers interested in submitting comments should see Instructions to Authors.
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other
commentaries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Phar-
macopeial Forum under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understand-
ing that they have not been published previously in any language or medium and that they are not simultaneously
under consideration by any other publication.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and
if accepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of
the USP Convention (USPC) and may not be subsequently published elsewhere without written permission from the
USPC. Authors are also responsible for obtaining permission for reprinting any illustrations that have been published
elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the
article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage
(numbers, abbreviations, etc.). For the latter, authors should use the current AMA Manual of Style or the current
ACS Style Guide. Authors may usefully consult a current copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of
Medicine’s Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer
examples of reference formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for
publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding
author. This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the
Scientific Liaison if they would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the
electronic file. Submit the text in Microsoft1 Word or another current word-processing application. The preferred
format for graphics submitted electronically is tagged image file format (TIFF). Photocopies are not acceptable.
Manuscripts submitted for publication should be addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852

STIMULI TO THE REVISION PROCESS
Pharmacopeial ForumStimuli articles do not necessarily reflect the policies

Vol. 36(2) [Mar.–Apr. 2010]of the USPC or the USP Council of Experts602
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that
incorporate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Pro-
posed and Recommended International Nonproprietary Names (INN) when they have been announced by the World
Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on
how nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomen-
clature issues that also occasionally report on related matters pertaining to USAN and INN.
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INDEX
This is a cumulative directory for the content of all issues of PF beginning with PF 36(1).

Index



[Note—This index covers Vol. 36 No. 1, pp. 1–335, and Vol.
36 No.2, pp. 337-608.]

GENERAL NOTICES
General Notices to USP–NF . . . . . . . . . . . . . . . . . . . 56

MONOGRAPHS
Acitretin Capsules (USP) . . . . . . . . . . . . . . . . . . . . . 33
Ademetionine Disulfate Tosylate (USP) . . . . . . . . . . . . . 438
S-Adenosyl-L-methionine Disulfate (USP) . . . . . . . . . . . . 438
Aluminum Oxide (NF) . . . . . . . . . . . . . . . . . . . . . . 190
Amifostine (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . 62
Amifostine for Injection (USP) . . . . . . . . . . . . . . . . . . 63
Amlodipine Besylate Tablets (USP) . . . . . . . . . . . . . . . 376
Amoxicillin (USP) . . . . . . . . . . . . . . . . . . . . . . . . . 66
Amphetamine Sulfate (USP) . . . . . . . . . . . . . . . . . . . 68
Arginine Capsules (USP) . . . . . . . . . . . . . . . . . . . . . 147
Arginine Tablets (USP) . . . . . . . . . . . . . . . . . . . . . . 147
Artemether (USP) . . . . . . . . . . . . . . . . . . . . . . . . . 377
Artemether and Lumefantrine Tablets (USP) . . . . . . . . . 379
Ascorbyl Palmitate (NF) . . . . . . . . . . . . . . . . . . . . . . 447
Azithromycin (USP) . . . . . . . . . . . . . . . . . . . . . . . . 70
Benzalkonium Chloride (USP erratum) . . . . . . . . . . . . . 37
Hydrous Benzoyl Peroxide (USP) . . . . . . . . . . . . . . . . 382
Betadex Sulfobutyl Ether Sodium (NF) . . . . . . . . . . . . . 447
Bupropion Hydrochloride (USP) . . . . . . . . . . . . . . . . . 383
Bupropion Hydrochloride (USP erratum) . . . . . . . . . . . 37
Buspirone Hydrochloride (USP) . . . . . . . . . . . . . . . . . 74
Cabergoline (USP) . . . . . . . . . . . . . . . . . . . . . . . . . 75
Cat’s Claw Capsules (USP) . . . . . . . . . . . . . . . . . . . . 148
Cat’s Claw Tablets (USP) . . . . . . . . . . . . . . . . . . . . . 149
Cefadroxil for Oral Suspension (USP) . . . . . . . . . . . . . . 385
Cefdinir Capsules (USP) . . . . . . . . . . . . . . . . . . . . . . 386
Cefepime Hydrochloride (USP) . . . . . . . . . . . . . . . . . 76
Cefepime for Injection (USP) . . . . . . . . . . . . . . . . . . . 79
Cephalexin (USP) . . . . . . . . . . . . . . . . . . . . . . . . . 41
Cephalexin Hydrochloride (USP) . . . . . . . . . . . . . . . . 42
Cephalexin Capsules (USP) . . . . . . . . . . . . . . . . . . . . 44
Cephalexin for Oral Suspension (USP) . . . . . . . . . . . . . 45
Cephalexin Tablets (USP) . . . . . . . . . . . . . . . . . . . . . 46
Cephalexin Tablets for Oral Suspension (USP) . . . . . . . . 47
Cetirizine Hydrochloride and Pseudoephedrine Hydrochloride

Extended-Release Tablets (USP) . . . . . . . . . . . . . . . . 82
Cetirizine Hydrochloride Tablets (USP) . . . . . . . . . . . . . 389
Chlorhexidine Acetate (USP) . . . . . . . . . . . . . . . . . . . 85
Chlorhexidine Acetate Topical Solution (USP) . . . . . . . . . 87
Chlorhexidine Gluconate Solution (USP) . . . . . . . . . . . . 88
Chlorhexidine Gluconate Solution (USP erratum) . . . . . . 35
Chlorhexidine Gluconate Topical Solution (USP) . . . . . . . 90
Chlorhexidine Hydrochloride (USP) . . . . . . . . . . . . . . . 91
Cloprostenol Injection (USP erratum) . . . . . . . . . . . . . 35
Cod Liver Oil (USP erratum) . . . . . . . . . . . . . . . . . . . 35, 37
Black Cohosh Tablets (USP) . . . . . . . . . . . . . . . . . . . 150
Desflurane (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Divalproex Sodium Delayed-Release Capsules (USP) . . . . . 390
Divalproex Sodium Extended-Release Tablets (USP) . . . . . 391
Docusate Sodium (USP) . . . . . . . . . . . . . . . . . . . . . 33
Donepezil Hydrochloride (USP) . . . . . . . . . . . . . . . . . 97
Drospirenone (USP) . . . . . . . . . . . . . . . . . . . . . . . . 394
Ecamsule Solution (USP erratum) . . . . . . . . . . . . . . . . 36, 37
Entacapone (USP) . . . . . . . . . . . . . . . . . . . . . . . . . 396
Ethambutol Hydrochloride (USP) . . . . . . . . . . . . . . . . 98
Fentanyl Transdermal System (USP) . . . . . . . . . . . . . . 397
Fish Oil Containing Omega-3 Acids Capsules (USP) . . . . . 152
Flecainide Acetate Oral Suspension (USP) . . . . . . . . . . . 401
Fludarabine Phosphate Injection (USP) . . . . . . . . . . . . . 402
Fosfomycin Tromethamine (USP) . . . . . . . . . . . . . . . . 404
Gadodiamide Injection (USP) . . . . . . . . . . . . . . . . . . 99
Galantamine Hydrobromide (USP) . . . . . . . . . . . . . . . 100
Ginger Capsules (USP) . . . . . . . . . . . . . . . . . . . . . . 155
American Ginseng Capsules (USP) . . . . . . . . . . . . . . . 157
American Ginseng Tablets (USP) . . . . . . . . . . . . . . . . 159
Asian Ginseng Tablets (USP) . . . . . . . . . . . . . . . . . . . 160
Hydrochlorothiazide Capsules (USP) . . . . . . . . . . . . . . 405
Indinavir Sulfate (USP) . . . . . . . . . . . . . . . . . . . . . . 406
Iodixanol Injection (USP) . . . . . . . . . . . . . . . . . . . . . 103

Iohexol Injection (USP) . . . . . . . . . . . . . . . . . . . . . . 106
Irbesartan and Hydrochlorothiazide Tablets (USP) . . . . . .108, 409
Lamotrigine Tablets (USP) . . . . . . . . . . . . . . . . . . . . 110
Letrozole (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . 111
Letrozole Tablets (USP) . . . . . . . . . . . . . . . . . . . . . . 113
Leuprolide Acetate (USP) . . . . . . . . . . . . . . . . . . . . . 49
Levetiracetam Tablets (USP) . . . . . . . . . . . . . . . . . . . 115
Levocabastine Hydrochloride (USP) . . . . . . . . . . . . . . . 116
Levonorgestrel and Ethinyl Estradiol Tablets (USP) . . . . . . 117
Alpha Lipoic Acid Capsules (USP) . . . . . . . . . . . . . . . . 145
Alpha Lipoic Acid Tablets (USP) . . . . . . . . . . . . . . . . . 146
Losartan Potassium Tablets (USP) . . . . . . . . . . . . . . . . 411
Lumefantrine (USP) . . . . . . . . . . . . . . . . . . . . . . . . 413
Methylphenidate Hydrochloride (USP) . . . . . . . . . . . . . 119
Midodrine Hydrochloride (USP) . . . . . . . . . . . . . . . . . 414
Midodrine Hydrochloride Tablets (USP) . . . . . . . . . . . . 415
Milbemycin Oxime (USP) . . . . . . . . . . . . . . . . . . . . 417
Minocycline Hydrochloride (USP) . . . . . . . . . . . . . . . . 418
Minocycline Periodontal System (USP) . . . . . . . . . . . . . 420
Mirtazapine Orally Disintegrating Tablets (USP erratum) . . 35
Montelukast Sodium (USP) . . . . . . . . . . . . . . . . . . . 121
Morphine Sulfate Extended-Release Capsules (USP) . . . . . 422
Diluted Nitroglycerin (USP) . . . . . . . . . . . . . . . . . . . 123
Nortriptyline Hydrochloride Capsules (USP erratum) . . . . 369
Nortriptyline Hydrochloride Oral Solution (USP erratum) . . 369
Olanzapine and Fluoxetine Capsules (USP) . . . . . . . . . . 423
Orbifloxacin (USP erratum) . . . . . . . . . . . . . . . . . . . 35
Oseltamivir Phosphate (USP) . . . . . . . . . . . . . . . . . . 124
Pentobarbital Oral Solution (USP) . . . . . . . . . . . . . . . . 425
Pentobarbital Sodium Capsules (USP) . . . . . . . . . . . . . 426
Pioglitazone Hydrochloride (USP) . . . . . . . . . . . . . . . . 126
Pioglitazone Tablets (USP) . . . . . . . . . . . . . . . . . . . . 128
Polyethylene Oxide (NF) . . . . . . . . . . . . . . . . . . . . . 191
Polyglyceryl 3 Diisostearate (NF) . . . . . . . . . . . . . . . . 451
Polyvinyl Alcohol (USP erratum) . . . . . . . . . . . . . . . . . 37
Propafenone Hydrochloride (USP) . . . . . . . . . . . . . . . 129
Propranolol Hydrochloride Extended-Release Capsules (USP) 33
Pygeum Capsules (USP) . . . . . . . . . . . . . . . . . . . . . 162
Raloxifene Hydrochloride Tablets (USP) . . . . . . . . . . . . 427
Repaglinide (USP) . . . . . . . . . . . . . . . . . . . . . . . . . 428
Rivastigmine Tartrate Capsules (USP) . . . . . . . . . . . . . . 131
Rizatriptan Benzoate (USP) . . . . . . . . . . . . . . . . . . . . 132
Ropinirole Hydrochloride (USP) . . . . . . . . . . . . . . . . . 133
Ropivacaine Hydrochloride (USP) . . . . . . . . . . . . . . . . 135
Saw Palmetto Capsules (USP) . . . . . . . . . . . . . . . . . . 163
Secobarbital Oral Solution (USP) . . . . . . . . . . . . . . . . 430
Sertraline Tablets (USP) . . . . . . . . . . . . . . . . . . . . . . 138
Sevoflurane (USP) . . . . . . . . . . . . . . . . . . . . . . . . . 139
Sodium Acetate (USP) . . . . . . . . . . . . . . . . . . . . . . 430
Bacteriostatic Sodium Chloride Injection (USP) . . . . . . . . 431
Soy Isoflavones Capsules (USP) . . . . . . . . . . . . . . . . . 165
Soy Isoflavones Tablets (USP) . . . . . . . . . . . . . . . . . . 167
Spironolactone (USP) . . . . . . . . . . . . . . . . . . . . . . . 141
Succinic Acid (NF) . . . . . . . . . . . . . . . . . . . . . . . . . 453
Succinylcholine Chloride (USP erratum) . . . . . . . . . . . . 35, 37
Terbinafine Tablets (USP) . . . . . . . . . . . . . . . . . . . . . 142
Theophylline Oral Suspension (USP) . . . . . . . . . . . . . . 432
Topiramate (USP) . . . . . . . . . . . . . . . . . . . . . . . . . 433
Valerian Tablets (USP) . . . . . . . . . . . . . . . . . . . . . . . 169
Oil-Soluble Vitamins Capsules (USP) . . . . . . . . . . . . . . 169
Oil-Soluble Vitamins Tablets (USP) . . . . . . . . . . . . . . . 176
Water for Injection (USP) . . . . . . . . . . . . . . . . . . . . . 144
Zonisamide Capsules (USP) . . . . . . . . . . . . . . . . . . . 436

EXCIPIENTS
Excipients, USP and NF Excipients, Listed By Category (NF) 183, 440

GENERAL CHAPTERS
Analytical Data—Interpretation and Treatment h1010i (USP) 483
Applications of Nuclear Magnetic Resonance Spectroscopy
h1761i (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . 539

Articles of Botanical Origin h561i (USP) . . . . . . . . . . . . 207
Biotechnology-Derived Articles—Capillary Electrophoresis
h1053i (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . 225

Capillary Electrophoresis h727i (USP) . . . . . . . . . . . . . 218

Pharmacopeial Forum
606 INDEX Vol. 36(2) [Mar.–Apr. 2010]

#2009 The United States Pharmacopeial Convention All Rights Reserved.

In
de

x



Disintegration and Dissolution of Dietary Supplements h2040i
(USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 567
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Chromatographic Columns Used in USP–NF and
Pharmacopeial Forum

Mar.–Apr. 2010

BETADEX SULFOBUTYL ETHER SODIUM (DSD Mgh #8743)
PF LGS# Reagent Brand Type of Test Comments

36(2) L37 PolySep-GFC-
P3000

Assay 7.8 mm 6 30 cm. Manufacturer: Phenomenex

36(2) G46 BP10 Limit of . . . . . . . . . Limit of 1,4-Butane Sulfone. 0.32 mm 6 25 m, 0.5 mm.
Manufacturer: SGE Analytical Science

36(2) L50 OmniPac PAX-100 Limit of . . . . . . . . . Limit of Sodium Chloride. 4.0 mm 6 25 cm. Manu-
facturer: Dionex

36(2) L61 Ion Pac AS-11 Limit of . . . . . . . . . Limit of Beta Cyclodextrin (Betadex), 4-Hydroxybu-
tane-1-Sulfonic Acid, Bis(4-Sulfobutyl) Ether Disodium.
Analytical column: 4.0 mm 6 25 cm. Guard column

IonPac AG11. Manufacturer: Dionex

BISACODYL DELAYED-RELEASE TABLETS (DSD Mgh #9695)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 MicroBondapak
C18

Assay Analytical column. 3.9 mm 6 30 cm. Guard column
Bondapak C18. Manufacturer: Waters Corp.

BISACODYL SUPPOSITORIES (DSD Mgh #9685)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 MicroBondapak
C18

Assay Analytical column: 3.9 mm 6 30 cm. Guard column
Bondapak C18. Manufacturer: Waters Corp.

CLAVULANATE POTASSIUM (DSD Mgh #18000)
PF LGS# Reagent Brand Type of Test Comments

0(0) G41 OV-3 Limit of . . . . . . . . . Limit of Aliphatic Amines. Alternative columns DB-5
(Agilent/J&W Scientific), SE52 (Restek, Supelco), 0.53

mm 6 50 m, 5 mm. All these columns also can be
classified as G27 and G36. Manufacturer: Supelco, Inc.

CLONAZEPAM TABLETS (DSD Mgh #18570)
PF LGS# Reagent Brand Type of Test Comments

24(2) L7 ZORBAX RX-C8 Assay and Related
compounds

4.6 mm 6 15 cm. Manufacturer: Agilent Technologies

DIVALPROEX SODIUM DELAYED-RELEASE CAPSULES (DSD Mgh #27754)
PF LGS# Reagent Brand Type of Test Comments

36(2) L1 Inertsil ODS-3V Assay, Identification,
Dissolution, Uniformity

of dosage units

4.6 mm 6 15 cm, 5 mm. Manufacturer: GL Sciences

DIVALPROEX SODIUM EXTENDED-RELEASE TABLETS (DSD Mgh #826)
PF LGS# Reagent Brand Type of Test Comments

36(2) L11 Nova-Pak Phenyl Assay and Uniformity of
dosage units

3.9 mm 6 15 cm, 4 mm. Manufacturer: Waters Corp

36(2) L7 ZORBAX Eclipse
XDB-C8

Dissolution Dissolution Test 2. 4.6 mm 6 15 cm. Manufacturer:
Agilent

36(2) L11 MicroBondapak
Phenyl

Dissolution Dissolution Test 1. 3.9 mm 6 15 cm, 10 mm. Alterna-
tive columns NovaPak Phenyl, same dimensions, 4 mm,
XTerra Phenyl, same dimensions, 5 mm. Manufacturer:

Waters Corp

Pharmacopeial Forum
Vol. 36(2) [Mar.–Apr. 2010] CHROMATOGRAPHIC COLUMNS 3

#2010 The United States Pharmacopeial Convention All Rights Reserved.

C
hrom

atographic
C

olum
ns



DONEPEZIL HYDROCHLORIDE ORALLY DISINTEGRATING TABLETS (DSD Mgh #4828)
PF LGS# Reagent Brand Type of Test Comments

35(6) L1 Inertsil ODS-2 Assay, Dissolution, and
Organic Impurities

4.6 mm 6 15 cm, 5 mm. Manufacturer: GL Sciences

DONEPEZIL HYDROCHLORIDE TABLETS (DSD Mgh #2648)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Inertsil ODS-2 Assay, Dissolution, and
Organic Impurities

4.6 mm 6 15 cm, 5 mm. Manufacturer: GL Sciences

DROSPIRENONE (DSD Mgh #28560)
PF LGS# Reagent Brand Type of Test Comments

36(2) L1 YMC-Pack Pro
C18

Organic Impurities 4.6 mm 6 25 cm, 3 mm. Manufacturer: YMC Co., Inc.

ENTACAPONE (DSD Mgh #29306)
PF LGS# Reagent Brand Type of Test Comments

36(2) L11 XTerra Phenyl Assay and Organic
Impurities

4.6 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp

FENTANYL TRANSDERMAL SYSTEM (DSD Mgh #32765)
PF LGS# Reagent Brand Type of Test Comments

36(2) L1 Microsorb C18 Content of . . . . . . . . Content of Alcohol. 4.6 mm 6 15 cm, 5 mm. Manu-
facturer: Varian Inc.

36(2) L7 SymmetryShield
RP8

Organic Impurities 4.6 mm 6 15 cm, 3.5 mm. Manufacturer: Waters Corp.

FOSFOMYCIN TROMETHAMINE (DSD Mgh #34312)
PF LGS# Reagent Brand Type of Test Comments

36(2) L8 ZORBAX NH2 Assay and Organic
Impurities

4.6 mm 6 25 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

HYDROCHLOROTHIAZIDE CAPSULES (DSD Mgh #37943)
PF LGS# Reagent Brand Type of Test Comments

36(2) L1 Symmetry C-18 Assay and Organic
Impurities

4.6 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp.

LOPINAVIR (DSD Mgh #45872)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 J’Sphere ODS-H80 Assay and Organic
Impurities

4.6 mm 6 25 cm, 4 mm. Manufacturer: YMC Co., Inc.

METHYLPHENIDATE HYDROCHLORIDE (DSD Mgh #52700)
PF LGS# Reagent Brand Type of Test Comments

36(1) L7 Symmetry C8 Organic Impurities Procedure 2. 3.9 mm 6 15 cm, 5 mm. Manufacturer:
Waters Corp.

36(1) L1 Symmetry C-18 Assay and Organic
Impurities

Organic Impurities, Procedure 1. 4.6 mm 6 25 cm, 5
mm. Manufacturer: Waters Corp.

MIDODRINE HYDROCHLORIDE (DSD Mgh #54047)
PF LGS# Reagent Brand Type of Test Comments

36(2) L1 Prodigy ODS Assay and Organic
Impurities

4.6 mm 6 15 cm, 5 mm. Manufacturer: Phenomenex

MIDODRINE HYDROCHLORIDE TABLETS (DSD Mgh #54049)
PF LGS# Reagent Brand Type of Test Comments

36(2) L1 Prodigy ODS (3) Assay, Dissolution, and
Organic Impurities

4.6 mm 6 15 cm, 5 mm. Manufacturer: Phenomenex
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MILBEMYCIN OXIME (DSD Mgh #54055)
PF LGS# Reagent Brand Type of Test Comments

36(2) L1 Nova-Pak C18 Assay and Organic
Impurities

3.9 mm 6 15 cm, 4 mm. Manufacturer: Waters Corp.

ZIDOVUDINE TABLETS (DSD Mgh #89520)
PF LGS# Reagent Brand Type of Test Comments

25(3) L1 Hypersil BDS C-18 Uniformity of dosage
units

4.6 mm 6 15 cm. Manufacturer: Thermo Scientific
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STANDARDS DEVELOPMENT
This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum
(PF), for the development of official standards in the United States Pharmacopeia and the National Formulary (USP–NF).
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USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on the new or revised stan-
dards.

PF includes the following:

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

2. Accelerated Revisions—New or revised standards that become official through an accelerated process in ac-
cordance with USP’s Guideline on Accelerated Revisions (available on the USP website) (e.g., Interim Revision An-
nouncements, Revision Bulletins, and Errata). Accelerated Revisions allow for a revision to become official prior to the
next USP–NF or Supplement and do not always require notice and comment. Interim Revision Announcements are
first presented for a 60-day public comment period in the Proposed Interim Revision Announcement section before
becoming official in a later PF in the Interim Revision Announcements section of the PF. Note that Revision Bulletins
appear only on the USP website.

USP welcomes comments and data on proposed revisions. Comments, along with USP’s responses, will be published in
the Commentary section of the USP website (www.usp.org).
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, United States Pharmacopeia, 12601
Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
‘‘How to Use PF’’ describes the various parts of Pharmacopeial Forum, lists the Committee Designations, and includes the
Staff Directory.
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The contents of the various sections of PF are briefly described below. A more detailed description of each section is
provided at the beginning of that section. A general description of the types and amount of information expected in a
Request for Revision is available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website
(www.usp.org/USPNF/submitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Proposed Interim Revi-
sion Announcement
Accelerated Revision tar-
geted to become official
in an upcoming PF.

Proposals for Interim Revision Announcements (IRAs) that will be
published as official in a future Pharmacopeial Forum.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the USP Scientific Liaison who handled the issue.

Review material and send comments
within 60 days of the PF publication
where the standard was proposed
(or per the Briefing). Direct com-
ments to the USP Scientific Liaison
(see the Staff Directory) identified at
the end of the Briefing.

Interim Revision An-
nouncement
Official Accelerated Revi-
sion (on the first day of
the second month, un-
les s otherwise ind i -
cated).

Standards that have been adopted and will become official on
the date that is specified in the section’s introductory page or
within parentheses following a particular item. New or revised
text is marked by the symbols .

..

Review material to see whether af-
fected by any of the changes. Note
date when standards become official,
and ensure compliance.

Errata
Accelerated Revision.

Corrections to official standards that will be printed in USP–NF. Review material to see whether af-
fected by any changes.

In-Process Revision
Revisions for public re-
view and comment.

Proposals for standards that will be published as official in a fu-
ture USP–NF book or Supplement.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the appropriate USP Scientific Liaison.

Review material and send comments.
Comment deadlines are found at the
end of the Policies and Announcements
section. Direct comments to the USP
Scientific Liaison (see the Staff Direc-
tory) identified at the end of the Brief-
ing. For general inquiries or in cases
where a Scientific Liaison is not iden-
tified, use the general USP telephone
number 301-881-0666 or fax num-
ber 301-998-6839.

Previous PF Proposals Proposals from previous PFs that did not advance to official sta-
tus in an official USP publication. This section is cumulative.

Review material to track pending pro-
posals.

Canceled Proposals Items that were published in PF and were pending, but have
since been canceled. Note that canceled proposals may be re-
published to be considered in the future for adoption in USP–NF.

Review material to track canceled
proposals.
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Stage 4 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

BRIEFING: Scientific rationale for the potential inclusion or
change or for the proposed change. Stage 4 is available for
comment.

Review material and provide com-
ments to the appropriate Scientific
Liaison cited in the Briefing. Indivi-
duals who wish to correspond with
the European and Japanese Pharma-
copoeias concerning monographs in
the Official Inquiry and Consensus
stages of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a
copy to USP, for a given article. The
addresses for the European (PhEur)
and Japanese (JP) pharmacopoeias
are as follows:

PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Depart-
ment
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu

JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp

Stage 6 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

Stage 6 is the final official harmonized standard and is not avail-
able for comment. This information is published for informa-
tional purposes only. New or revised text to Stage 6
documents is marked with symbols that indicate the publication
in which the book or Supplement becomes official.

Review material to see whether af-
fected by any changes.

H
ow

to
U

se
P
F

Pharmacopeial Forum
Vol. 36(3) [May–June 2010] HOW TO USE PF 619

#2010 The United States Pharmacopeial Convention All Rights Reserved.



Other Sections

Expert Committee Designations
Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the develop-
ment of standards

Staff Directory
Names of key USP Standards Division staff members, including Scientific Liaisons, with contact information

Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Guidelines on how to comment
� Publication and comment schedules

Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested

parties
� Discussions of issues on which USP desires public input prior to further development

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

Index
Cumulative directory for the content of all issues of PF beginning with PF 36(1)

Chromatographic Columns Used in USP–NF and Pharmacopeial Forum
Update of chromatographic columns based on the proposals published in this issue of PF
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EXPERT COMMITTEE DESIGNATIONS*

2005–2010

AER Aerosols

BB BBP B&B Blood and Blood Products

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

BB PP B&B Proteins and Polysaccharides

BB VV B&B Vaccines and Virology

BPC Biopharmaceutics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DS-GC Dietary Supplements—General Chapters

DSI Dietary Supplements—Information

DSN Dietary Supplements—Non-Botanicals

DS-PS Dietary Supplements—Performance Standards

EGC Excipient General Chapters

EM1 Excipient Monographs 1

EM2 Excipient Monographs 2

FI Food Ingredients

GC General Chapters

GTMDB General Toxicity and Medical Device Biocompatibility

IH International Health

MSA Microbiology and Sterility Assurance

MD-ANT Monograph Development—Antibiotics

MD-AA Monograph Development—Antivirals and Antimicrobials

MD-CV Monograph Development—Cardiovascular

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

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

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

MD-PP Monograph Development—Psychiatrics and Psychoactives

MD-PS Monograph Development—Pulmonary and Steroids

NOM Nomenclature

P&S Packaging and Storage

PPI Parenteral Products—Industrial

PDF Pharmaceutical Dosage Forms

PW Pharmaceutical Waters

RI Radiopharmaceutical Information

RMI Radiopharmaceuticals and Medical Imaging Agents

RS Reference Standards

SCC Sterile Compounding

SMU Safe Medication Use

STAT Statistics

H
ow

to
U

se
P
F

Pharmacopeial Forum
Vol. 36(3) [May–June 2010] HOW TO USE PF 621

#2010 The United States Pharmacopeial Convention All Rights Reserved.



EXPERT COMMITTEE DESIGNATIONS* (Continued)

2005–2010

VET Veterinary Drugs

VMI Veterinary Medicine Information

* HDQ Indicates USP Headquarters items.

H
ow

to
U

se
P

F
Pharmacopeial Forum

622 HOW TO USE PF Vol. 36(3) [May–June 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.



STAFF DIRECTORY

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

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

identified. The fax number is (301) 816-8373.

STAFF E-MAIL PHONE CONTACT FOR

Clydewyn M. Anthony, Ph.D.,
Senior Scientific Liaison

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

Fouad Atouf, Ph.D.,
Scientific Liaison

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

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Healthcare Quality Standards

scb@usp.org (301) 816-8216 Sterile Compounding

William E. Brown,
Senior Scientific Liaison

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

Forms (PDF)

Damián A. Cairatti,
Senior Scientific Liaison (Spanish)

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

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234

Behnam Davani, Ph.D.,
Senior Scientific Liaison

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

Natalia Davydova, Ph.D.,
Scientific Liaison

nd@usp.org (301) 816-8328 Dietary Supplements
Performance Standards (DS-PS)

Anthony DeStefano, Ph.D.,
Vice President, General Chapters

ajd@usp.org (301) 230-6303 General Chapters

Susan S. de Mars, J.D.,
General Counsel and Chief Documentary
Standards Officer

sdm@usp.org (301) 816-8296 Documentary Standards Division

Shawn F. Dressman, Ph.D.,
Vice President, Standards Acquisition

sfd@usp.org (301) 816-8261 New Monograph and Reference
Standards Acquisition

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

gig@usp.org (301) 816-8343

Brian D. Gilbert, Ph.D.,
Technical Services Manager

bg@usp.org (301) 816-8223

Elena Gonikberg, Ph.D.,
Senior Scientific Liaison

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

Veterinary Drugs (VET)

James Griffiths, Ph.D.,
Vice President, Food, Dietary Supplement,
and Excipient Standards

jg@usp.org (301) 998-6811

Linda Guard,
Vice President, Publications

lmg@usp.org (301) 816-8309

Antonio Hernandez-Cardoso, M.Sc.,
Scientific Liaison, Latin American
Specialist

ahc@usp.org (301) 816-8308 USP–NF Spanish Edition;
General Chapters (GC);
Pharmaceutical Waters (PW)

Desmond G. Hunt, Ph.D.,
Scientific Liaison

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

Parenteral Products—Industrial
(PPI)

Barbara Jones, Ph.D.,
Director, Reference Standards Evaluation

bjj@usp.org (301) 230-6325 Reference Standards

Alexey Khrenov, Ph.D.,
Associate Scientific Liaison

ak@usp.org (301) 998-6335 B&B Proteins and Polysaccharides
(BB PP)
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STAFF E-MAIL PHONE CONTACT FOR

William F. Koch, Ph.D.,
Chief Standards Acquisition and Metrology
Officer

wfk@usp.org (301) 816-8562 Reference Materials Division

Robert Lafaver,
Scientific Liaison

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

Kristie Laurvick, M.S.,
Scientific Liaison

kxb@usp.org (301) 816-8356 Food Ingredients (FI)

Markus Lipp, Ph.D.,
Director, Foods Standards

mxl@usp.org (301) 816-6366 Food Ingredients (FI)

Angela G. Long, M.S.,
Vice President, Healthcare Quality
and Compendial Affairs/
Executive Secretariat

agl@usp.org (301) 816-8382

Feiwen Mao, M.S.,
Scientific Liaison

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

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

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

Forms (PDF);
Reagents

Jeff Moore, Ph.D.,
Scientific Liaison

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

Kevin Moore, Ph.D.,
Senior Scientific Liaison

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

Tina S. Morris, Ph.D.,
Vice President, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397

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

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

Morgan Puderbaugh,
Associate Scientific Liaison

mxp@usp.org (301) 998-6833 Small Molecules Monographs

Sujatha Ramakrishna, Ph.D.,
Scientific Liaison

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

Hariram Ramanathan, Ph.D.,
Associate Scientific Liaison

hr@usp.org (301) 816-8313 Small Molecules Monographs

Ravi Ravichandran, Ph.D.,
Senior Scientific Liaison

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

Radiopharmaceuticals and Medical
Imaging Agents (RMI)

Karen A. Russo, Ph.D.,
Vice President, Small Molecules

kar@usp.org (301) 816-8379

Leonel Santos, Ph.D.,
Senior Scientific Liaison

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

Nandakumara (Nandu) Sarma, Ph.D.,
Senior Scientific Liaison

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

Rick Schnatz, Pharm.D.,
Scientific Liaison

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

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

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Senior Scientific Liaison

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

Catherine M. Sheehan, M.S.,
Director, Excipients

cxs@usp.org (301) 816-8262 Excipients
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STAFF E-MAIL PHONE CONTACT FOR

Tom Sigambris, M.S.,
Scientific Liaison

tzs@usp.org (301) 998-6789 B&B Vaccines and Virology (BB VV);
Proteins and Polysaccharides

(BB PP) (small peptides)

Anita Y. Szajek, Ph.D.,
Senior Scientific Liaison

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

Radhakrishna S. Tirumalai, Ph.D.,
Senior Scientific Liaison

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

Microbiology and Sterility
Assurance (MSA)

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientific Liaison

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

Domenick Vicchio, Ph.D.,
Senior Scientific Liaison

dwv@usp.org (301) 998-6828 Monograph Development—
Pulmonary and Steroids (MD-PS)

Mary ‘‘Jeanie’’ Waddell,
Scientific Liaison

msw@usp.org (301) 816-8124 Monograph Development—
Pulmonary and Steroids (MD-PS)

Hong Wang, Ph.D.,
Scientific Liaison

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

Excipient General
Chapters (EGC)

Lili Wang,
Technical Services Scientist

lw@usp.org (301) 816-8129 USP Reference Standards
Evaluation

Andrzej Wilk, Ph.D.,
Senior Scientific Liaison

aw@usp.org (301) 816-8305 Nomenclature (NOM)

Ahalya Wise, M.S.,
Scientific Liaison

aww@usp.org (301) 816-8161 Monograph Development—
Antibiotics (MD-ANT)

Kahkashan Zaidi, Ph.D.,
Senior Scientific Liaison

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

This section provides general information resources for USP–NF standards and processes. Information resources include
announcements on scientific and policy issues currently under consideration, schedules for USP publications, and sche-
dules for comment periods for proposed standards.
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USP 33–NF 28 RECALL AND REISSUE. On January 8,
2010, USP initiated a recall of USP 33–NF 28 due to
errors. Information about the recall and USP’s plans to
reissue the publication are provided in Public Notices
that appear at http://www.usp.org/USPNF/recall.html.

USP is working now to obtain all versions of USP 33–NF
28 that were placed into commerce beginning Novem-
ber 2009. This effort is important to avoid use of erro-
neous text (text that is not official, was never official,
and that has been recalled).

USP–NF customers have received a memo from USP pro-
viding important information on (1) how to return the
three-volume print version of USP 33–NF 28 and (2) what
USP will send as a replacement. USP requests that custo-
mers return USP 33–NF 28 to USP as soon as possible. For
questions, please contact USP Customer Service at
custsvc@usp.org or +1-301-881-0666, 1-800-227-8772
(U.S. and Canada), or 00-800-4875-5555 (Europe).

The USP 33–NF 28 Reissue will be available in April, with
an official date of October 1, 2010. The complete official
compendia, USP 33–NF 28 Reissue, will consist of the fol-
lowing publications:

� USP 32–NF 27 and its Supplements
� USP 33–NF 28 Reissue New and Revised Official Text

Since the Second Supplement to USP 32–NF 27
� First Supplement to the USP 33–NF 28 Reissue
� Second Supplement to the USP 33–NF 28 Reissue

For more information, contact USP Customer Service at
custsvc@usp.org or 1-800-227-8772.

UPCOMING CHANGES TO PHARMACOPEIAL
FORUM. Effective January 2, 2011 with volume 37(1),
Pharmacopeial Forum (PF) will be converted to an online
only, freely available resource that includes only
proposed revis ions for publ ic comment. Other
information currently in PF will be moved to the USP
Web site or into other USP publications.

For updated information about the transition, please visit
http://www.usp.org/USPNF/pf/pfRedesign.html.

CALL FOR CANDIDATES FOR 2010–2015 EXPERT
COMMITTEE MEMBERS. In accordance with the
Bylaws of the USP Convention, USP has issued a Call
for Candidates for 2010–2015 Expert Committee
members in the areas of Nomenclature, Smal l
Molecules, Biologics and Biotechnology, Excipients,
General Chapters, Reference Standards, Compounding,
Food Ingredients, and Dietary Supplements. In the
2010–2015 cycle, USP is expanding the number of
Expert Panels that report to Expert Committees.

The deadline for applications for Expert Committee
members is May 15, 2010. Recruitment for Expert Panel
members will begin in July 2010 and will be continuous.

These Expert Committees and Panels align with the new
USP Strategic Plan, which focuses on expanding and en-
hancing USP’s core compendial and standards-setting
activities. The ability to add Expert Panels according to
USP’s needs introduces flexibility and scalability into
USP’s activities. USP plans to continue to attract a global
base of experts and therefore encourages any qualified
individual to apply. Importantly, this approach also en-
ables USP to closely align its documentary and Reference
Standards activities for a more efficient standards-setting
process.

Specific Expert Committees and Expert Panels for which
USP is seeking candidates are listed at USP’s nominations
Web site (www.usp.org/goto/nominate).

For further information, please contact Nelufar Mohajeri,
Director, Volunteer Affairs and Compendial Initiatives
(nym@usp.org or nominate@usp.org).

USP POSTS COMMENTARY TO INTERIM REVISION
ANNOUNCEMENTS ON THE USP WEB SITE. In order
to maintain transparency for revisions made to proposed
Interim Revision Announcements that become official in PF,
USP posts commentary for the proposed Interim Revision
Announcements on the Revisions and Commentary web
page on the date that the official standard is released
in PF. Note that commentary to In-Process Revisions is
posted on the Revisions and Commentary web page
under the final book or supplement where the official
standard appears. Commentary is not part of the official
text of the monograph and is not intended to be
enforceable by regulatory authorities. Rather, it explains
the basis of the Expert Committee’s response to public
comments. If there is a difference between the
contents of the Commentary section and the official
monograph, the text of the official monograph
preva i l s . In case o f a d i spute or ques t ion o f
interpretation, the language of the official text, alone
and independent of the Commentary section, shall
prevail.

PHARMACOPEIAL FORUM PUBLIC REVIEW and
COMMENT PERIOD DEADLINES. The USP welcomes
and encourages interested parties to submit comments
and data regarding potential, proposed, or adopted
(official) standards. In accordance with the Rules and
Procedures of the 2005–2010 Council of Experts, USP
has implemented a 90-day comment period by
providing a deadline for each issue of PF unless
otherwise stated in the individual briefing. The listing of
comment period deadlines and the targeted official
publications appears below.
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Pharmacopeial
Forum

Comment
Deadline

Targeted Official
Publication Release Date Official Date

PF 35(6) February 15, 2010 USP 34–NF 29 November 2010 May 1, 2011

PF 36(1) April 15, 2010

PF 36(2) June 15, 2010 USP 34–NF 29 1st Supple-
ment

February 2011 August 1, 2011

PF 36(3) August 15, 2010

PF 36(4) October 15, 2010 USP 34–NF 29 2nd Supple-
ment

June 2011 December 1, 2011

PF 36(5) December 15, 2010

PF 36(6) February 15, 2011 USP 35–NF 30 November 2011 May 1, 2012

All official revisions are published in the annual edition or
Supplements to USP–NF (twice yearly). Between these
publications, official revisions are published in PF in the
Interim Revision Announcement section and incorporated
in the upcoming USP–NF or Supplement. They may also
be published as Revision Bulletins on www.usp.org in the
‘‘New Official Text’’ section. The official publication in
which an Interim Revision Announcement (IRA) is incorpo-

rated depends upon publication deadlines. The electro-
nic version of USP–NF is updated as each Supplement
becomes available and, therefore, contains all official text
up to and including the contents of the latest Supple-
ment. The table below outlines the publications and their
release and official dates, and the USP–NF or Supplement
that supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

USP 33–NF 28
Reissue

April 2010 Date to be announced
(six months after its re-
lease date); visit http://
www.usp.org/USPNF/
recall.html for updated
information

1st Supplement to the USP 33–NF 28
Reissue

IRA [PF 36(1)] January 1, 2010 February 1, 2010 2nd Supplement to the USP 33–NF
28 Reissue

1st Supplement to the USP 33–NF 28
Reissue

April 2010 Date to be announced
(six months after its re-
lease date); visit http://
www.usp.org/USPNF/
recall.html for updated
information

2nd Supplement to the USP 33–NF
28 Reissue

IRA [PF 36(2)] March 1, 2010 April 1, 2010 2nd Supplement to the USP 33–NF
28 Reissue

IRA [PF 36(3)] May 1, 2010 June 1, 2010 USP 34–NF 29

2nd Supplement to the USP 33–NF
28 Reissue

June 30, 2010 February 1, 2011 USP 34–NF 29

IRA [PF 36(4)] July 1, 2010 August 1, 2010 1st Supplement to USP 34–NF 29

IRA [PF 36(5)] September 1, 2010 October 1, 2010 1st Supplement to USP 34–NF 29

IRA [PF 36(6)] November 1, 2010 December 1, 2010 2nd Supplement to USP 34–NF 29

USP 34–NF 29 November 1, 2010 May 1, 2011 1st Supplement to USP 34–NF 29
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CUMULATIVE EDITIONS. USP–NF is available in print,
CD, and online formats. For the CD and online
formats, each new edition or Supplement integrates
content from all previous editions to date.

USP 33–NF 28 Reissue of New and Revised Monographs
and Other Official Text, combined with the print version
of USP 32–NF 27 and its Supplements, constitutes the of-
ficial print version of the USP 33–NF 28 Reissue.

PRIORITY NEW MONOGRAPH ITEMS.
DRUG SUBSTANCES AND DRUG PRODUCTS. The fol-
lowing lists contain monographs USP is seeking for drug
substances and drug products, with particular priority on
drug substances and drug products that are or are ex-

pected to be off-patent (multi-sourced; subject to gener-
ic competition) within 5 years. These are articles that
have been approved by the FDA and are published in
the Approved Drug Products with Therapeutic Equiva-
lence Evaluations (Orange Book). This list has been up-
dated as of February 17, 2009.

Monograph sponsors should consult the USP Guideline
for Submit t ing Requests for Rev is ion to USP–NF
at http: / / www.usp.org / USPNF / submitMonograph /
subGuide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Small Molecules (Drug Substances)—As of February 17, 2010

1) Acamprosate Calcium 2) Acrivastine 3) Adapalene

4) Alosetron Hydrochloride 5) Ambenonium Chloride 6) Amlexanox

7) Amphetamine Aspartate 8) Argatroban 9) Aripiprazole

10) Atomoxetine Hydrochloride 11) Auranofin 12) Azacitidine

13) Bentoquatam 14) Bepotastine Besylate 15) Besifloxacin Hydrochloride

16) Bexarotene 17) Bimatoprost 18) Bismuth Subcitrate Potassium

19) Brimonidine Tartrate 20) Bromfenac Sodium 21) Butenafine Hydrochloride

22) Caffeine Citrate 23) Calcium Trisodium Pentetate 24) Calfactant

25) Ceftibuten 26) Cetrorelix 27) Cevimeline Hydrochloride

28) Cidofovir 29) Cisatracurium Besylate 30) Colesevelam Hydrochloride

31) Cysteamine Bitartrate 32) Decitabine 33) Desloratadine

34) Dexlansoprazole 35) Dextroamphetamine Saccharate 36) Diclofenac Epolamine

37) Diltiazem Malate 38) Doripenem 39) Doxacurium Chloride

40) Dronedarone Hydrochloride 41) Eplerenone 42) Eprosartan Mesylate

43) Esomeprazole Sodium 44) Eszopiclone 45) Ethanolamine Oleate

46) Etonogestrel 47) Etoposide Phosphate 48) Exemestane

49) Felbamate 50) Ferric Hexacyanoferrate (Prussian
Blue)

51) Ferric Sodium Gluconate

52) Fomepizole 53) Fosaprepitant Dimeglumine 54) Gadobenate Dimeglumine

55) Gadofosveset Trisodium 56) Gadopentetic Acid 57) Gadoxetate Disodium

58) Gallium Nitrate 59) Ganciclovir Sodium 60) Guanidine Hydrochloride

61) Iloperidone 62) Imipramine Pamoate 63) Isosulfan Blue

64) Ketotifen Fumarate 65) Lepirudin 66) Lodoxamide Tromethamine

67) Loteprednol Etabonate 68) Loxapine Hydrochloride 69) Melphalan Hydrochloride

70) Mequinol 71) Methylnaltrexone Bromide 72) Midazolam Hydrochloride

73) Mifepristone 74) Milrinone Lactate 75) Nabilone

76) Nelarabine 77) Nelfinavir Mesylate 78) Nepafenac

79) Nesiritide Citrate 80) Nilutamide 81) Nisoldipine

82) Nitazoxanide 83) Oxiconazole Nitrate 84) Paliperidone

85) Pemetrexed Disodium 86) Pemirolast Potassium 87) Perindopril Erbumine

88) Phenylephrine Tannate 89) Piperonyl Butoxide 90) Podofilox

91) Poractant Alfa 92) Porfimer Sodium 93) Posaconazole

94) Prasugrel Hydrochloride 95) Pseudoephedrine Tannate 96) Pyrilamine Tannate

97) Quinupristin 98) Rifapentine 99) Rose Bengal Disodium

100) Rufinamide 101) Sertaconazole Nitrate 102) Sevelamer Carbonate

103) Silodosin 104) Sirolimus 105) Sodium Phenylbutyrate

106) Sparfloxacin 107) Streptozocin 108) Tazarotene

109) Temozolomide 110) Temsirolimus 111) Teniposide

112) Tiludronate Disodium 113) Tiopronin 114) Tipranavir

115) Tirofiban 116) Tolterodine Tartrate 117) Tolvaptan

118) Topotecan Hydrochloride 119) Toremifene Citrate 120) Trastuzumab

121) Treprostinil 122) Triptorelin Pamoate 123) Trypan Blue

124) Unoprostone Isopropyl 125) Vigabatrin 126) Zafirlukast
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Small Molecules (Drug Substances)—As of February 17, 2010 (Continued)

127) Zanamivir 128) Zinc Trisodium Pentetate 129) Zoledronic Acid

130) Zolmitriptan

Small Molecules (Drug Products)—As of February 17, 2010

1) Abacavir and Lamivudine Tablets 2) Abacavir Sulfate, Lamivudine, and
Zidovudine Tablets

3) Acamprosate Delayed-Release Tablets

4) Acetaminophen, Aspirin, and Co-
deine Phosphate Capsules

5) Acetaminophen, Caffeine, and Dihy-
drocodeine Bitartrate Capsules

6) Acetaminophen, Caffeine, and Dihy-
drocodeine Bitartrate Tablets

7) Acetazolamide Extended-Release
Capsules

8) Acetazolamide Sodium Injection 9) Acetic Acid and Aluminum Acetate Otic
Solution

10) Acetylcysteine Injection 11) Acetylcysteine Oral Inhalation
Solution

12) Acrivastine and Pseudoephedrine
Hydrochloride Capsules

13) Acyclovir Cream 14) Adapalene and Benzoyl Peroxide Gel 15) Adapalene Cream

16) Adapalene Gel 17) Adefovir Dipivoxil Tablets 18) Albuterol and Ipratropium Bromide
Inhalation Solution

19) Albuterol Extended-Release Tablets 20) Alendronate Sodium and Cholecal-
ciferol Tablets

21) Alendronate Sodium Oral Solution

22) Allopurinol for Injection 23) Alosetron Tablets 24) Aluminum Hydroxide and Magne-
sium Trisilicate Chewable Tablets

25) Amantadine Hydrochloride Tablets 26) Ambenonium Chloride Tablets 27) Amcinonide Lotion

28) Amiodarone Hydrochloride Injec-
tion

29) Amlexanox Oral Paste 30) Amlodipine and Benazepril Hydro-
chloride Capsules

31) Amoxicillin and Clavulanate
Potassium Chewable Tablets

32) Amoxicillin Chewable Tablets 33) Amphetamine Aspartate, Amphet-
amine Sulfate, Dextroamphetamine Sac-
charate and Dextroamphetamine Sulfate
Tablets

34) Amphotericin B Injection 35) Anastrozole Tablets 36) Antazoline Phosphate and Naphazo-
line Hydrochloride Ophthalmic Solution

37) Apomorphine Hydrochloride
Injection

38) Argatroban Injection 39) Atomoxetine Hydrochloride Capsules

40) Atovaquone and Proguanil Hydro-
chloride Tablets

41) Atropine and Pralidoxime Chloride
Injection

42) Auranofin Capsules

43) Avobenzone, Ecamsule, and Octo-
crylene Cream

44) Avobenzone, Ecamsule, Octocry-
lene, and Titanium Dioxide Cream

45) Avobenzone, Octinoxate, and Oxy-
benzone Lotion

46) Azacitidine for Injectable Suspen-
sion

47) Azelaic Acid Cream 48) Azelaic Acid Topical Gel

49) Azelastine Hydrochloride Nasal
Spray

50) Azelastine Hydrochloride Ophthal-
mic Solution

51) Baclofen Injection

52) Beclomethasone Dipropionate
Metered-Dose Nasal Suspension

53) Benazepril Hydrochloride and Hy-
drochlorothiazide Tablets

54) Bentoquatam Topical Suspension

55) Benzphetamine Hydrochloride
Tablets

56) Bepotastine Besylate Ophthalmic
Solution

57) Beractant Intratracheal Suspension

58) Besifloxacin Ophthalmic Suspen-
sion

59) Betaine for Oral Solution 60) Betamethasone Dipropionate Gel

61) Betaxolol Ophthalmic Suspension 62) Bexarotene Capsules 63) Bexarotene Topical Gel

64) Bimatoprost Ophthalmic Solution 65) Bismuth Subcitrate Potassium, Me-
tronidazole, and Tetracycline Capsules

66) Brimonidine Tartrate Ophthalmic
Solution

67) Bromfenac Sodium Ophthalmic
Solution

68) Brompheniramine Maleate, Dextro-
methorphan Hydrobromide, and
Pseudoephedrine Hydrochloride Oral
Solution

69) Budesonide Capsules

70) Buffered Didanosine for Oral Solu-
tion

71) Bupivacaine and Lidocaine Hydro-
chlorides Injection

72) Buprenorphine and Naloxone Sublin-
gual Tablets

73) Buprenorphine Hydrochloride
Injection

74) Buprenorphine Sublingual Tablets 75) Buspirone Hydrochloride Capsules

76) Busulfan Injection 77) Butalbital and Acetaminophen
Capsules

78) Butalbital and Acetaminophen Ta-
blets

79) Butalbital, Acetaminophen, and
Caffeine Oral Solution

80) Butalbital, Acetaminophen, Caf-
feine, and Codeine Phosphate Capsules

81) Butenafine Hydrochloride Cream

82) Calcipotriene Ointment 83) Calcitriol Capsules 84) Calcitriol Ointment

85) Calcitriol Oral Solution 86) Calcium Acetate Capsules 87) Calfactant Intratracheal Suspension

88) Candesartan Cilexetil and Hydro-
chlorothiazide Tablets

89) Candesartan Cilexetil Tablets 90) Carbamazepine Chewable Tablets
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Small Molecules (Drug Products)—As of February 17, 2010 (Continued)

91) Carbidopa and Levodopa Ex-
tended-Release Tablets

92) Carbidopa and Levodopa Orally
Disintegrating Tablets

93) Carbidopa Tablets

94) Carbinoxamine Maleate Oral
Solution

95) Carboplatin Injection 96) Carmustine Implant

97) Cefdinir Tablets 98) Cefepime Injection 99) Cefotaxime Sodium and Dextrose
Injection

100) Ceftibuten Capsules 101) Ceftibuten for Oral Suspension 102) Cetirizine Hydrochloride Chewable
Tablets

103) Cetrorelix Injection 104) Cevimeline Hydrochloride Cap-
sules

105) Chloramphenicol Sodium Succinate
Injection

106) Chlorpheniramine Maleate
Extended-Release Tablets

107) Ciclopirox Nail Lacquer 108) Ciclopirox Shampoo

109) Ciclopirox Topical Gel 110) Cidofovir Injection 111) Cimetidine Oral Solution

112) Ciprofloxacin Otic Solution 113) Cisatracurium Injection 114) Cisplatin Injection

115) Citric Acid, Gluconolactone, and
Magnesium Carbonate Irrigation

116) Cladribine Injection 117) Clemastine Fumarate Syrup

118) Clemastine Fumarate, Acetamino-
phen, and Pseudoephedrine Hydro-
chloride Tablets

119) Clindamycin and Benzoyl Peroxide
Topical Gel

120) Clobetasol Propionate Gel

121) Clobetasol Propionate Lotion 122) Clorazepate Dipotassium Ex-
tended-Release Tablets

123) Clotrimazole and Betamethasone
Dipropionate Lotion

124) Colesevelam Hydrochloride Oral
Suspension

125) Colesevelam Hydrochloride Tablets 126) Conjugated Estrogens and Medrox-
yprogesterone Acetate Tablets

127) Conjugated Estrogens Vaginal
Cream

128) Cysteamine Bitartrate Capsules 129) Cytarabine Injection

130) Dalfopristin and Quinupristin In-
jection

131) Decitabine for Injection 132) Desloratadine and Pseudoephedrine
Sulfate Extended-Release Tablets

133) Desloratadine Oral Solution 134) Desloratadine Orally Disintegrating
Tablets

135) Desloratadine Tablets

136) Dexlansoprazole Delayed-Release
Capsules

137) Dexrazoxane for Injection 138) Dextroamphetamine Sulfate
Extended-Release Capsules

139) Diazepam Injectable Emulsion 140) Diazepam Rectal Gel 141) Diclofenac Epolamine Topical Patch

142) Diclofenac Sodium Ophthalmic
Solution

143) Diclofenac Sodium Topical Solu-
tion

144) Didanosine Delayed-Release Cap-
sules

145) Didanosine for Buffered Oral Sus-
pension

146) Diethylpropion Hydrochloride
Extended-Release Tablets

147) Diltiazem Hydrochloride Extended-
Release Tablets

148) Dinoprostone Vaginal Supposi-
tories

149) Diphenhydramine and Ibuprofen
Capsules

150) Diphenhydramine Hydrochloride
and Acetaminophen Tablets

151) Diphenhydramine Hydrochloride
Tablets

152) Diphenoxylate Hydrochloride and
Atropine Sulfate Capsules

153) Doripenem for Injection

154 ) Dor zo l am ide and T imo lo l
Ophthalmic Solution

155) Dorzolamide Ophthalmic Solution 156) Doxacurium Chloride Injection

157) Doxazosin Extended-Release Ta-
blets

158) Doxycycline Oral Gel 159) Doxycycline Tablets

160) Dronedarone Tablets 161) Econazole Nitrate Cream 162) Edrophonium Chloride and Atropine
Sulfate Injection

163) Efavirenz Tablets 164) Enalapril Maleate and Felodipine
Extended-Release Tablets

165) Epirubicin Hydrochloride for Injec-
tion

166) Epirubicin Hydrochloride Injection 167) Eplerenone Tablets 168) Epoprostenol for Injection

169) Epoprostenol Injection 170) Eprosartan Mesylate and Hydro-
chlorothiazide Tablets

171) Eprosartan Tablets

172) Ergotamine Tartrate, Belladonna
Alkaloids, and Phenobarbital Extended-
Release Tablets

173) Escitalopram Oral Solution 174) Esmolol Hydrochloride Injection

175) Esomeprazole Magnesium Cap-
sules

176) Esomeprazole Magnesium for
Delayed-Release Oral Suspension

177) Esomeprazole Sodium Injection

178) Estradiol and Norethindrone Ace-
tate Transdermal System

179) Estradiol and Norgestimate Tablets 180) Estradiol Gel

181) Estradiol Topical Emulsion 182) Estramustine Phosphate Sodium
Capsules

183) Eszopiclone Tablets

184) Ethanolamine Oleate Injection 185) Ethinyl Estradiol and Levonorges-
trel Transdermal System

186) Etonogestrel Implant

187) Exemestane Tablets 188) Famotidine Chewable Tablets 189) Famotidine Orally Disintegrating
Tablets
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Small Molecules (Drug Products)—As of February 17, 2010 (Continued)

190) Famotidine, Calcium Carbonate,
and Magnesium Hydroxide Tablets

191) Felbamate Oral Suspension 192) Felbamate Tablets

193) Fenofibrate Tablets 194) Fentanyl Lozenges 195) Ferric Sodium Gluconate Injection

196) Flunisolide Inhalation Aerosol 197) Flunisolide Nasal Spray 198) Fluocinolone Acetonide Shampoo

199) Fluorescein Sodium Injection 200) Fluorescein Sodium Ophthalmic
Solution

201) Fluorometholone Ointment

202) Fomepizole for Injection 203) Fomepizole Injection 204) Fosaprepitant Dimeglumine for
Injection

205) Foscarnet Sodium Injection 206) Fosfomycin for Oral Solution 207) Gadobenate Dimeglumine Injection

208) Gadofosveset Trisodium Injection 209) Gadoxetate Disodium Injection 210) Galantamine Extended-Release
Capsules

211) Gallium Nitrate Injection 212) Ganciclovir Capsules 213) Ganciclovir Ophthalmic Gel

214) Glipizide Extended-Release Tablets 215) Granisetron Transdermal System 216) Guanidine Hydrochloride Tablets

217) Halobetasol Propionate Cream 218) Halobetasol Propionate Ointment 219) Haloperidol Decanoate Injection

220) Hydralazine Hydrochloride and
Hydrochlorothiazide Capsules

221) Hydrocodone Bitartrate and Aceta-
minophen Capsules

222) Hydrocodone Bitartrate and Aceta-
minophen Oral Solution

223) Hydrocodone Bitartrate and Aspir-
in Tablets

224) Hydrocodone Bitartrate and Ho-
matropine Methylbromide Syrup

225) Hydrocodone Bitartrate and Ibupro-
fen Tablets

226) Hydrocortisone Acetate Dental
Paste

227) Hydrocortisone Acetate Rectal
Foam Aerosol

228) Hydrocortisone Topical Aerosol

229) Hydroquinone Lotion 230) Ibandronate Sodium 231) Ibandronate Sodium Injection

232) Ibandronate Sodium Tablets 233) Ibuprofen and Pseudoephedrine
Hydrochloride Capsules

234) Ibuprofen and Pseudoephedrine
Hydrochloride Suspension

235) Ibuprofen Chewable Tablets 236) Ibutilide Fumarate Injection 237) Idarubicin Hydrochloride Injection

238) Iloperidone Tablets 239) Imipramine Pamoate Capsules 240) Insoluble Prussian Blue Capsules

241) Iohexol Solution 242) Isosulfan Blue Injection 243) Isradipine Extended-Release Tablets

244) Itraconazole Capsules 245) Ketoconazole Cream 246) Ketoconazole Shampoo

247) Ketorolac Tromethamine Ophthal-
mic Solution

248) Ketotifen Fumarate Ophthalmic
Solution

249) Lamotrigine Orally Disintegrating
Tablets

250) Latanoprost Ophthalmic Solution 251) Lepirudin for Injection 252) Leucovorin Calcium for Injection

253) Levetiracetam Extended-Release
Tablets

254) Levetiracetam Injection 255) Levocetirizine Dihydrochloride Oral
Solution

256) Levocetirizine Dihydrochloride
Tablets

257) Levofloxacin and Sodium Chloride
Injection

258) Levofloxacin Injection

259) Levofloxacin Ophthalmic Solution 260) Levofloxacin Tablets 261) Levonorgestrel Tablets

262) Lidocaine Oral Transmucosal
System

263) Liothyronine Injection 264) Lodoxamide Ophthalmic Solution

265) Loperamide Hydrochloride and
Simethicone Chewable Tablets

266) Loperamide Hydrochloride and
Simethicone Tablets

267) Loratadine Chewable Tablets

268) Loratadine Oral Suspension 269) Loteprednol Etabonate and Tobra-
mycin Ophthalmic Suspension

270) Loteprednol Etabonate Ophthalmic
Suspension

271) Loxapine Hydrochloride Injection 272) Loxapine Hydrochloride Oral
Solution

273) Mannitol Irrigation

274) Melphalan for Injection 275) Menthol and Methyl Salicylate
Transdermal System

276) Mequinol and Tretinoin Topical
Solution

277) Mesalamine Suppositories 278) Mesna Injection 279) Methacholine Chloride for Inhala-
tion Solution

280) Methamphetamine Hydrochloride
Extended-Release Tablets

281) Methocarbamol and Aspirin Ta-
blets

282) Methylnaltrexone Bromide Injection

283) Methylphenidate Hydrochloride
Chewable Tablets

284) Methylphenidate Hydrochloride
Oral Solution

285) Methylphenidate Transdermal Sys-
tem

286) Metipranolol Ophthalmic Solution 287) Metronidazole Cream 288) Metronidazole Hydrochloride for
Injection

289) Metronidazole Lotion 290) Miconazole Nitrate Ointment 291) Midazolam Oral Suspension

292) Milrinone Injection 293) Minocycline Hydrochloride
Extended-Release Tablets

294) Misoprostol and Diclofenac Sodium
Tablets

295) Moexipril Hydrochloride and
Hydrochlorothiazide Tablets

296) Moexipril Hydrochloride Tablets 297) Montelukast Chewable Tablets

298) Montelukast Oral Granules 299) Morphine Sulfate and Naltrexone
Hydrochloride Extended-Release
Capsules

300) Morphine Sulfate Oral Solution

301) Morphine Sulfate Oral Solution
Concentrate

302) Moxifloxacin Tablets 303) Mycophenolate Mofetil Oral Solu-
tion
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Small Molecules (Drug Products)—As of February 17, 2010 (Continued)

304) Nabilone Capsules 305) Nalbuphine Hydrochloride Injec-
tion

306) Naproxen Extended-Release Tablets

307) Naproxen Sodium Capsules 308) Nelarabine Injection 309) Nelfinavir Tablets

310) Neomycin Sulfate Oral Powder 311) Nepafenac Ophthalmic Suspen-
sion

312) Nesiritide for Injection

313) Nicardipine Hydrochloride Cap-
sules

314) Nicardipine Hydrochloride
Extended-Release Capsules

315) Nicardipine Hydrochloride Injection

316) Nicotine Inhaler 317) Nicotine Metered-Dose Nasal
Inhaler

318) Nicotine Polacrilex Lozenge

319) Nilutamide Tablets 320) Nisoldipine Extended-Release
Tablets

321) Nitazoxanide for Oral Suspension

322) Nitazoxanide Tablets 323) Nitroglycerin Solution In Acrylic
Adhesive

324) Nizatidine Tablets

325) Ofloxacin Otic Solution 326) Olanzapine for Injection 327) Olopatadine Hydrochloride Nasal
Spray

328) Olsalazine Sodium Capsules 329) Omeprazole Delayed-Release
Tablets

330) Orphenadrine Citrate, Aspirin, and
Caffeine Tablets

331) Oxiconazole Cream 332) Oxycodone and Acetaminophen
Oral Solution

333) Oxymorphone Hydrochloride Ta-
blets

334) Paclitaxel for Suspension 335) Paliperidone Extended-Release
Tablets

336) Pantoprazole Sodium for Delayed-
Release Suspension

337) Paroxetine Oral Suspension 338) Pazopanib Tablets 339) Peg 3350 for Oral Solution

340) Pemetrexed for Injection 341) Pemirolast Potassium Ophthalmic
Solution

342) Pentamidine Isethionate for
Inhalation

343) Pentamidine Isethionate for
Injection

344) Pentobarbital Sodium Supposi-
tories

345) Phendimetrazine Tartrate Extended-
Release Capsules

346) Phenobarbital Capsules 347) Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Extended-
Release Capsules

348) Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Syrup

349) Phenylephrine Hydrochloride,
Chlorpheniramine Maleate, and Aceta-
minophen Extended-Release Tablets

350) P i loca rp ine Hydroch lo r ide
Ophthalmic Gel

351) Pilocarpine Hydrochloride Ophthal-
mic Ointment

352) Pioglitazone and Metformin Hy-
drochlorides Extended-Release Tablets

353) Piperonyl Butoxide and Pyrethrins
Aerosol Foam

354) Podofilox Gel

355) Podofilox Topical Solution 356) Poractant Alfa Suspension 357) Porfimer Sodium for Injection

358) Posaconazole Oral Suspension 359) Povidone–Iodine Gauze 360) Povidone–Iodine Topical Aerosol
Foam

361) Pramipexole Dihydrochloride
Tablets

362) Prasugrel Tablets 363) Prednisolone Sodium Phosphate
Oral Solution

364) Progesterone Vaginal Gel 365) Propafenone Hydrochloride
Extended-Release Capsules

366) Propafenone Hydrochloride Tablets

367) Propranolol Hydrochloride
Extended-Release Tablets

368) Pseudoephedrine Hydrochloride
and Brompheniramine Maleate
Extended-Release Tablets

369) Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Codeine
Phosphate Oral Solution

370) Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Ibupro-
fen Oral Suspension

371) Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Ibupro-
fen Tablets

372) Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Extended-
Release Tablets

373) Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Oral Solu-
tion

374) Pseudoephedrine Sulfate, Dex-
brompheniramine Maleate, and Aceta-
minophen Extended-Release Tablets

375) Pyrilamine Maleate Injection

376) Quetiapine Fumarate Extended-
Release Tablets

377) Quetiapine Fumarate Tablets 378) Quinapril and Hydrochlorothiazide
Tablets

379) Rabeprazole Sodium Delayed-
Release Tablets

380) Ranitidine Effervescent Tablets 381) Rifapentine Tablets

382) Rimantadine Hydrochloride Oral
Solution

383) Rivastigmine Tartrate Oral Solution 384) Rivastigmine Transdermal System

385) Rizatriptan Benzoate Orally-
Disintegrating Tablets

386) Rizatriptan Benzoate Tablets 387) Rocuronium Bromide Injection

388) Ropinirole Extended-Release Ta-
blets

389) Rosiglitazone and Metformin
Hydrochloride Tablets

390) Rufinamide Tablets

391) Selegiline Hydrochloride Capsules 392) Sertaconazole Nitrate Cream 393) Sertraline Hydrochloride Oral Solu-
tion

394) Sevelamer Carbonate for Oral
Suspension

395) Sevelamer Tablets 396) Sibutramine Hydrochloride Capsules
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Small Molecules (Drug Products)—As of February 17, 2010 (Continued)

397) Silodosin Capsules 398) Simvastatin Orally Disintegrating
Tablets

399) Sirolimus Oral Solution

400) Sodium Phenylbutyrate Oral
Powder

401) Sodium Phenylbutyrate Tablets 402) Sodium Phosphates Tablets

403) Sodium Salicylate and Sulfur
Shampoo

404) Sotalol Hydrochloride Injection 405) Sparfloxacin Tablets

406) Streptozocin for Injection 407) Sucralfate Oral Suspension 408) Sulconazole Nitrate Cream

409) Sulfacetamide Sodium and Fluoro-
metholone Ophthalmic Suspension

410) Sulfacetamide Sodium and Pred-
nisolone Sodium Phosphate Ophthalmic
Solution

411) Sulfasalazine Oral Suspension

412) Sumatriptan Injection 413) Synthetic Conjugated Estrogens
Vaginal Cream

414) Tacrolimus Injection

415) Tacrolimus Ointment 416) Tazarotene Topical Gel 417) Telmisartan and Amlodipine Tablets

418) Temozolomide Capsules 419) Temozolomide for Injection 420) Temsirolimus Injection

421) Teniposide Injection 422) Terbinafine Hydrochloride Cream 423) Terbinafine Hydrochloride Oral
Granules

424) Terbinafine Hydrochloride Topical
Spray

425) Terconazole Vaginal Cream 426) Terconazole Vaginal Suppositories

427) Testosterone Transdermal System 428) Theophylline Elixir 429) Theophylline Extended-Release
Tablets

430) Tiludronate Acid Tablets 431) Tinidazole Tablets 432) Tioconazole Vaginal Ointment

433) Tiopronin Tablets 434) Tirofiban Injection 435) Tolterodine Tablets

436) Tolvaptan Tablets 437) Topotecan Capsules 438) Toremifene Tablets

439) Torsemide Injection 440) Tranexamic Acid Injection 441) Tranexamic Acid Tablets

442) Trastuzumab Intravenous Injection 443) Treprostinil Inhalation Solution 444) Tretinoin Capsules

445) Tretinoin Microsphere Gel 446) Triamcinolone Acetonide Metered-
Dose Nasal Suspension

447) Triamcinolone Acetonide Pressur-
ized Nasal Inhaler

448) Trifluridine Ophthalmic Solution 449) Trimipramine Maleate Capsules 450) Triprolidine and Pseudoephedrine
Hydrochlorides and Codeine Phosphate
Syrup

451) Trolamine Salicylate Gel 452) Troleandomycin for Oral Suspen-
sion

453) Trospium Chloride Tablets

454) Trypan Blue Ophthalmic Solution 455) Unoprostone Isopropyl Ophthal-
mic Solution

456) Valganciclovir Hydrochloride Oral
Solution

457) Valproic Acid Delayed-Release
Capsules

458) Verapamil Hydrochloride Capsules 459) Verapamil Hydrochloride Extended-
Release Capsules

460) Vigabatrin Tablets 461) Zafirlukast Tablets 462) Zanamivir for Inhalation

463) Zileuton Extended-Release Tablets 464) Zileuton Tablets 465) Zinc Acetate Capsules

466) Ziprasidone for Injection 467) Zoledronic Acid for Injection 468) Zolmitriptan Nasal Spray

469) Zolmitriptan Orally Disintegrating
Tablets

470) Zolmitriptan Tablets 471) Zolpidem Tartrate Oral Spray

472) Zolpidem Tartrate Orally Disinte-
grating Tablets
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INACTIVE INGREDIENTS.The following list contains
monographs USP is seeking for inactive ingredients. This
list has been updated as of February 17, 2010.

Monograph sponsors shou ld consu l t the USP
Guideline for Submitting Requests for Revision to USP–NF
at http://www.usp.org/USPNF/submitMonograph/
subGuide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Inactive Ingredients—As of February 17, 2010

1) 1,2,6-Hexanetriol 2) Acetophenone 3) Acetyltryptophan

4) Acrylic Acid And Octyl Acrylate
Copolymer

5) Aluminum Hydroxide 6) Calcium Pyrophosphate

7) Carbomer 980 8) Cardamom 9) Carmine

10) Cassia Oil 11) Cedar Leaf Oil 12) Cinnamaldehyde

13) Cinnamon 14) Cinnamon Oil 15) Cysteine

16) Diatomaceous Earth 17) Eucalyptus Oil 18) Hydrocarbon Gel

19) Invert Sugar 20) Isobutyl Alcohol 21) Karaya Gum

22) Lactose Monohydrate–Cellulose,
Microcrystalline

23) Lanolin (aka Wool Fat),
Hydrogenated

24) Lime Oil

25) Locust Bean Gum 26) Mannose 27) Monosodium Citrate

28) Phenethyl Alcohol 29) Polyethylene 30) Polypropylene Glycol

31) Propenyl Guaethol 32) Sodium Carbonate Decahydrate 33) Sodium Caseinate

34) Sodium Nitrate 35) Sodium Trimetaphosphate 36) Spearmint Oil

37) Stannous Chloride Anhydrous 38) t-Butylhydroquinone 39) Tetrafluoroethane

40) Tristearin (aka Glyceryl Tristearate)

#2010 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
636 POLICIES AND ANNOUNCEMENTS Vol. 36(3) [May–June 2010]

P
ol

ic
ie

s
an

d
A

nn
ou

nc
em

en
ts



INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Stan-
dards
� Newly adopted (official) revisions to the USP–NF that become official before the official date of the next Supplement or
that were not ready for adoption by the closing date for the upcoming Supplement. (The official date for these revisions is
stated on the next page.)
� Errata

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

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

Where the symbols appear together with no enclosed text, such as .
., it means that text has been deleted and no new

text was proposed to replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the issue
of a given PF volume.

Errata—Errata are considered to be text, erroneously published in the USP–NF or its Supplements, that does not ac-
curately reflect the intended official requirements of the Council of Experts. Beginning with PF 35(2), Errata will be pub-
lished both in the Pharmacopeial Forum and on the usp.org website. At the end of the Interim Revision Announcement
section in this publication is a list of errata and corrections to USP 32–NF 27. The page number indicates where the item
is found in USP–NF. Errata are updated as necessary in each Pharmacopeial Forum issue and also appears on USP’s website
(www.usp.org). This information will also be cumulative in future Supplements, and will appear in its corrected form in the
next annual edition of USP–NF.
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INTERIM REVISION
ANNOUNCEMENT

to USP 32 and to NF 27

By authority of the United States Pharmacopeial Convention, Inc.

Prepared by the Council of Experts and published by the Board of Trustees

Duane M. Kirking, Pharm.D., Ph.D.,
Chair, USP Board of Trustees,

USP Trustee At-Large

Roger L. Williams, M.D., Chief Executive Officer
and Chairman, USP Council of Experts

Susan de Mars, J.D., Chief Documentary Standards Officer and General Counsel
William F. Koch, Ph.D., FACB, Chief Standards Acquisition and Metrology Officer

Released May 1, 2010 Official June 1, 2010

Inquiries regarding USP–NF can be addressed to the USP Executive Secretariat, 12601 Twinbrook Parkway,
Rockville, MD 20852, USA (execsec@usp.org).
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New USP Reference Standards

The following USP Reference Standards, which were
not available when the associated monograph was made
official, have since become available. The respective offi-
cial date of each USP 32 or NF 27 standard, test, or assay
requiring the use of the following USP Reference Stan-
dards is indicated in parentheses after the name of the
Reference Standard. Note that the official date is in par-
entheses and is six months after publishing in this PF.

USP Fludeoxyglucose Related Compound B RS (May 1, 2010)
USP Oleyl Oleate RS (September 1, 2010)
USP Propylene Glycol Dilaurate RS (May 1, 2010)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP 32 or NF 27 standards,
tests, or assays requiring the use of the following new
USP Reference Standards are postponed until further no-
tice pending availability of the respective Reference Stan-
dards. This listing was updated as of February 22, 2010.
Please refer to the current USP Catalog for a more up-to-
date availability list. The USP Catalog can be accessed on-
line at http://www.uspcatalog.com.

USP Acarbose RS
USP Acarbose System Suitability Mixture RS
USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Powdered Echinacea pallida Extract RS
USP Eucatropine Hydrochloride RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin Related Compound A RS
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or
pending official publication of USP–NF. If necessary, this list will be updated with every issue of PF. This information will also be
available as a cumulative table in future Supplements and will appear in its corrected form in a future annual edition of USP–NF.
An erratum consists of content erroneously published that does not accurately reflect the intended official or effective requirements
as approved by the Council of Experts. USP staff is available to respond to questions regarding the accuracy of a particular require-
ment by calling 1-800-822-USPC.

USP32–NF27
Page

Title Section Description

182 h561i Articles of
Botanical Origin

Methods of Analysis Line 5 under Alcohol-Soluble Extractives, Method 2: Change ‘‘and
then allowing to stand for 18 hours.’’
to:
and then allowing to stand.

261 h699i Density of
Solids

Gas Pycnometry for the
Measurement of Density

Change:

to:

1174 Benzalkonium
Chloride Solution

Limit of foreign amines Change ‘‘, meets the requirements of the test for Foreign amines
under Benzalkonium Chloride.’’
to:
To 5 mL of this solution add 3 mL of 1 N sodium hydroxide: no
precipitate is formed. Heat to boiling: the odor of amines is not
perceptible.

1621 Bacitracin Ointment Assay Line 9: Change ‘‘and quantitatively dilute with Test Dilution’’
to:
and quantitatively dilute with Buffer No. 1 to obtain a Test Dilu-
tion

online Cefazolin Assay Lines 1–2 under Mobile phase, change ‘‘Mobile phase—Prepare
a suitable mixture of pH 7.0 Buffer and acetonitrile (9:1).’’
to:
Mobile phase—Prepare a suitable mixture of pH 3.6 Buffer and
acetonitrile (9:1).

1858 Ceftazidime for
Injection

Assay Line 6 under Procedure: Change the formula
‘‘25,000[C / W (100 – m – s)](rU / rS)’’
to:
250,000[C / W (100 – m – s)](rU / rS)

2807 Loratadine Oral
Solution

Related compounds Line 4 under System suitability solution 1: Change ‘‘0.002 mg
per mL.’’
to:
0.002 mg per mL in Diluent.

2985 Minocycline
Hydrochloride

Identification, Infrared Ab-
sorption h197Ki

Line 1: Change ‘‘previously dried at 1008 for 2 hours.’’
to:
[NOTE—Dry the Standard and Sample at 1008 for 2 hours prior to
use.]

3338 Potassium Chloride
Extended-Release
Tablets

Assay Line 8 under Assay preparation 1: Add to the end of the para-
graph ‘‘Transfer 5.0 mL of the resulting solution to a 100-mL
volumetric flask, add 2.0 mL of sodium chloride solution (1 in
5) and 1.0 mL of hydrochloric acid, dilute with water to volume,
and mix.’’

3691 Tetracaine
Hydrochloride for
Injection

Residue on ignition Line 7 under Residue on ignition: Change ‘‘Heat, gently at first.’’
to:
‘‘Heat gently at a temperature as low as practicable.’’
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USP32–NF27
Page

Title Section Description

First Supplement to USP32-NF27
4039 Cefaclor Capsules Assay Line 6 under Chromatographic system: Change ‘‘which are

about 0.8 and 1.0 for the delta-3 isomer and cefaclor, respec-
tively;’’
to:
which are about 0.8 and 1.0 for cefaclor and the delta-3 isomer,
respectively;

Second Supplement to USP32-NF27
4220 Azithromycin for

Injection
Limit of azithromycin
N-oxide

Line 1 under Resolution solution: Change ‘‘Dissolve an accurately
weighed portion of USP Azithromycin N-Oxide RS in Standard
solution to obtain a solution having a concentration of about
0.0015 mg of azithromycin N-oxide and 0.45 mg of azithromy-
cin per mL.’’
to:
0.0015 mg/mL of azithromycin N-oxide and 0.45 mg/mL of az-
ithromycin in Diluent.

4238 Fexofenadine
Hydrochloride and
Pseudoephedrine
Hydrochloride
Extended-Release
Tablets

Related compounds Test 3, line 2 under Standard solution: Change ‘‘100-mL volu-
metric flask,’’
to:
50-mL volumetric flask
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PROPOSED
INTERIM REVISION
ANNOUNCEMENTS

This section includes proposals for Interim Revision Announcements (IRAs) that will be published as official USP or NF
standards. There is a 60-day comment period for these proposals, beginning on the 15th of the first month of this
Pharmacopeial Forum. The approved official text will be published in a future Pharmacopeial Forum and additionally in
the ‘‘New Official Text’’ section of USP’s web site (www.usp.org). Readers should review material in this section and
provide comments to the Scientific Liaison (use the Staff Directory to find the contact information). Information on
how to comment is found in the Policies and Announcements section. It is important to send comments promptly so that
the Expert Committee members can consider readers’ input as they are deciding whether to advance standards to official
status.

Each proposal is preceded by a Briefing that indicates the proposed revisions.
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• CHLORIDEUSP MONOGRAPHS Sample solution:  Dilute 1.0 mL with 20 mL of water.
Analysis:  Add 5 drops of silver nitrate TS.
Acceptance criteria:  No opalescence is produced.

• SULFATE
Sample solution:  Dilute 1.0 mL with 10 mL of water.
Analysis:  Add 1 mL of barium chloride TS.

BRIEFING Acceptance criteria:  No turbidity is produced.
Organic Impurities
• PROCEDURE: READILY OXIDIZABLE SUBSTANCES

Glacial Acetic Acid,  USP 32 page 1419. Comments were Sample solution:  Dilute 2.0 mL in a glass-stoppered vessel
received indicating that the concentration of the Sample solution with 10 mL of water.
under Identification is not suitable for the Lanthanum Nitrate Analysis:  Add 0.10 mL of 0.10 N potassium permanganate.
test. It is proposed to revise the concentration of the Sample Acceptance criteria:  The pink color is not changed to
solution and specify that this solution is used only for the brown within 2 h.
Lanthanum Nitrate test. The Ferric Chloride test is performed

SPECIFIC TESTSaccording to the general chapter Identification Tests—General
• CONGEALING TEMPERATURE 〈651〉:  NLT 15.6°〈191〉. The comment period for this revision ends July 15, 2010.

In the absence of negative comments, it is proposed to
ADDITIONAL REQUIREMENTSimplement this revision through an Interim Revision
• PACKAGING AND STORAGE:  Preserve in tight containers, andAnnouncement with an official date of October 1, 2010.

store at room temperature.

(MD-OOD: F. Mao.) RTS—C85058; C83876
BRIEFING

Glacial Acetic Acid Protamine Sulfate,  USP 32 page 3434 and page 4096 of the
First Supplement; Protamine Sulfate Injection, USP 32 page
3435; Protamine Sulfate for Injection, USP 32 page 3435. The
following changes are proposed, with rationales:

 1.  A new potency Assay replaces the current sheep plasma
clotting Assay. The new Assay eliminates the need for a

C2H4O2 60.05 wire loop, which is no longer commercially available, and is
Acetic acid [64-19-7]. harmonized with the potency assay for Protamine Sulfate in

the European Pharmacopoeia 6.0.
DEFINITION 2.  The new potency Assay is supported by a new reference
Glacial Acetic Acid contains NLT 99.5% and NMT 100.5%, by standard, USP Heparin Sodium for Assays RS, which is the

weight, of C2H4O2. new potency RS for all USP heparin and protamine
monographs.IDENTIFICATION In the absence of any significant adverse comments, it is pro-

posed to implement this revision via the Fifth Interim Revision
Announcement pertaining to USP 32–NF 27, with an official dateChange to read:
of October 1, 2010.

• IDENTIFICATION TESTS—GENERAL, Acetate 〈191〉:  Meets the
requirements

(BB BBP: A. Szajek.) RTS—C78540Sample solution •(for Lanthanum Nitrate test)•5:  Glacial
Acetic Acid and water (1:2)•(1:100)•5

ASSAY
Protamine Sulfate• PROCEDURE

Sample solution:  Measure 2 mL of Glacial Acetic Acid into a
glass-stoppered flask, previously tared while containing about DEFINITION
20 mL of water, and weigh again to obtain the weight of the Protamine Sulfate is a purified mixture of simple protein principles
substance under assay. obtained from the sperm or testes of suitable species of fish,

Analysis:  Add 20 mL of water, then add phenolphthalein TS. which has the property of neutralizing heparin. Each mg of
Titrate with 1 N sodium hydroxide VS. Each mL of 1 N sodium Protamine Sulfate, calculated on the dried basis, neutralizes
hydroxide is equivalent to 60.05 mg of C2H4O2. NLT 100 USP Heparin Units.

Acceptance criteria:  99.5%–100.5%
ASSAY

IMPURITIES
Inorganic Impurities

Change to read:• LIMIT OF NONVOLATILE RESIDUE:  Evaporate 20 mL in a tared
dish, and dry at 105° for 1 h: the weight of the residue does
not exceed 1.0 mg. • PROCEDURE• HEAVY METALS 〈231〉:  NMT 5 ppm Sample solution:  1 mg/mL of Protamine Sulfate in Water forSample solution:  To the residue obtained in the test for Injection, calculated on the dried basisLimit of Nonvolatile Residue add 8 mL of 0.1 N hydrochloric Plasma preparation:  Collect blood from sheep directly into aacid, warm gently until solution is complete, dilute with vessel containing 8% sodium citrate solution in the proportionwater to 100 mL, and use 20 mL. of 1 volume to each 19 volumes of blood to be collected. Mix

immediately by gentle agitation and inversion of the vessel.
Promptly centrifuge the blood, and pool the separated
plasma. To a 1-mL portion of the pooled plasma in a clean
test tube, add 0.2 mL of calcium chloride solution (1 in 100),
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and mix. Consider the plasma suitable for use if a solid clot CT = concentration of Titrant (USP Heparin Units/mL)
forms within 5 min. To store plasma for future use, subdivide VS = volume of Sample solution (mL)
the pooled lot into portions not exceeding 100 mL in volume, CS = concentration of protamine sulfate (mg/mL)
and store in the frozen state, preventing even partial thawing Calculate the potency of the Protamine Sulfate as the average
before use. For use in the Assay, thaw the frozen plasma in a of the 18 values. Calculate the 3 standard deviations for the
water bath at a temperature not exceeding 37°. Remove par- results obtained with each of the sample solutions. Calculate
ticulate matter by straining the thawed plasma through a the 3 standard deviations for the results obtained with each
coarse filter. of the 3 independent assays. The Assay is valid if each of the

Heparin solution:  139 USP Heparin Units/mL in saline TS 6 standard deviations is NMT 5% of the average result.
from USP Heparin Sodium RS. [NOTE—Prepare on the day of Acceptance criteria:  Each mg of Protamine Sulfate neutralizes
use.] NLT 100 USP Heparin Units, on the dried basis.•5

Calcium–thromboplastin solution:  Dissolve in calcium chlo-
OTHER COMPONENTSride solution (1 in 50) a quantity of thromboplastin that is
• NITROGEN DETERMINATION, Method II 〈461〉sufficient, as determined by preliminary trial if necessary, to

Acceptance criteria:  22.5%–25.5% of N, on the dried basis.produce clotting in about 35 s in a mixture consisting of
equal volumes of plasma and a mixture of 4 volumes of saline SPECIFIC TESTSTS and 1 volume of the prepared calcium– • LOSS ON DRYING 〈731〉:  Dry a sample at 105° for 3 h: it losesthromboplastin solution. NMT 5% of its weight.Analysis:  Into each of 10 meticulously cleansed, 13- × 100-
mm test tubes, pipet 2.5 mL of Plasma preparation. Place the
tubes in a water bath at 37 ± 0.2°, and to nine of them, add Change to read:
0.5 mL of the Sample solution. Into the 10th tube, to provide
the control, pipet 2 mL of saline TS and 0.5 mL of Cal-

• ULTRAVIOLET ABSORBANCEcium–thromboplastin solution, noting the time, to the nearest
Sample solution:  1.0% solution of Protamine Sulfate •insecond, when the Calcium–thromboplastin solution is added.
water•5While mixing with a wire loop, note the time of the first ap-

Spectrometric conditionspearance of fibrin fibers, and record it to the nearest second.
(See Spectrophotometry and Light-Scattering 〈851〉.)The elapsed time is the normal clotting time of the plasma.
Mode:  UVPipet into the nine remaining tubes the following volumes, in
Wavelength range:  Between 260 and 280 nmmL, of Heparin solution: 0.43, 0.45, 0.47, 0.49, 0.50, 0.51,
Blank:  Water0.53, 0.55, and 0.57, respectively. To each tube, add saline TS

Acceptance criteria:  The difference in absorbance betweento make 4.5 mL. Taking the tubes in random order, add 0.5
260 and 280 nm of the Sample solution against the Blank ismL of Calcium–thromboplastin solution, and note the clotting
NMT 0.1.time in each tube in the same manner as for the control tube.

• SULFATECalculate the number of USP Heparin Units/mg neutralized:
Sample:  150 mg

Result = NS/WU Analysis:  Dissolve the Sample in 75 mL of water, add 5 mL of
3 N hydrochloric acid, heat to boiling, and while maintaining

NS = number of USP Heparin Units in the last tube at the boiling point, slowly add 10 mL of barium chloride TS.
before the first one in which the clotting time is Cover the vessel, and allow the mixture to stand on a steam
NLT 2 s longer than that in the control tube bath for 1 h. Filter, wash the precipitate with several portions

WU = quantity of Protamine Sulfate in the last tube of hot water, dry, and ignite to constant weight. The weight
before the first one in which the clotting time is of the barium sulfate, multiplied by 0.4117, represents the
NLT 2 s longer than that in the control tube weight of sulfate in the portion of Protamine Sulfate taken.
(mg) Acceptance criteria:  16%–22% on the dried basis

Acceptance criteria:  Each mg of Protamine Sulfate neutralizes
ADDITIONAL REQUIREMENTSNLT 100 USP Heparin Units, on a dried basis.
• PACKAGING AND STORAGE:  Preserve in tight containers in a•Sample solution A:  0.15 mg/mL of Protamine Sulfate in

refrigerator.water
Sample solution B:  Dilute 2.0 mL of Sample solution A with
water to 3.0 mL. Change to read:Sample solution C:  Dilute 1.0 mL of Sample solution A with
water to 3.0 mL.

Titrant:  USP Heparin Sodium for Assays RS in water (about • USP REFERENCE STANDARDS 〈11〉
80–120 USP Heparin Units/mL) USP Heparin Sodium •for Assays•5 RS

Analysis:  [NOTE—Titrate each sample solution in duplicate.]
Transfer a volume of sample solution to the analytical cell of a
suitable colorimeter, and set the apparatus for measurement
at a suitable wavelength (none is critical) in the visible range. BRIEFING
Add Titrant in small volumes until there is a sharp increase in
the absorbance, and note the volume of Titrant added. Per-
form the entire Assay in triplicate for a total of 18 Protamine Sulfate Injection,  USP 32 page 3435. See the
determinations. Briefing under Protamine Sulfate. In the absence of any signifi-
Calculate the number of USP Heparin Units in the volume of cant adverse comments, it is proposed to implement this revi-
Titrant added at the endpoint per mg of Protamine Sulfate. sion via the Fifth Interim Revision Announcement pertaining to
Calculate the USP Heparin Units neutralized per mg of Prota- USP 32–NF 27, with an official date of October 1, 2010.
mine Sulfate taken:

Result = (VT × CT)/(VS × CS)
(BB BBP: A. Szajek.) RTS—C78161

VT = volume of Titrant added (mL)
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•Analysis:  [NOTE—Titrate Sample solution in duplicate.] Trans-Protamine Sulfate Injection
fer the same volume of the Sample solution to the analytical
cell as used in the Assay for the drug substance. Proceed asDEFINITION
directed in the Assay under Protamine Sulfate, using the same
concentration of Titrant and the same wavelength as used in

Change to read: the Assay for the drug substance. The concentration of the
Sample solution of the drug substance should also be 0.15
mg/mL. Perform the entire Assay in triplicate, and calculate

Protamine Sulfate Injection is a sterile, isotonic solution of Prota- the average of the triplicate determinations. The percentage of
mine Sulfate. •Each mg of Protamine Sulfate, used in the man- the label claim is given as follows:
ufacture of the Injection, neutralizes NLT 100 USP Heparin
Units, calculated on the dried basis.•5 It contains NLT 90.0% Result = (v/V) × 100
and NMT 120.0% of the labeled amount of protamine sulfate.

v = volume of Titrant added to the Injection Sample
IDENTIFICATION solution (mL)
• IDENTIFICATION TESTS—GENERAL, Sulfate 〈191〉 V = volume of Titrant added to the drug substance

Sample solution (mL)ASSAY •5

Acceptance criteria:  NLT••5 90.0%–120.0%
Change to read:

SPECIFIC TESTS
• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 7.0 USP

Endotoxin Units/mg of protamine sulfate.• PROCEDURE
• OTHER REQUIREMENTS:  It meets the requirements under Injec-Sample solution:  1 mg/mL•0.15 mg/mL•5 of protamine sul-

tions 〈1〉.fate in Water for Injection from a measured volume of
Injection

ADDITIONAL REQUIREMENTSPlasma preparation:  Collect blood from sheep directly into a
• PACKAGING AND STORAGE:  Preserve in single-dose containers,vessel containing 8% sodium citrate solution in the proportion

preferably of Type I glass. Store at controlled roomof 1 volume to each 19 volumes of blood to be collected. Mix
temperature.immediately by gentle agitation and inversion of the vessel.

• LABELING:  Label it to indicate the approximate neutralizationPromptly centrifuge the blood, and pool the separated
capacity in USP Heparin Units.plasma. To a 1-mL portion of the pooled plasma in a clean

test tube, add 0.2 mL of calcium chloride solution (1 in 100),
and mix. Consider the plasma suitable for use if a solid clot Change to read:
forms within 5 min. To store plasma for future use, subdivide
the pooled lot into portions not exceeding 100 mL in volume,
and store in the frozen state, preventing even partial thawing • USP REFERENCE STANDARDS 〈11〉
prior to use. For use in the Assay, thaw the frozen plasma in a USP Endotoxin RS
water bath at a temperature not exceeding 37°. Remove par- USP Heparin Sodium •for Assays•5 RS
ticulate matter by straining the thawed plasma through a
coarse filter.

Heparin solution:  139 USP Heparin Units/mL in saline TS
BRIEFINGfrom USP Heparin Sodium RS. [NOTE—Prepare on the day of

use]
Calcium–thromboplastin solution:  Dissolve in a calcium
chloride solution (20 mg/mL) a quantity of thromboplastin Protamine Sulfate for Injection,  USP 32 page 3435. See the
that is sufficient, as determined by preliminary trial if neces- Briefing under Protamine Sulfate. In the absence of any signifi-
sary, to produce clotting in 35 s in a mixture consisting of cant adverse comments, it is proposed to implement this revi-
equal volumes of plasma and a mixture of 4 volumes of saline sion via the Fifth Interim Revision Announcement pertaining to
TS and 1 volume of the prepared calcium–thromboplastin USP 32–NF 27, with an official date of October 1, 2010.
solution.

Analysis:  Into each of 10 meticulously cleansed 13- × 100-
mm test tubes, pipet 2.5 mL of Plasma preparation. Place the

(BB BBP: A. Szajek.) RTS—C78162tubes in a water bath at 37 ± 0.2°, and to each of nine of
them, add 0.5 mL of Sample solution. Into the 10th tube, to
provide the control, pipet 2 mL of saline TS and 0.5 mL of
Calcium–thromboplastin solution, noting the time, to the near- Protamine Sulfate for Injectionest s, when the Calcium–thromboplastin solution is added.
While mixing with a wire loop, note the time of the first ap-

DEFINITIONpearance of fibrin fibers, and record it to the nearest second.
The elapsed time is the normal clotting time of the plasma.
Pipet into the nine remaining tubes the following volumes, in Change to read:mL, of Heparin solution: 0.43, 0.45, 0.47, 0.49, 0.50, 0.51,
0.53, 0.55, and 0.57, respectively. To each tube, add saline TS
to make 4.5 mL. Taking the tubes in random order, add 0.5 Protamine Sulfate for Injection is a sterile mixture of Protamine
mL of Calcium–thromboplastin solution, and note the clotting Sulfate with one or more suitable, dry diluents. •Each mg of
time in each tube in the same manner as for the control tube. Protamine Sulfate, used in the manufacture of the Protamine
Calculate the potency in mg of protamine sulfate in each mL Sulfate for Injection, neutralizes NLT 100 USP Heparin Units,
of Injection taken: calculated on the dried basis.•5 It contains NLT 90.0% and

NMT 120.0% of the labeled amount of protamine sulfate.
Result = v/V

v = volume of Heparin solution in the last tube (mL)
V = volume of Injection in the last tube prior to the

first one in which the clotting time is NLT 2 s
longer than that in the control tube (mL)
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ASSAY V = volume of the Sample solution in the last tube
prior to the first one in which the clotting time
is NLT 2 s longer than in the control tube (mL)Change to read: •Analysis:  [NOTE—Titrate sample solution in duplicate.] Trans-

fer the same volume of the Sample solution to the analytical
cell as used in the Assay for the drug substance. Proceed as• PROCEDURE
directed in the Assay under Protamine Sulfate, using the sameSample solution:  1 mg/mL•0.15 mg/mL•5 of protamine sul-
concentration of Titrant and the same wavelength as used infate in Water for Injection. Dissolve from the contents of one
the Assay for the drug substance. The concentration of thecontainer of Protamine Sulfate for Injection.
Sample solution of the drug substance should also be 0.15Plasma preparation:  Collect blood from sheep directly into a
mg/mL. Perform the entire Assay in triplicate, and calculatevessel containing 8% sodium citrate solution in the proportion
the average of the triplicate determinations. The percentage ofof 1 volume to each 19 volumes of blood to be collected. Mix
the label claim is given as follows:immediately by gentle agitation and inversion of the vessel.

Promptly centrifuge the blood, and pool the separated Result = (v/V) × 100plasma. To a 1-mL portion of the pooled plasma in a clean
test tube, add 0.2 mL of calcium chloride solution (1 in 100), v = volume of Titrant added to the Protamine Sulfateand mix. Consider the plasma suitable for use if a solid clot for Injection Sample solution (mL)forms within 5 min. To store plasma for future use, subdivide V = volume of Titrant added to the drug substancethe pooled lot into portions not exceeding 100 mL in volume, Sample solution (mL)and store in the frozen state, preventing even partial thawing •5prior to use. For use in the Assay, thaw the frozen plasma in a Acceptance criteria:  90.0%–120.0%water bath at a temperature not exceeding 37°. Remove par-
ticulate matter by straining the thawed plasma through a PERFORMANCE TESTS
coarse filter. • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirements

Heparin solution:  139 USP Heparin Units/mL in saline TS
from USP Heparin Sodium RS. [NOTE—Prepare on the day of SPECIFIC TESTS
use] • INJECTIONS, Constituted Solutions 〈1〉:  At the time of use, it

Calcium–thromboplastin solution:  Dissolve in a calcium meets the requirements.
chloride solution (1 in 50) a quantity of thromboplastin that is • BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 7.0 USP
sufficient, as determined by preliminary trial if necessary, to Endotoxin Units/mg of protamine sulfate.
produce clotting in about 35 s in a mixture consisting of • STERILITY TESTS 〈71〉:  Both it and the accompanying solvent
equal volumes of plasma and a mixture of 4 volumes of saline meet the requirements
TS and 1 volume of the prepared calcium–thromboplastin • PH AND CLARITY OF SOLUTION:  Dissolve it in the solvent recom-
solution. mended in the labeling: the pH of the solution is 6.5–7.5, and

Analysis:  Into each of 10 meticulously cleansed, 13- × 100- the solution is clear.
mm test tubes, pipet 2.5 mL of Plasma preparation. Place the • OTHER REQUIREMENTS:  Both it and the accompanying solvent
tubes in a water bath at 37 ± 0.2°, and to each of nine of meet the requirements for Injections 〈1〉, Labeling.
them, add 0.5 mL of Sample solution. Into the 10th tube, to

ADDITIONAL REQUIREMENTSprovide the control, pipet 2 mL of saline TS and 0.5 mL of
• PACKAGING AND STORAGE:  Preserve as described under Injec-Calcium–thromboplastin solution, noting the time, to the near-

tions 〈1〉, Containers for Sterile Solids. Preserve the accompany-est s, when the Calcium–thromboplastin solution is added.
ing solvent in single-dose or in multiple-dose containers, pref-While mixing with a wire loop, note the time of the first ap-
erably of Type I glass.pearance of fibrin fibers, and record it to the nearest s. The

• LABELING:  Label it to indicate the approximate neutralizationelapsed time is the normal clotting time of the plasma. Pipet
capacity in USP Heparin Units.into the nine remaining tubes the following volumes, in mL,

of Heparin solution: 0.43, 0.45, 0.47, 0.49, 0.50, 0.51, 0.53,
0.55, and 0.57, respectively. To each tube, add saline TS to Change to read:
make 4.5 mL. Taking the tubes in random order, add 0.5 mL
of Calcium–thromboplastin solution, and note the clotting time
in each tube in the same manner as for the control tube. • USP REFERENCE STANDARDS 〈11〉
Calculate the potency, in mg, of protamine sulfate in each mL USP Endotoxin RS
of Sample solution taken: USP Heparin Sodium •for Assays•5 RS

Result = v/V

v = volume of Heparin solution in the last tube (mL)
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IN-PROCESS REVISION
This section contains proposals for adoption as official USP or NF standards (either proposed new standards or proposed
revisions of current USP or NF standards). These may be any of the following: (1) proposed revisions placed directly under
In-Process Revision, or (2) modifications of revisions previously proposed under In-Process Revision. Readers should review
material in this section and provide comments to the staff liaison (use the Staff Directory to find the contact information).
Information on how to comment is found in the Policies and Announcements section. It is important to send comments
promptly so that the Committee members can consider readers’ input as they are deciding whether to advance stan-
dards to official status.

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

BRIEFING

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

(DSI: D. Sarma.) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. Because of
the redesign of monographs, any proposed new text with revisions for USP 33–NF 28 and beyond will be set off from the
current official text by shading where the symbols surround the text changes. Standards that become official as Interim
Revision Announcements (IRAs) in Pharmacopeial Forum will continue to identify changed text in a larger font (print edition
only). All USP–NF revisions use the following symbols that indicate the final destination of the official text: .new text. if
slated for an IRA;

~

new text
~

if slated for USP–NF; and &new text& if slated for a Supplement to USP–NF. The same symbols
not set off by an extra paragraph break and enclosing text with no increase in type size indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as .

., or &
&, or

~

~
, it means that text has

been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA or Supplement or in-
dicates the USP or NF as the publication where the revision will appear if approved. For example, .2 indicates that the
revision is proposed for the Interim Revision Announcement that will appear in issue 2 of a given PF volume, &2S (USP 32)

indicates that the proposed revision is slated for the Second Supplement to USP 32, and
~USP33 and

~NF28 indicates that
the revisions are proposed for USP 33 and NF 28, respectively.

Official Title Changes Where the specification ‘‘Monograph title change’’ is found, it indicates that the official title
stated after that specification will be substituted for the former title in the appropriate places throughout that mono-
graph once this revision becomes official.
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Mode:  LCUSP MONOGRAPHS Detector:  UV 254 nm
Column:  4.6-mm × 5-cm; 5-µm packing L1
Column temperature:  30°
Flow rate:  1 mL/min
Injection size:  20 µL
System suitability

BRIEFING Sample:  Standard solution
Suitability requirements

Relative standard deviation:  NMT 1.5%
Abacavir Sulfate.  Because there is no existing USP Analysis
monograph for this drug substance, a new monograph, based Samples:  Standard solution and Sample solution
on validated methods of analysis, is being proposed. The liquid Calculate the percentage of (C14H18N6O)2 · H2SO4 in the por-
chromatographic procedure used in the Assay is based on tion of Abacavir Sulfate taken:
analyses performed with the Thermo Electron Hypersil BDS C18
brand of 5-µm L1 column. The typical retention time for Result = (rU/rS) × (CS/CU) × 100
abacavir is 2.2 min. The liquid chromatographic procedure used

rU = peak area of abacavir from the Sample solutionin the test for Organic Impurities, Procedure 1, is based on
rS = peak area of abacavir from the Standard solutionanalyses performed with the Waters Symmetry C18 brand of 5-
CS = concentration of USP Abacavir Sulfate RS in theµm L1 column. The typical retention time for abacavir is 17.6

Standard solution (mg/mL)min. The liquid chromatographic procedure used in the test for
CU = concentration of Abacavir Sulfate in the SampleOrganic Impurities, Procedure 2, is based on analyses performed

solution (mg/mL)with the Chiral Technologies Chiralpak AD brand of 10-µm L51
Acceptance criteria:  97.0%–102.0% on the anhydrous andcolumn. The typical retention time for abacavir is 18.6 min.
solvent-free basis

IMPURITIES
(MD-AA: F. Mao, B. Davani.) RTS—C53624 Inorganic Impurities

• RESIDUE ON IGNITION 〈281〉:  NMT 0.2%
Organic Impurities
• PROCEDURE 1: RELATED COMPOUNDS

Solution A:  Trifluoroacetic acid and water (0.05:99.95)
Solution B:  Methanol and water (17:3)Add the following:
Mobile phase:  See the gradient table below.

■Abacavir Sulfate Time Solution A Solution B
(min) (%) (%)

0 95 5
20 70 30
35 10 90

35.1 95 5
50 95 5

(C14H18N6O)2 · H2SO4 670.74 System suitability solution:  0.25 mg/mL of USP Abacavir
2-Cyclopentene-1-methanol, 4-[2-amino-6-(cyclopropylamino)- Related Compounds Mixture RS in water

9H-purin-9-yl]-, (1S-cis)-, sulfate (salt) (2:1); Sample solution:  0.25 mg/mL of Abacavir Sulfate in water
(1S,4R)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-yl]-2- Chromatographic system

cyclopentene-1-methanol sulfate (salt) (2:1) [188062-50-2]. (See Chromatography 〈621〉, System Suitability.)
Mode:  LCDEFINITION Detector:  UV 254 nm Abacavir Sulfate contains NLT 97.0% and NMT 102.0% of Column:  3.9-mm × 15-cm; 5-µm packing L1(C14H18N6O)2 · H2SO4, calculated on the anhydrous and solvent- Column temperature:  30°free basis. Flow rate:  1 mL/min
Injection size:  20 µLIDENTIFICATION
System suitability• A. INFRARED ABSORPTION 〈197K〉
Sample:  System suitability solution• B.  The retention time of the major peak of the Sample solu-
Suitability requirementstion corresponds to that of the System suitability solution, ob-
Resolution:  NLT 1.5 between abacavir and trans-tained as directed in the test for Organic Impurities, Procedure
abacavir2.

Analysis• C. IDENTIFICATION TESTS—GENERAL, Sulfate 〈191〉
Sample:  Sample solutionSample solution:  5 mg/mL
Calculate the percentage of each impurity in the portion of
Abacavir Sulfate taken:ASSAY

• PROCEDURE
Result = (rU/rT) × 100Mobile phase:  Acetonitrile, phosphoric acid, and water

(20:1:180)
rU = peak area of each impurity from the SampleStandard solution:  0.04 mg/mL of USP Abacavir Sulfate RS in

solutionwater
rT = sum of the areas of all the peaks from the Sam-Sample solution:  0.04 mg/mL of Abacavir Sulfate in water

ple solutionChromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Acceptance criteria Analysis
Individual impurities:  See Impurity Table 1. Sample:  Sample solution
Total impurities:  NMT 0.8% Calculate the percentage of abacavir enantiomer in the por-

tion of Abacavir Sulfate taken:
Impurity Table 1 Result = (rU/rT) × 100

Relative Acceptance
rU = peak area of abacavir enantiomer from the Sam-Retention Criteria,

ple solutionName Time NMT (%)
rT = total peak areas of abacavir and abacavir enanti-Descyclopropyl abacavira 0.54 0.2

omer from the Sample solution
Abacavir 1.00 — Acceptance criteria
trans-Abacavirb 1.04 0.2 Individual impurities:  NMT 0.3% of abacavir enantiomer
O-Pyrimidine derivative 1.33 0.2

SPECIFIC TESTSabacavirc

• WATER DETERMINATION, Method Ic 〈921〉:  NMT 0.5%t-Butyl derivative abacavird 1.67 0.2
Any unspecified impurity — 0.1 ADDITIONAL REQUIREMENTS
a [(1S,4R)-4-(2,6-Diamino-9H-purin-9-yl)cyclopent-2-enyl]methanol. • PACKAGING AND STORAGE:  Preserve in well-closed containers.
b {(1R,4R)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-yl]-cyclopent-2- Store at room temperature.
enyl}methanol. • USP REFERENCE STANDARDS 〈11〉

c N6-Cyclopropyl-9-{(1R,4S)-4-[(2,5-diamino-6-chloropyrimidin-4- USP Abacavir Sulfate RS
yloxy)methyl]cyclopent-2-enyl}-9H-purine-2,6-diamine. USP Abacavir Stereoisomers Mixture RS—A mixture of abacavir

d 9-[(1R,4S)-4-(tert-Butoxymethyl)cyclopent-2-enyl]-N6-cyclopropyl-9H-pu- sulfate, abacavir enantiomer, and trans-abacavir
rine-2,6-diamine. USP Abacavir Related Compounds Mixture RS—A mixture of

 abacavir glutarate, O-pyrimidine derivative abacavir,
descyclopropyl abacavir, trans-abacavir, and t-butyl derivative• PROCEDURE 2: ENANTIOMERIC PURITY abacavir■1S (USP34)Solution A:  Heptane, 2-propanol, and diethylamine

(850:150:1).
Solution B:  Heptane and 2-propanol (1:1)
Mobile phase:  See the gradient table below. BRIEFING

Time Solution A Solution B Flow Rate
(min) (%) (%) (mL/min) Abacavir Oral Solution.  Because there is no existing USP

monograph for this drug product, a new monograph is pro-0 100 0 1.0
posed based on validated methods of analysis. The liquid chro-25 100 0 1.0
matographic procedure in the test for Organic Impurities and the27 0 100 0.8
Assay is based on analysis performed with a Waters Symmetry

37 0 100 0.8 C18, 5-µm brand of L1 column. The typical retention time for
39 100 0 1.0 abacavir is about 20 min.
55 100 0 1.0

Diluent:  Methanol and trifluoroacetic acid (200:1)
(MD-AA: F. Mao, B. Davani.) RTS—C53698System suitability solution:  Transfer a quantity of USP Aba-

cavir Stereoisomers Mixture RS to a suitable volumetric flask,
add a volume of Diluent equivalent to 30% of the final vol-
ume, and sonicate until the solid is fully dissolved. Add a
volume of 2-propanol equivalent to about 30% of the final
volume, mix, and dilute with heptane to volume to obtain Add the following:
0.4 mg/mL of USP Abacavir Stereoisomers Mixture RS.

Sample solution:  Transfer 4 mg of Abacavir Sulfate to a 10-
mL volumetric flask. Add 3 mL of Diluent, and sonicate until ■Abacavir Oral Solution
the solid is fully dissolved. Add 3 mL of 2-propanol, mix, and
dilute with heptane to volume. DEFINITION

Chromatographic system Abacavir Oral Solution contains NLT 90.0% and NMT 110.0% of
(See Chromatography 〈621〉, System Suitability.) the labeled amount of abacavir (C14H18N6O).
Mode:  LC
Detector:  UV 286 nm IDENTIFICATION
Column:  4.6-mm × 25-cm; 10-µm packing L51 • The retention time of the major peak of the Sample solution
Column temperature:  30° corresponds to that of the Standard solution, as obtained in
Injection size:  20 µL the Assay.
System suitability

ASSAY[NOTE—The relative retention times for trans-abacavir, aba-
• PROCEDUREcavir enantiomer, and abacavir are 0.8, 0.9, and 1.0,

Solution A:  Trifluoroacetic acid and water (0.05:99.95)respectively.]
Solution B:  Methanol and water (17:3)Sample:  System suitability solution
Diluent:  1 mL of phosphoric acid diluted with water to 1000Suitability requirements
mLResolution:  NLT 1.0 between trans-abacavir and aba-

cavir enantiomer; NLT 1.5 between abacavir enantiomer
and abacavir
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Mobile phase:  See the gradient table below. Analysis
Samples:  Diluent, Standard solution, Sample solution, and
Sensitivity solution. [NOTE—In the Sample solution disregard

Time Solution A Solution B any peaks identified in the Diluent and any peak with a
(min) (%) (%) peak area less than the abacavir peak area in the Sensitivity

0 95 5 solution.]
20 70 30 Calculate the percentage of each impurity in the portion of

Oral Solution taken:35 10 90
40 10 90

Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
41 0 100
50 0 100 rU = peak area response of abacavir from the Sample
51 95 5 solution

rS = peak area response of abacavir from the Stan-55 95 5
dard solution

System suitability solution:  0.2 mg/mL of USP Abacavir Sys- CS = concentration of USP Abacavir Sulfate RS in the
tem Suitability Mixture RS in Diluent Standard solution (mg/mL)

Standard solution:   0.46 mg/mL of USP Abacavir Sulfate RS CU = concentration of abacavir in the Sample solution
in Diluent (mg/mL)

Sample solution:  Equivalent to 0.4 mg/mL of abacavir in Di- F = relative response factor for each impurity from
luent, from Abacavir Oral Solution. [NOTE—Sonicate, if Impurity Table 1
necessary.] Mr1 = molecular weight of abacavir mutiplied by 2,

Chromatographic system 572.66
(See Chromatography 〈621〉, System suitability.) Mr2 = molecular weight of abacavir sulfate, 670.74
Mode:  LC Acceptance criteria
Detector:  UV 254 nm Individual impurities:  See Impurity Table 1.
Column:  3.9-mm × 15-cm; 5-µm packing L1 Total impurities:  NMT 2.0%
Temperature:  30°
Flow rate:  0.8 mL/min Impurity Table 1
Injection size:  10 µL

System suitability Relative Relative Acceptance
Samples:  System suitability solution and Standard solution Retention Response Criteria,
Suitability requirements Name Time Factor NMT (%)

Resolution:  NLT 1.5 between abacavir and trans abacavir, Cyclopropyldiami- 0.57 1.4 0.3
System suitability solution nopurine abacavira

Relative standard deviation:  NMT 2.0%, Standard Descyclopropyl 0.68 1.0 0.8
solution abacavirb

Analysis
Abacavir 1.00 — —Samples:  Standard solution and Sample solution
Trans abacavirc 1.04 1.0 —Calculate the percentage of C14H18N6O in the portion of Oral
Any individual un- — 1.0 0.2Solution taken:
specified impurity

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 a N6-Cyclopropyl-9H-purine-2,6-diamine.
b [(1S,4R)-4-(2,6-Diamino-9H-purin-9-yl)cyclopent-2-enyl]methanol.

rU = peak area response of abacavir from the Sample c {(1R,4R)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-yl]-cyclopent-2-
solution enyl}methanol. It is a process impurity and monitored in the drug substance.

rS = peak area response of abacavir from the Standard  
solution

SPECIFIC TESTSCS = concentration of USP Abacavir Sulfate RS in the
• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-Standard solution (mg/mL)

CROORGANISMS 〈62〉:  The total aerobic microbial count doesCU = concentration of abacavir in the Sample solution
not exceed 102 cfu/mL, and the total combined molds and(mg/mL)
yeast count does not exceed 10 cfu/mL. It also meets the re-Mr1 = molecular weight of abacavir mutiplied by 2,
quirement for absence of Escherichia coli.572.66

• PH 〈791〉:  3.8–4.5Mr2 = molecular weight of abacavir sulfate, 670.74
Acceptance criteria:  90.0%–110.0%

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in well-closed containers.PERFORMANCE TESTS

Store at controlled room temperature.• DELIVERABLE VOLUME 〈698〉:  Meets the requirements
• USP REFERENCE STANDARDS 〈11〉

IMPURITIES USP Abacavir Sulfate RS
Organic Impurities USP Abacavir System Suitability Mixture RS [USP Abacavir Sys-
• PROCEDURE tem Suitability Mixture RS contains Abacavir Sulfate and

Diluent, Solution A, Solution B, Mobile phase, System suit- Trans Abacavir]■1S (USP34)
ability solution, Standard solution, Sample solution, Chro-
matographic system, and System suitability:  Proceed as
directed in the Assay.

Sensitivity solution:  0.2 µg/mL of USP Abacavir Sulfate RS
in Diluent, from the Standard solution. [NOTE—The concentra-
tion of this solution is 0.05% of the nominal concentration of
the Sample solution.]
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BRIEFING Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 15-cm; packing L1
Flow rate:  0.8 mL/minAbacavir Tablets.  Because there is no existing USP mono-
Injection size:  10 µLgraph for this drug product, a new monograph based on vali-

System suitabilitydated methods of analyses, is being proposed. The proposed
Samples:  Standard solution and System suitability solutionliquid chromatographic procedure in the Assay and in the test
Suitability requirementsfor Organic Impurities is based on analyses performed with the

Resolution:  NLT 1.5 between abacavir and trans-abacavir,Waters Symmetry C18 brand of L1 column. The typical retention
System suitability solutiontime for the abacavir peak is 20 min.

Relative standard deviation:  NMT 2.0%, Standard
solution

Analysis
(MD-AA: H. Ramanathan, B. Davani. BPC: M. Marques.) RTS— Samples:  Standard solution and Sample solution
C55184 Calculate the percentage of C14H18N6O in the portion of Tab-

lets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU = peak response of abacavir from the Sample solu-Add the following:
tion

rS = peak response of abacavir from the Standard so-
lution■Abacavir Tablets

CS = concentration of abacavir sulfate in the Standard
solution (mg/mL)DEFINITION CU = nominal concentration of abacavir in the SampleAbacavir Tablets contain Abacavir Sulfate equivalent to NLT solution (mg/mL)90.0% and NMT 110.0% of the labeled amount of abacavir Mr1 = molecular weight of abacavir multiplied by 2,(C14H18N6O). 572.66

Mr2 = molecular weight of abacavir sulfate, 670.74IDENTIFICATION
Acceptance criteria:  90.0%–110.0%• The retention time of the major peak of the Sample solution

corresponds to that of the Standard solution, as obtained in PERFORMANCE TESTSthe Assay. • DISSOLUTION 〈711〉
Medium:  0.1 N hydrochloric acid; 900 mLASSAY
Apparatus 2:  75 rpm• PROCEDURE
Time:  15 minDiluent:  1.0 mL of phosphoric acid in 1 L of water
Standard solution:  0.39 mg/mL of USP Abacavir Sulfate RS inSolution A:  Trifluoroacetic acid and water (0.05:99.95)
MediumSolution B:  Methanol and water (85:15)

Sample solution:  Pass a portion of the solution under testMobile phase:  See the gradient table below.
through a suitable filter of 0.45-µm pore size.

Spectrometric conditions
Time Solution A Solution B Mode:  UV absorption spectroscopy
(min) (%) (%) Analytical wavelength:  254 nm

0 95 5 Blank:  Medium
Calculate the percentage of abacavir dissolved:20 70 30

35 10 90
Result = (AU/AS) × (Cs/L) × (Mr1/Mr2) × V × 100

40 10 90
41 95 5 AU = absorbance of the Sample solution

AS = absorbance of the Standard solution50 95 5
CS = concentration of the Standard solution (mg/mL)

System suitability solution:  0.2 mg/mL of USP Abacavir Sys- L = Tablet label claim (mg)
tem Suitability Mixture RS in Diluent Mr1 = molecular weight of abacavir multiplied by 2,

Standard solution:  0.21 mg/mL of abacavir sulfate in Diluent 572.66
(equivalent to 0.18 mg/mL of abacavir), from USP Abacavir Mr2 = molecular weight of abacavir sulfate, 670.74
Sulfate RS V = volume of Medium, 900 mL

Sample stock solution:  Transfer the equivalent to 1500 mg Tolerances:  NLT 80% (Q) of the labeled amount of abacavir
of abacavir, from a portion of Tablets, into a 250-mL volumet- is dissolved.
ric flask. Add 150 mL Diluent. Shake mechanically for 45 min. • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
Dilute with Diluent to volume. Pass a portion through a suita-

IMPURITIESble filter of 0.45-µm or finer pore size. Discard the first 3 mL
Organic Impuritiesof the filtrate.
• PROCEDURESample solution:  0.18 mg/mL of abacavir in Diluent using

Diluent, Solution A, Solution B, Mobile phase, System suit-the filtrate obtained in the Sample stock solution
ability solution, Standard solution, Sample solution, andChromatographic system
Chromatographic system:  Proceed as directed in the(See Chromatography 〈621〉, System Suitability.)
Assay.

Analysis: [NOTE—Record the chromatograms for 2.5 times the
retention time of abacavir.]
Samples:  Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of
Tablets taken:

Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
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rU = peak response of each impurity from the Sample Add the following:
solution

rS = peak response of abacavir from the Standard so-
lution ■Alprazolam Extended-Release Tablets

CS = concentration of USP Abacavir Sulfate RS in the
Standard solution (mg/mL) DEFINITION

CU = nominal concentration of abacavir in the Sample Alprazolam Extended-Release Tablets contain NLT 90.0% and
solution (mg/mL) NMT 110.0% of the labeled amount of alprazolam

F = relative response factor for each impurity as (C17H13CIN4).listed in Impurity Table 1
Mr1 = molecular weight of abacavir multiplied by 2, IDENTIFICATION

572.66 • The retention time of the major peak of the Sample solution
Mr2 = molecular weight of abacavir sulfate, 670.74 corresponds to that of the Standard solution, as obtained in

Acceptance criteria the Assay.
Individual impurities:  See Impurity Table 1.

ASSAYTotal impurities:  NMT 1.0%
• PROCEDURE

Mobile phase:  Acetonitrile, water, and phosphoric acidImpurity Table 1
(350:650:1)

Standard solution:  0.05 mg/mL of USP Alprazolam RS inRelative Relative Acceptance
methanolRetention Response Criteria,

Sample solution:  Transfer an appropriate number of TabletsName  Time  Factor  NMT (%)
into a suitable volumetric flask to obtain a nominal concentra-Cyclopropyldiami- 0.57 1.4 0.2
tion of about 0.05 mg/mL of alprazolam. Sonicate in 80% ofnopurine aba-
the flask volume of methanol for 15 min, shake mechanicallycavira

for 30 min, dilute with methanol to final volume, filter a por-Descyclopropyl 0.68 1.0 0.2
tion, and discard the first 3 mL of filtrate.abacavirb

Chromatographic system
Abacavir 1.0 — — (See Chromatography 〈621〉, System Suitability.)
trans-Abacavirc,d 1.04 — — Mode:  LC
Any other individ- — 1.0 0.2 Detector:  UV 254 nm
ual impurity Column:  4.6-mm × 15-cm; 5-µm packing L7

Column temperature:  30°a N6-Cyclopropyl-9H-purine-2,6-diamine.
Flow rate:  1 mL/minb [(1S,4R)-4-(2,6-Diamino-9H-purin-9-yl)-cyclopent-2-enyl]methanol.
Injection size:  10 µLc {(1R,4R)-4-[2-Amino-6-(cyclopropylamino)-9H-purin-9-yl]-cyclopent-2-

System suitabilityenyl}methanol.
Sample:  Standard solutiond Process impurity monitored in the drug substance.
Suitability requirements

ADDITIONAL REQUIREMENTS Tailing factor:  NMT 2.0 for alprazolam
• PACKAGING AND STORAGE:  Preserve in well-closed containers. Efficiency:  NLT 3000 theoretical plates for alprazolam

Store at room temperature. Relative standard deviation:  NMT 2.0%
•  USP REFERENCE STANDARDS 〈11〉 Analysis

USP Abacavir Sulfate RS Samples:  Standard solution and Sample solution
USP Abacavir System Suitability Mixture RS—A mixture of aba- Calculate the percentage of C17H13ClN4, based on the label
cavir sulfate and trans-abacavir.■1S (USP34) claim, in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

BRIEFING rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Alprazolam RS in the Stan-

dard solution (mg/mL)Alprazolam Extended-Release Tablets.  Because there is no
CU = nominal concentration of alprazolam in the Sam-existing USP monograph for this dosage form, a new mono-

ple solution (mg/mL)graph is being proposed. The liquid chromatographic procedure
Acceptance criteria:  90.0%–110.0%in the Assay was validated with a Zorbax RX C8 brand of L7

column, in which alprazolam elutes at about 5.6 min. The Disso-
PERFORMANCE TESTSlution test was validated with a Whatman Partisil C8 brand of L7
• DISSOLUTION 〈711〉column, in which alprazolam has a typical retention time of 3.5

Medium:  pH 6.0 phosphate buffer (dissolve 8.0 g of monoba-min. The liquid chromatographic procedure in the test for Or-
sic potassium phosphate and 2.0 g of dibasic potassium phos-ganic Impurities was validated with a Zorbax Eclipse XDS C8
phate in 1 L of water; adjust with phosphoric acid or 5 Nbrand of L7 column, in which alprazolam related compound A
potassium hydroxide to a pH of 6.0 ± 0.1); 500 mLand alprazolam elute at about 9.5 and about 21.2 min,

Apparatus 1:  100 rpmrespectively.
Time:  1, 4, 8, and 12 h
Mobile phase:  Acetonitrile, tetrahydrofuran, and Medium
(7:1:12)

(MD-PP: R. Ravichandran. BPC: M. Marques.) RTS—C85405 Standard stock solution:  0.5 mg/mL of USP Alprazolam RS
in acetonitrile

Standard solution:  (L/500) mg/mL of USP Alprazolam RS in
Medium from the Standard stock solution, where L is the label
claim in mg/Tablet

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

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode:  LC Mode:  LC
Detector:  UV 254 nm Detector:  UV 230 nm
Column:  4.6-mm × 10-cm; 5-µm packing L7 Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1 mL/min Sample temperature:  5°
Injection size:  100 µL Flow rate:  1.5 mL/min

System suitability Injection size:  10 µL
Sample:  Standard solution System suitability

Suitability requirements Samples:  System suitability solution and Standard solution
Tailing factor:  NMT 2.0 [NOTE—The relative retention times are in Impurity Table 1.]
Column efficiency:  NLT 3000 theoretical plates Suitability requirements
Relative standard deviation:  NMT 2.0% Resolution:  NLT 1.5 between nordazepam and alprazo-

Analysis lam; NLT 1.5 between chlordiazepoxide related com-
Samples:  Standard solution and Sample solution pound A and alprazolam related compound A, System
Calculate the percentage of alprazolam dissolved: suitability solution

Tailing factor:  NMT 2.0 for the alprazolam peak, System
Result = (rU/rS) × (CS/LC) × V × 100 suitability solution

Relative standard deviation:  NMT 5%, Standard solution
rU = peak response from the Sample solution Analysis
rS = peak response from the Standard solution Samples:  Standard solution and Sample solution
CS = concentration of USP Alprazolam RS in the Stan- Calculate the percentage of each impurity in the portion of

dard solution (mg/mL) Tablets taken:
LC = Tablet label claim (mg)
V = volume of Medium, 500 mL Result = (rU/rS) × (CS/CU) × (1/F) × 100

Tolerances:  The percentages of the labeled amount of
C17H13CIN4 released at the times specified conform to Accep- rU = peak response of the impurity from the Sample
tance Table 2. solution

rS = peak response from the Standard solution
CS = concentration of USP Alprazolam RS in the Stan-

Amount DissolvedTime dard solution (mg/mL)
 (h) 0.5-mg Tablet 2-mg Tablet 3-mg Tablet CU = nominal concentration of alprazolam in the Sam-

1 NMT 25% NMT 20% NMT 20% ple solution (mg/mL)
F = relative response factor for each impurity listed4 40%–60% 30%–55% 30%–55%

in Impurity Table 18 70%–90% 65%–90% 65%–90%
Acceptance criteria12 NLT 85% NLT 85% NLT 85%

Individual impurities:  See Impurity Table 1.
Total impurities:  NMT 2.0%•  UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

IMPURITIES Impurity Table 1
Organic Impurities
• PROCEDURE Relative Relative Acceptance

Buffer:  5.4 g/L of monobasic potassium phosphate (KH2PO4)  Retention  Response Criteria,
in water. Adjust with phosphoric acid to a pH of 3.4. Name Time  Factor NMT (%)

Solution A:  Acetonitrile, methanol, and Buffer (27:10:63) Chlordiazepoxide 0.36 1.0 —
Solution B:  Acetonitrile, methanol, and Buffer (7:3:10) related com-
System suitability solution:  1 µg/mL each of USP pound Aa,e

Chlordiazepoxide Related Compound A RS, USP Alprazolam USP Alprazolam 0.45 0.7 0.5
Related Compound A RS, and USP Nordazepam RS; and 0.4 Related Com-
µg/mL of USP Alprazolam RS in methanol pound A RSb

Standard solution:  0.4 µg/mL of USP Alprazolam RS in
Nordazepamc,e 0.8 1.0 —methanol
Alprazolam 1.0 — —Sample solution:  From NLT 20 Tablets ground to a fine
2-Amino-5- 1.8 0.9 0.5powder, transfer an amount of powder to a suitable flask, to
chloro-benzo-obtain a nominal concentration of 0.2 mg/mL of alprazolam
phenonein methanol. [NOTE—Sonicate for 15 min to dissolve the con-

tents.] Filter a portion and discard the first 1 mL of the Amino-derivatived 2.2 1.2 0.5
filtrate. Any other indi- — 1.0 0.2

vidual degrada-
tion productTime Solution A Solution B

a α-Chloro-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one 4-oxide.(min)  (%) (%)
b 2-(2-Acetylhydrazino)-7-chloro-5-phenyl-3H-1,4-benzodiazepine.0 95 5
c 7-Chloro-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one (reported as un-

22 95 5 specified impurity).
25 15 85 d 7-Chloro-1-methyl-5-phenyl[1,2,4]triazolo[4,3-a]quinolin-4-amine.
60 15 85 e If present meets the requirement for any other individual degradation prod-

uct.60.1 95 5
70 95 5 ADDITIONAL REQUIREMENTS

• PACKAGING AND STORAGE:  Store in tight, light-resistant con-Chromatographic system tainers, at room temperature.(See Chromatography 〈621〉, System Suitability.) • USP REFERENCE STANDARDS 〈11〉
USP Alprazolam RS
USP Alprazolam Related Compound A RS
USP Chlordiazepoxide Related Compound A RS
USP Nordazepam RS■1S (USP34)
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rU = peak response of citalopram from the Sample so-BRIEFING
lution

rS = peak response of citalopram from the Standard
solutionCitalopram Oral Solution.  Because there is no existing USP CS = concentration of USP Citalopram Hydrobromidemonograph for this dosage form, a new monograph is being RS in the Standard solution (mg/mL)proposed. The liquid chromatographic procedures in the Assay CU = nominal concentration of citalopram in the Sam-were validated with a Hypersil BDS brand of L1 column, in ple solution (mg/mL)which citalopram elutes at about 7.4 min. The liquid chromato- Mr1 = molecular weight of citalopram free base,graphic procedures in the test for Organic Impurities were vali- 324.39dated with a Hypersil BDS brand of L1 column, in which Mr2 = molecular weight of citalopram hydrobromide,citalopram elutes at about 7.9 min and citalopram related com- 405.30pound D elutes at 8.6 min. Acceptance criteria:  90.0%–105.0% of citalopram free base

(C20H21FN2O)

IMPURITIES(MD-PP: R. Ravichandran. MSA: R. Tirumalai.) RTS—C84644
Organic Impurities
• PROCEDURE

Buffer:  Dissolve 3.0 g of 1-octane sulphonic acid sodium salt
in 1 L of water. Add 2 mL of triethylamine and 5 mL of tetra-
n-butyl ammonium hydroxide (40% aqueous solution). MixAdd the following: and adjust with phosphoric acid to a pH of 3.0.

Solution A:  Acetonitrile:methanol:tetrahydrofuran (17:1:2)
Mobile phase:  Solution A:Buffer (1:3)■Citalopram Oral Solution Diluent:  Acetonitrile and water (1:3)
System suitability solution:  6 µg/mL of USP Citalopram Re-

DEFINITION lated Compound D RS and 1.3 mg/mL of USP Citalopram
Citalopram Oral Solution contains an amount of citalopram Hydrobromide RS in Diluent

hydrobromide equivalent to NLT 90.0% and NMT 105.0% of Standard solution:  6.3 µg/mL of USP Citalopram
the labeled amount of citalopram free base (C20H21FN2O). It Hydrobromide RS in Diluent
may contain a suitable preservative. Sample solution:  Transfer a suitable volume of the Oral So-

lution to a suitable volumetric flask to obtain 1 mg/mL finalIDENTIFICATION concentration of citalopram. Add 60% of the flask volume of• PROCEDURE:  The retention time of the citalopram peak of the Diluent, and sonicate at room temperature for 3 min withSample solution corresponds to that of the Standard solution, as intermittent shaking. Allow the solution to cool, and diluteobtained in the Assay. with Diluent to volume. [NOTE—The Sample solution may be
filtered through either a PVDF or nylon membrane filter hav-ASSAY
ing a suitable pore size.]• PROCEDURE

Chromatographic systemBuffer:  6.1 g/L of monobasic potassium phosphate in water.
(See Chromatography 〈621〉, System Suitability.)Add 1.5 mL of triethylamine per L of the solution. Adjust with
Mode:  LCphosphoric acid to a pH of 2.5.
Detector:  UV 225 nmSolution A:  Methanol and acetonitrile (1:9)
Column:  4.6-mm × 15-cm; 5-µm packing L1Mobile phase:  Solution A:Buffer (7:18)
Flow rate:  1.5 mLDiluent:  Acetonitrile and Buffer (1:3)
Injection size:  20 µLStandard solution:  0.25 mg/mL of USP Citalopram
Run time:  2.6 times the retention time of citalopram forHydrobromide RS
the System suitability solution and Standard solution; 5.7Sample solution:  Transfer a suitable volume of the Oral Solu-
times the retention time of citalopram for the Sampletion to a suitable volumetric flask to obtain 0.2 mg/mL final
solutionconcentration of citalopram free base. Add 50% of the flask

System suitabilityvolume of Diluent, and sonicate at room temperature for 3
Samples:  System suitability solution and Standard solutionmin with intermittent shaking. Allow the solution to cool, and
Suitability requirementsdilute with Diluent to volume. [NOTE—The Sample solution may
Resolution:  NLT 1.8 between citalopram and citaloprambe filtered through either a PVDF or nylon membrane filter
related compound D, System suitability solutionhaving a suitable pore size.]

Tailing factor:  NMT 2.0, Standard solutionChromatographic system
Relative standard deviation:  NMT 5.0%, Standard(See Chromatography 〈621〉, System Suitability.)
solutionMode:  LC

AnalysisDetector:  UV 240 nm
Samples:  Standard solution and Sample solutionColumn:  4.6-mm × 15-cm; 5-µm packing L1
Calculate the percentage of any individual impurity in theColumn temperature:  40°
portion of Oral Solution taken:Flow rate:  1.5 mL/min

Injection size:  10 µL
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100Run time:  2 times the retention time of citalopram

System suitability rU = peak response of each individual impurity fromSample:  Standard solution the Sample solutionSuitability requirements rS = peak response of citalopram from the StandardTailing factor:  NMT 2.5 solutionRelative standard deviation:  NMT 2.0% CS = concentration of USP Citalopram HydrobromideAnalysis RS in the Standard solution (mg/mL)Samples:  Standard solution and Sample solution CU = nominal concentration of citalopram in the Sam-Calculate the percentage of C20H21FN2O in the portion of ple solution (mg/mL)Oral Solution taken: F = relative response factor for each impurity as
listed in Impurity Table 1Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

Mr1 = molecular weight of citalopram free base,
324.39
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Mr2 = molecular weight of citalopram hydrobromide, based on validated method of analysis is proposed. The liquid
405.30 chromatographic procedures in the tests for Assay, Dissolution,

Acceptance criteria and Organic Impurities are based on analyses performed with an
Individual impurities:  See Impurity Table 1. Inertsil ODS-2 brand of L1 column. The typical retention time
Total impurities:  NMT 0.50% for dopenezil is about 12 min in the Assay and in the Organic

Impurities test and about 4 min in the Dissolution test.
Impurity Table 1

Relative Relative Acceptance (MD-PP: C. Anthony, R. Ravichandran, M. Marques.) RTS—
Retention Response Criteria, C77396

Name Time Factor NMT (%)
Citalopram related

0.29 0.86 0.20
compound Aa

Carboxyl
0.47 0.72 0.20

citalopramb

Add the following:
Desfluoro

0.71 — —
citalopramc,h

Citalopram related ■Donepezil Hydrochloride Tablets0.83 1.85 0.20
compound Cd

Citalopram 1.0 — — DEFINITION
Citalopram related  Donepezil Hydrochloride Tablets contain NLT 90.0% and NMT1.11 0.95 0.20
compound De 110.0% of the labeled amount of donepezil hydrochloride

(C24H29NO3 · HCl).Citalopram related
3.13 — —

compound Gf,h

IDENTIFICATION
Citalopram related • A.ULTRAVIOLET ABSORPTION 〈197U〉3.75 — —
compound Hg,h

Wavelength range:  220–360 nm
Any individual un- Sample solution:  Crush a suitable number of Tablets, and
specified degra- — — 0.10 transfer an amount of powder, equivalent to 10 mg of
dation product donepezil hydrochloride, to a 100-mL volumetric flask. Add 80

a 1-(3-Dimethylaminopropyl)-1-(4′-fluorophenyl)-1,3-dihydroisobenzofuran-5- mL of 0.1 N hydrochloric acid, and sonicate for 5 min. Cool
carboxamide. the solution to room temperature, and dilute with 0.1 N hy-

b 1-[3-(Dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5- drochloric acid to volume. Transfer a portion to a centrifuge
carboxylic acid. tube, and centrifuge for 15 min. Transfer 5 mL of the clear

c 1-[3-(Dimethylamino)propyl]-1-phenyl-1,3-dihydroisobenzofuran-5-carboni- supernatant to a 25-mL volumetric flask, and dilute with 0.1 N
trile. hydrochloric acid to volume.

d 3-(3-N,N-Dimethylamino)-1-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofura- Analysis:  Using a 1-cm cell, record the UV spectrum of the
none]. Sample solution.

e 1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5- Acceptance criteria:  The solution exhibits absorption maxima
carbonitrile. at 230, 271, and 315 nm.

f 1-(4-Fluorophenyl)-1-(3-dimethylaminopropyl)-5-chlorophthalane • B.  The retention time of the major peak of the Sample solu-
hydrobromide]. tion corresponds to that of the Standard solution, as obtained

g 1-(4-Fluorophenyl)-1-(3-dimethylaminopropyl)-5-bromophthalane in the Assay.
hydrobromide.

ASSAYh This process impurity is listed for information only.
• PROCEDURE

SPECIFIC TESTS Diluent:  Methanol and 0.1 N hydrochloric acid (3:1)
• DELIVERABLE VOLUME 〈698〉:  Meets the requirements Mobile phase:  Dissolve 2.5 g of sodium decanesulfonate in
• PH 〈791〉:  Between 4.0 and 7.0 650 mL of water, and add 1.0 mL of perchloric acid and 350
• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI- mL of acetonitrile. If necessary, adjust with an additional 0.5

CROORGANISMS 〈62〉:  The total aerobic microbial count does mL of perchloric acid to a pH of about 1.8.
not exceed 100 cfu/mL. The total yeasts and molds count System suitability solution:  0.2 mg/mL of USP Donepezil
does not exceed 10 cfu/mL. It meets the requirements of the Hydrochloride RS and 0.008 mg/mL of USP Donepezil Related
test for absence of Escherichia coli. Compound A RS. [NOTE—Dissolve in 40% of the flask volume

of methanol, swirl, and dilute with water to volume.]ADDITIONAL REQUIREMENTS Standard solution:  0.4 mg/mL of USP Donepezil Hydrochlo-• PACKAGING AND STORAGE:  Preserve in light-resistant containers, ride RS in Diluent. [NOTE—Dissolve in 60% of the flask volumeat controlled room temperature. of Diluent, swirl, and dilute with Diluent to volume.]• USP REFERENCE STANDARDS 〈11〉 Sample solution:  0.4 mg/mL of donepezil hydrochloride inUSP Citalopram Hydrobromide RS Diluent. [NOTE—Dissolve a suitable number of Tablets in 75%USP Citalopram Related Compound D RS of the flask volume of Diluent, and sonicate in an ultrasonic[1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3- bath for 20 min. Swirl the mixture for 30 s, allow to cool todihydroisobenzofuran-5-carbonitrile hydrochloride] room temperature and dilute with Diluent to volume. Add a(C19H19FN2O · HCl 346.83)■1S (USP34) magnetic bar to the flask and mix for 10 min on a magnetic
stirrer. Invert the flask at least 10 times to mix the contents,
and then allow a few min for the solids to settle. Pass through
a suitable filter, discarding the first 2–3 mL of the filtrate.]BRIEFING

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

Donepezil Hydrochloride Tablets.  Because there is no ex-
isting USP monograph for this dosage form, a new monograph
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Mode:  LC V = volume of Medium, 900 mL
Detector:  UV 271 nm Tolerances:  NLT 80% (Q) of the labeled amount of donepezil
Column:  4.6-mm × 15-cm; 5-µm packing L1 hydrochloride is dissolved.
Column temperature:  35° • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
Flow rate:  1.4 mL/min

IMPURITIESInjection size:  20 µL
Organic ImpuritiesSystem suitability
• PROCEDURESamples:  System suitability solution and Standard solution

Mobile phase, System suitability solution, Sample solution,[NOTE—The relative retention times for donepezil related
and Chromatographic system:  Proceed as directed in thecompound A and donepezil are about 0.92 and 1.0,
Assay.respectively.]

Standard solution:  0.8 µg/mL of USP Donepezil Hydrochlo-Suitability requirements
ride RS in DiluentResolution:  NLT 1.5 between donepezil related com-

System suitabilitypound A and donepezil, System suitability solution
Samples:  System suitability solution and Standard solutionTailing factor:  NMT 1.5 for the donepezil peak, System
[NOTE—The relative retention times for donepezil relatedsuitability solution
compound A and donepezil are about 0.92 and 1.0,Relative standard deviation:  NMT 2.0%, Standard
respectively.]solution

Suitability requirementsAnalysis
Resolution:  NLT 1.5 between donepezil related com-Samples:  Standard solution and Sample solution
pound A and donepezil, System suitability solutionCalculate the percentage of C24H29NO3 · HCl in the portion of

Relative standard deviation:  NMT 8.0%, StandardTablets taken:
solution

AnalysisResult = (rU/rS) × (CS/CU) × 100
Samples:  Standard solution and Sample solution

rU = peak response of donepezil hydrochloride from [NOTE—Identify the impurities using the relative retention
the Sample solution times given in Impurity Table 1.]

rS = peak response of donepezil hydrochloride from Calculate the percentage of any individual impurity in the
the Standard solution portion of Tablets taken:

CS = concentration of USP Donepezil Hydrochloride
Result = (rU/rS) × (CS/CU) × (1/F) × 100RS in the Standard solution (mg/mL)

CU = nominal concentration of donepezil hydrochlo-
rU = peak response of each individual impurity fromride in the Sample solution (mg/mL)

the Sample solutionAcceptance criteria:  90.0%–110.0%
rS = peak response of donepezil hydrochloride from

PERFORMANCE TESTS the Standard solution
• DISSOLUTION 〈711〉 CS = concentration of USP Donepezil Hydrochloride

Medium:  0.1 N hydrochloric acid; 900 mL RS in the Standard solution (mg/mL)
Apparatus 2:  50 rpm CU = nominal concentration of donepezil hydrochlo-
Time:  30 min ride in the Sample solution (mg/mL)
Diluent:  Methanol and 0.1 N hydrochloric acid (3:1) F = relative response factor (see Impurity Table 1)
Mobile phase:  Acetonitrile, water, and perchloric acid Acceptance criteria
(350:650:1) Individual impurities:  See Impurity Table 1.

Standard stock solution:  1.1 mg/mL of USP Donepezil Hy-
drochloride RS in Diluent. Dilute this solution with Medium to Impurity Table 1
obtain a final concentration of 0.11 mg/mL.

Standard solution:  Dilute the Standard stock solution with Relative Relative Acceptance
Medium to obtain a final concentration of L/1000 mg/mL,  Retention Response  Criteria,
where L is the Tablet label claim in mg. Name  Time Factor NMT (%)

Sample solution:  Pass a portion of the solution under test Desbenzyl
through a suitable filter of 0.45-µm pore size, discarding the donepezila 0.33 1.0 0.5
first few mL. Donepezil open

Chromatographic system ringb 0.70 0.6 0.5
(See Chromatography 〈621〉, System Suitability.)

Donepezil hydro-Mode:  LC
chloride 1.0 — —Detector:  UV 271 nm

Donepezil N-oxidec 1.2 1.0 0.5Column:  4.6-mm × 15-cm; 5-µm packing L1
Any individual un-Column temperature:  35°
specified degrada-Flow rate:  1.0 mL/min
tion product — — 0.2Injection size:  50 µL

Suitability requirements a 5,6-Dimethoxy-2-(piperidin-4-ylmethyl)indan-1-one.
Tailing factor:  NMT 1.5 b 2-(3-(1-Benzylpiperidin-4-yl)-2-oxopropyl)-4,5-dimethoxybenzoic acid.
Column efficiency:  NLT 5000 theoretical plates c 2-[(1-Benzylpiperidin-4-yl)methyl]-5,6-dimethoxyindan-1-one N-oxide.
Relative standard deviation:  NMT 2.0%

ADDITIONAL REQUIREMENTSAnalysis • PACKAGING AND STORAGE:  Preserve in well closed containers.Samples:  Standard solution and Sample solution
Store at controlled room temperature.Calculate the percentage of donepezil hdyrochloride •  USP REFERENCE STANDARDS 〈11〉dissolved:
USP Donepezil Hydrochloride RS
USP Donepezil Related Compound A RSResult = (rU/rS) × (CS/L) × V × 100
[(E)-2-[(1-benzylpiperidin-4-yl)methylene]-5,6-dimethoxy-
indan-1-one]rU = peak response from the Sample solution
(C24H27NO3 377.48)■1S (USP34)rS = peak response from the Standard solution

CS = concentration of Standard solution (mg/mL)
L = Tablet label claim (mg)
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Mode:  LCBRIEFING
Detector:  UV 271 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Column temperature:  35°Donepezil Hydrochloride Orally Disintegrating Tablets. Flow rate:  1.4 mL/minBecause there is no existing USP monograph for this dosage Injection size:  20 µLform, a new monograph, based on validated methods of analy- System suitabilitysis, is being proposed. The liquid chromatographic procedures in Sample:  System suitability solution and Standard solutionthe Assay and in the tests for Dissolution and Organic Impurities [NOTE—The relative retention times of donepezil related com-are based on analyses performed with an Inertsil ODS-2 brand pound A and donepezil are about 0.92 and 1.0,of L1 column. The typical retention times for donepezil are respectively.]about 12 min for the Assay and the test for Organic Impurities Suitability requirementsand about 4 min for the test for Dissolution. Resolution:  NLT 1.5 between donepezil related com-

pound A and donepezil, System suitability solution
Tailing factor:  NMT 1.5 for donepezil, System suitability

(MD-PP: C. Anthony, R. Ravichandran. BPC:  M. Marques.) solution
RTS—C77396 Relative standard deviation:  NMT 2.0%, Standard

solution
Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C24H29NO3 · HCl in the portion of
Tablets taken:Add the following:

Result = (rU/rS) × (CS/CU) × 100
■Donepezil Hydrochloride Orally rU = peak response of donepezil hydrochloride fromDisintegrating Tablets the Sample solution

rS = peak response of donepezil hydrochloride from
DEFINITION the Standard solution
Donepezil Hydrochloride Orally Disintegrating Tablets contains CS = concentration of USP Donepezil Hydrochloride

NLT 90.0% and NMT 110.0% of the labeled amount of RS in the Standard solution (mg/mL)
donepezil hydrochloride (C24H29NO3 · HCl). CU = nominal concentration of donepezil hydrochlo-

ride in the Sample solution (mg/mL)
IDENTIFICATION Acceptance criteria:  90.0%–110.0%
• A. ULTRAVIOLET ABSORPTION 〈197U〉

Sample solution:  Crush a suitable number of Tablets, and PERFORMANCE TESTS
transfer an amount of powder equivalent to 10 mg of • DISINTEGRATION 〈701〉
donepezil hydrochloride to a 100-mL volumetric flask. Add 80 Time:  NMT 60 s
mL of 0.1 N hydrochloric acid, and sonicate for 5 min. Cool • DISSOLUTION 〈711〉
to room temperature, and dilute with 0.1 N hydrochloric acid Medium:  0.1 N hydrochloric acid; 900 mL
to volume. Transfer a portion to a centrifuge tube, and centri- Apparatus 2:  50 rpm
fuge for 15 min. Transfer 5 mL of the clear supernatant to a Time:  30 min
25-mL volumetric flask, and dilute with 0.1 N hydrochloric Diluent:  Methanol and 0.1 N hydrochloric acid (3:1)
acid to volume. Mobile phase:  Acetonitrile, perchloric acid, and water

Analysis (350:1:650)
Wavelength range:  220–360 nm Standard stock solution:  1.1 mg/mL of USP Donepezil Hy-

Acceptance criteria:  230, 271, and 315 nm drochloride RS in Diluent. Dilute with Medium to obtain a con-
• B.  The retention time of the major peak of the Sample solu- centration of 0.11 mg/mL.

tion corresponds to that of the Standard solution, as obtained Standard solution:  Dilute the Standard stock solution with
in the Assay. Medium to obtain a concentration of L/1000 mg/mL, where L

is the Tablet label claim in mg.
ASSAY Sample solution:  Pass a portion of the solution under test
• PROCEDURE through a suitable filter of 0.45-µm pore size.

Diluent:  Methanol and 0.1 N hydrochloric acid (3:1) Chromatographic system
Mobile phase:  Dissolve 2.5 g of sodium decanesulfonate in (See Chromatography 〈621〉, System Suitability.)
650 mL of water, and add 1.0 mL of perchloric acid and 350 Mode:  LC
mL of acetonitrile. If necessary, adjust the apparent pH with Detector:  UV 271 nm
an additional 0.5 mL of perchloric acid to about 1.8. Column:  4.6-mm × 15-cm; 5-µm packing L1

System suitability solution:  0.4 mg/mL of USP Donepezil Column temperature:  35°
Hydrochloride RS and 0.016 mg/mL of USP Donepezil Related Flow rate:  1 mL/min
Compound A RS, prepared by dissolving in 40% of the flask Injection size:  50 µL
volume of methanol and diluting with water to volume. System suitability

Standard solution:  0.4 mg/mL of USP Donepezil Hydrochlo- Sample:   Standard solution
ride RS in Diluent Suitability requirements

Sample solution:  0.4 mg/mL of donepezil hydrochloride in Column efficiency:  NLT 5000 theoretical plates
Diluent, prepared by transferring a suitable number of Tablets Tailing factor:  NMT 1.5
to an appropriate volumetric flask containing 10 mL of 0.1 N Relative standard deviation:  NMT 2.0%
hydrochloric acid. Shake to disintegrate the Tablets. Add 60% Analysis
of the flask volume of Diluent, sonicate for 10 min, allow to Samples:  Standard solution and Sample solution
cool to room temperature, and dilute with Diluent to volume. Calculate the percentage of C24H29NO3 · HCl dissolved.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.) Result = (rU/rS) × (CS/L) × V × 100

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)
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L = Tablet label claim (mg) BRIEFING
V = volume of Medium (mL), 900

Tolerances:  NLT 80% (Q) of the labeled amount of
C24H29NO3 · HCl is dissolved. Efavirenz.  Because there is no existing USP monograph for this• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements drug substance, a new monograph based on submitted data is

being proposed. The liquid chromatographic procedure in theIMPURITIES
tests for Organic Impurites, Procedure 1 and in the Assay areOrganic Impurities
based on analyses performed with a Zorbax SB-CN brand of L10• PROCEDURE
column. The typical retention time for efavirenz is between 13Mobile phase, System suitability solution, Sample solution,
and 18 min. The liquid chromatographic procedure in the testand System suitability:  Proceed as directed in the Assay.
for Organic Impurites, Procedure 2 is based on analyses per-Standard solution:  0.8 µg/mL of USP Donepezil Hydrochlo-
formed with a Waters Symmetry C18 brand of L1 column. Theride RS in Diluent
typical retention time for efavirenz is about 17.4 min. The liquidChromatographic system
chromatographic procedure in the test for Enantiomeric Purity is (See Chromatography 〈621〉, System Suitability.)
based on analyses performed by pairing a Zorbax CN brand ofProceed as directed in the Assay.
L10 column with a Chiralcel OD brand of L40 column. The typi-System suitability
cal retention time for efavirenz is 28 min.Sample:  System suitability solution and Standard solution

[NOTE—The relative retention times of donepezil related
compound A and donepezil are about 0.92 and 1.0,
respectively.] (MD-AA: B. Davani.) RTS—C74954

Suitability requirements
Resolution:  NLT 1.5 between donepezil related com-
pound A and donepezil, System suitability solution

Relative standard deviation:  NMT 8.0%, Standard
solution Add the following:Analysis

Samples:  Sample solution and Standard solution. Identify
the impurities, using the relative retention times given in ■EfavirenzImpurity Table 1.

Calculate the percentage of any individual impurity in the
portion of Tablets taken:

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

rU = peak response of any individual impurity from
the Sample solution

rS = peak response of donepezil hydrochloride from
the Standard solution

CS = concentration of USP Donepezil Hydrochloride C14H9ClF3NO2 315.67RS in the Standard solution (mg/mL) 1H-Benzo[d][1,3]oxazin-2(4H)-one, 6-chloro-4-CU = nominal concentration of donepezil hydrochlo- cyclopropylethynyl-4-trifluoromethyl, (S)-;ride in the Sample solution (mg/mL) (S)-6-Chloro-4-(cyclopropylethynyl)-1,4-dihydro-4-F = relative response factor of each related com- (trifluoromethyl)-2H-3,1-benzoxazin-2-one [154598-52-4].pound, as listed in Impurity Table 1
Acceptance criteria DEFINITION

Individual impurities:  See Impurity Table 1. Efavirenz contains NLT 98.0% and NMT 102.0% of
Total impurities:  NMT 1.0% C14H9ClF3NO2, calculated on the anhydrous, solvent-free basis.

IDENTIFICATIONImpurity Table 1
• A. INFRARED ABSORPTION 〈197K〉

Relative Relative Acceptance Sample:  Dry at 105° for 30 min, and cool in a dessicator.
 Retention Response  Criteria, • B. ULTRAVIOLET ABSORPTION 〈197U〉

Name Time Factor NMT (%) Solvent:  Methanol
Standard solution:  10 µg/mL of USP Efavirenz RS in SolventDesbenzyl donepezila 0.35 1.0 0.5
Sample solution:  10 µg/mL of Efavirenz in SolventDonepezil open ringb 0.70 0.6 0.5
Acceptance criteria:  Meets the requirementsDonepezil hydrochlo-

1.0 — —
ride ASSAY

Donepezil N-oxidec 1.2 1.0 0.5 • PROCEDURE
[NOTE—Protect solutions of Efavirenz from light. Use of poly-Individual unspecified

— — 0.2 propylene HPLC vials is recomended to avoid possible degra-degradation impurity
dation from certain types of glass vials.]a 5,6-Dimethoxy-2-(piperidin-4-ylmethyl)indan-1-one.

Diluent:  Acetonitrile and water (1:1)b 2-(3-(1-Benzylpiperidin-4-yl)-2-oxopropyl)-4,5-dimethoxybenzoic acid.
Solution A:  Methanol, trifluoroacetic acid, and waterc 2-[(1-Benzylpiperidin-4-yl)methyl]-5,6-dimethoxyindan-1-one N-oxide.
(1:0.005:9). [NOTE—Use only freshly-opened trifluoroacetic

ADDITIONAL REQUIREMENTS acid, ≤6 months.]
• PACKAGING AND STORAGE:  Preserve in well-closed containers, Solution B:  Methanol, trifluoroacetic acid, and water

and store at controlled room temperature. (9:0.005:1). [NOTE—Use only freshly-opened trifluoroacetic
• USP REFERENCE STANDARDS 〈11〉 acid, ≤6 months.]

USP Donepezil Hydrochloride RS
USP Donepezil Related Compound A RS
[(E)-2-[(1-Benzylpiperidin-4-yl)methylene]-5,6-dimethoxy-
indan-1-one]

(C24H27NO3 377.48)■1S (USP34)
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Mobile phase:  See the gradient table below. CS = concentration of USP Efavirenz RS in the Stan-
dard solution (mg/mL)

CU = nominal concentration of efavirenz in the Sample
Time Solution A Solution B solution (mg/mL)
(min)  (%)  (%) Acceptance criteria:  98.0%–102.0% on the anhydrous, sol-

0 60 40 vent-free basis
16 50 50

IMPURITIES23 35 65
Inorganic Impurities28 30 70 • RESIDUE ON IGNITION 〈281〉:  NMT 0.2%, using a platinum

29 20 80 crucible
31 20 80 • HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
32 60 40 Organic Impurities

• PROCEDURE 140 60 40
Diluent, Solution A, Solution B, Sample solution, and Chro-

Standard solution:  250 µg/mL of USP Efavirenz RS and 1.0 matographic system:  Prepare as directed in the Assay.
µg/mL of USP Efavirenz Related Compound B RS in Diluent. System suitability solution:  Use the Standard solution pre-
[NOTE—Dissolve in about 65% of the flask volume of Diluent, pared as directed in the Assay.
and shake for 30 min or until dissolved before diluting with Standard solution:  1.25 µg/mL of USP Efavirenz RS in Dilu-
Diluent to volume.] ent, prepared from the System suitability solution

Sample solution:  250 µg/mL of USP Efavirenz RS in Diluent. System suitability
[NOTE—Dissolve in about 65% of the flask volume of Diluent, Samples:  System suitability solution and Standard solution
and shake for 30 min or until dissolved before diluting with Suitability requirements
Diluent to volume.] Resolution:  NLT 1.2 between efavirenz related com-

Chromatographic system pound B and efavirenz, System suitability solution
(See Chromatography 〈621〉, System Suitability.) Relative standard deviation:  NMT 5.0% for efavirenz,
Mode:  LC Standard solution
Detector:  UV 250 nm Analysis
Column:  4.6-mm × 15-cm; 5–µm packing L10 Samples:  Standard solution and Sample solution
Column temperature:  40° Calculate the percentage of any individual impurity in the
Flow rate:  1.5 mL/min portion of Efavirenz taken:
Injection size:  35 µL

Result = (rU/rS) × (CS/CU) × (1/F) × 100System suitability
Sample:  Standard solution

rU = peak response for any individual impurity fromSuitability requirements
the Sample solutionResolution:  NLT 1.2 between efavirenz related compound

rS = peak response for efavirenz from the StandardB and efavirenz
solutionRelative standard deviation:  NMT 1.0% for efavirenz

CS = concentration of USP Efavirenz RS in the Stan-Analysis
dard solution (mg/mL)Samples:  Standard solution and Sample solution

CU = concentration of Efavirenz in the Sample solutionCalculate the percentage of C14H9ClF3NO2 in the portion of
(mg/mL)Efavirenz taken:

F = relative response factor (see Impurity Table 1)
Acceptance criteriaResult = (rU/rS) × (CS/CU) × 100

Individual impurities:  See Impurity Table 1. [NOTE—Disre-
rU = peak response for efavirenz from the Sample so- gard any peak less than 0.05%.]

lution Total impurities:  NMT 1.0%
rS = peak response for efavirenz from the Standard

solution
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Impurity Table 1

Relative Relative Acceptance
 Retention  Response  Criteria,

 Time  FactorName  NMT (%)
Efavirenz aminoalcohola 0.48 0.26 0.15
Efavirenz ethene analogb 0.93 0.91 0.40
Efavirenz pent-3-ene-1-yne (cis)c 1.16 1.0 0.10q

Efavirenz pent-3-ene-1-yne (trans)d 1.16 1.0 0.10q

Efavirenz penteneynee 1.16 1.0 0.10q

Efavirenz pentyne analogf 1.2 1.0 0.15
Methyl efavirenzg 1.28 1.0 0.10
Efavirenz amino alcohol methyl carbamateh 1.33 0.83 0.10
N-Benzylefavirenzi 1.8 0.71 0.25
Efavirenz benzoylaminoalcoholj 1.9 0.56 0.15
Quinoline analogk 1.45 2.0 0.10
Efavirenz amino alcohol ethyl carbamatel 1.53 0.83 0.10
Unidentified impuritym 1.60 1.0 0.10
Efavirenz amino alcohol bis(ethoxycarbonyl)n 1.63 0.34 0.10
Unidentified impurityo 2.1 1.0 0.10
Cyclobutenyl indole analogp 2.18 0.48 0.10
Any other unknown
individual impurity — 1.0 0.10

a (S)-2-(2-Amino-5-chlorophenyl)-4-cyclopropyl-1,1,1-trifluorobut-3-yn-2-ol.
b (S,E)-6-Chloro-4-(2-cyclopropylvinyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
c (S,E)-6-Chloro-4-(pent-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
d (S,Z)-6-Chloro-4-(pent-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
e (S)-6-Chloro-4-(3-methylbut-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
f (S)-6-Chloro-4-(pent-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
g (S)-6-Chloro-4-{[(2RS,2RS)- 2-methylcyclopropyl]ethynyl}-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
h (S)-Methyl 4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-yl)phenylcarbamate.
i (S)-6-Chloro-4-(cyclopropylethynyl)-1-(4-methoxybenzyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
j (S)-N-(4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-yl)phenyl)-4-methoxybenzamide.
k 6-Chloro-2-cyclopropyl-4-(trifluoromethyl)quinoline.
l (S)-Ethyl 4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-yl)phenylcarbamate.
m Relative retention time of 1.60.
n (S)-ethyl 4-chloro-2-[4-cyclopropyl-2-(ethoxycarbonyloxy)-1,1,1-trifluorobut-3-yn-2-yl]phenylcarbamate.
o Relative retention time of 2.1.
p Ethyl 5-chloro-2-cyclobutenyl-3-(trifluoromethyl)-1H-indole-1-carboxylate.
q [NOTE—If the result for the total of the three impurities at relative retention time 1.16 exceeds 0.10%, then perform Procedure 2 below to separate the three

coeluting impurities and to ensure that each impurity meets the limit.]

Mode:  LC• PROCEDURE 2
Detector:  UV 250 nm[NOTE—Perform Procedure 2 in addition to Procedure 1 if the
Column:  4.6-mm × 25-cm; 5–µm packing L1result for the total of the three impurities at a relative reten-
Column temperature:  35°tion time of 1.16 in Procedure 1 exceeds 0.10%.]
Flow rate:  1.5 mL/minDiluent:  Acetonitrile, trifluoroacetic acid, and water
Injection size:  20 µL(55:0.05:45)

System suitabilitySolution A:  Acetonitrile, trifluoroacetic acid, and water
Sample:  Standard solution(4:0.005:6). [NOTE—Use only freshly-opened trifluoroacetic
Suitability requirementsacid, ≤6 months.]
Tailing factor:  NMT 1.5 for efavirenzSolution B:  Acetonitrile, trifluoroacetic acid, and water
Relative standard deviation:  NMT 5.0% for efavirenz(8:0.005:2). [NOTE—Use only freshly-opened trifluoroacetic

Analysisacid, ≤6 months.]
Samples:  Standard solution and Sample solutionMobile phase:  See the gradient table below. Calculate the percentage of each of the three specified im-
purities in the portion of Efavirenz taken:

Time Solution A Solution B
Result = (rU/rS) × (CS/CU) × (1/F) × 100(min)  (%)  (%)

0 100 0
rU = peak response for each of the three specified

40 0 100 impurities from the Sample solution
45 0 100 rS = peak response for efavirenz from the Standard

45.1 100 0 solution
CS = concentration of USP Efavirenz RS in the Stan-

Standard solution:  1.25 µg/mL of USP Efavirenz RS in dard solution (µg/mL)
Diluent CU = concentration of Efavirenz in the Sample solution

Sample solution:  250 µg/mL of Efavirenz in Diluent (µg/mL)
Chromatographic system F = relative response factor (see Impurity Table 2)
(See Chromatography 〈621〉, System Suitability.) Acceptance criteria

Individual impurities:  See Impurity Table 2. [NOTE—Disre-
gard any peak less than 0.05%.]
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Impurity Table 2

Acceptance Relative Relative
 Criteria,Name  Retention  Response

 Time  Factor  NMT (%) 
Efavirenz 1.0 1.0 —
Efavirenz pent-3-ene-1-yne (cis)a 1.10 1.1 0.10
Efavirenz pent-3-ene-1-yne (trans)b 1.13 1.1 0.10
Efavirenz penteneynec 1.14 1.0 0.10
a (S,E)-6-Chloro-4-(pent-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
b (S,Z)-6-Chloro-4-(pent-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
c (S)-6-Chloro-4-(3-methylbut-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.

[(S,E)-6-Chloro-4-(2-Cyclopropylvinyl)-4-
SPECIFIC TESTS (trifluoromethyl)-2H-3,1-benzoxazin-2-one]
• COMPLETENESS OF SOLUTION 〈641〉:  Meets the requirements (C14H11ClF3NO2 317.69)■1S (USP34)

Solvent:  Methanol
Sample solution:  50 mg/mL of Efavirenz in Solvent

• WATER DETERMINATION, Method Ic 〈921〉
BRIEFINGSample:  100 mg/mL of Efavirenz in methanol

Acceptance criteria:  NMT 0.5%
• ENANTIOMERIC PURITY

Mobile phase:  Hexane and ethanol (97:3) Efavirenz Capsules.  Because there is no existing USP mono-
Retention time solution:  1 g/mL of USP Efavirenz RS in Mo- graph for this drug product, a new monograph is proposed
bile phase based on submitted data. The liquid chromatographic procedure

Standard solution:  10 µg/mL of USP Efavirenz Racemic RS in in the test for Organic Impurities and the Assay is based on analy-
Mobile phase ses performed with a Rockland Technologies, Zorbax, SB-CN

Sample solution:  1 mg/mL of Efavirenz in Mobile phase brand of L10 column. The typical retention time for efavirenz is
Chromatographic system between 13 and 18 min.
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 250 nm (MD-AA: B. Davani. BPC: M. Marques.) RTS—C74955Column:  4.6-mm × 25-cm, 5-µm packing L10 connected in-
line and before a 4.6-mm × 25-cm, 10-µm packing L40
column

Column temperature:  35°
Flow rate:  1.0 mL/min
Injection size:  20 µL Add the following:

System suitability
Samples:  Standard solution and Retention time solution

■Efavirenz CapsulesSuitability requirements
Efavirenz identification:  Identify the S-efavirenz enanti-
omer peak, Retention time solution DEFINITION

Resolution:  NLT 3.0 between the R-efavirenz enantiomer Efavirenz Capsules contain NLT 92.0% and NMT 108.0% of the
and the S-efavirenz enantiomer, Standard solution labeled amount of efavirenz (C14H9ClF3NO2).

Relative standard deviation:  NMT 5.0% for the R)-
IDENTIFICATIONefavirenz enantiomer
• A. INFRARED ABSORPTION 〈197K〉Analysis

Sample solution:  Dissolve the contents of 1 Capsule in aboutSamples:  Retention time solution, Standard solution, and Sam-
5 mL of acetonitrile by vortexing. Allow to settle, removeple solution
about 3 mL of the solution, and centrifuge for about 5 min.[NOTE—Verify the identification of the efavirenz enantiomer
Transfer 1–2 mL of supernatant to a clean suitable container,peaks based on the chromatogram of the Retention time so-
and evaporate to dryness under nitrogen. Mix 0.5–1 mg oflution. The relative retention times for the R-efavirenz enanti-
the powder with 200 mg of potassium bromide.omer and the S-efavirenz enantiomer are 0.88 and 1.00,

• B. ULTRAVIOLET ABSORPTION 〈197U〉respectively.]
Solvent:  AcetonitrileCalculate the percentage of the R-efavirenz enantiomer in the
Standard solution:  10 µg/mL in solventportion of Efavirenz taken:
Sample solution:  Dissolve the contents of 1 Capsule in about

Result = 100 × (rR/(rR + rS)) 40 mL of solvent by shaking for about 30 min. Filter, discard-
ing the first 2 mL of filtrate, and dilute a portion with acetoni-

rR = peak response of the R-efavirenz enantiomer trile to a concentration of 10 µg/mL of efavirenz. [NOTE—Use
from the Sample solution a suitable nylon or PVDF membrane filter.]

rS = peak response of the S-efavirenz enantiomer Acceptance criteria:  The UV absorption spectrum of the
from the Sample solution Sample solution exhibits maxima and minima at the same

Acceptance criteria:  NMT 0.5% of the R-efavirenz wavelengths as that of the Standard solution.
enantiomer

ASSAY
ADDITIONAL REQUIREMENTS • PROCEDURE
• PACKAGING AND STORAGE:  Preserve in well-closed containers at Diluent:  Acetonitrile and water (1:1)

controlled room temperature, and protect from light. Solution A:  Methanol, trifluoroacetic acid, and water
• USP REFERENCE STANDARDS 〈11〉 (1:0.005:9). [NOTE—Use only freshly-opened trifluoroacetic

USP Efavirenz RS acid, ≤ 6 months.]
USP Efavirenz Racemic RS
USP Efavirenz Related Compound B RS
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Solution B:  Methanol, trifluoroacetic acid, and water Acceptance criteria:  92.0%–108.0%
(9:0.005:1). [NOTE—Use only freshly-opened trifluoroacetic

PERFORMANCE TESTSacid, ≤ 6 months.]
• DISSOLUTION 〈711〉Mobile phase:  See the gradient table below.

Medium:  1.0% (w/v) sodium lauryl sulfate in water; 900 mL.
[NOTE—Do not deaerate.]

Time Solution A Solution B Apparatus 2:  50 rpm, with helix sinker
(min)  (%)  (%) Time:  45 min

0 60 40 Standard solution:  (L/900) mg/mL of USP Efavirenz RS in
Medium, where L is the Capsule label claim in mg. A small16 50 50
volume of methanol, NMT 10% of the final volume, could be23 35 65
used to solubilize efavirenz. Dilute this solution with Medium28 30 70 to obtain a final concentration of about 0.01 mg/mL for Cap-

29 20 80 sules labeled to contain 50 mg, or about 0.02 mg/mL for
31 20 80 Capsules labeled to contain 100 mg or 200 mg.
32 60 40 Sample solution:  Pass a portion of the solution under test

through a suitable filter of 0.45-µm pore size, and dilute with40 60 40
Medium to obtain a theoretical concentration similar to the

Standard solution 1:  0.2 mg/mL of USP Efavirenz Related Standard solution, assuming complete dissolution of the Cap-
Compound B RS in Diluent sule label claim.

Standard solution 2:  5 mg/mL of USP Efavirenz RS in Analytical wavelength:  UV 247 nm
acetonitrile. [NOTE—Sonicate to dissolve before diluting to final Cell:  1 cm
volume.] Blank:  Medium

Standard solution:  250 µg/mL of USP Efavirenz RS and 1 Analysis:  Standard solution and Sample solution
µg/mL of USP Efavirenz Related Compound B RS in Diluent Calculate the percentage of efavirenz dissolved:
prepared from Standard solution 2 and Standard solution 1,

Result = (AU/AS) × (CS/L) × D × V × 100respectively. [NOTE—Store protected from light. For the HPLC
analysis, it is recommended to use polypropylene vials, be-

AU = absorbance from the Sample solutioncause degradation has been noted with certain brands made
AS = absorbance from the Standard solutionof glass.]
CS = concentration of the Standard solution (mg/mL) Sample stock solution:  Transfer the contents of NLT 10
L = Capsule label claim (mg)Capsules to a suitable container, and extract the contents in
D = dilution factor of the Sample solutionacetonitrile by mixing for about 30 min to obtain a quantita-
V = volume of Medium, 900 mLtive solution equivalent to about 5 mg/mL of efavirenz.

Tolerances:  NLT 80% (Q) of the labeled amount of efavirenz[NOTE—Store protected from light.]
is dissolved.Sample solution:  Filter a portion of the Sample stock solution,

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirementsand dilute the filtrate with Diluent to obtain a solution of
Procedure for content uniformityabout 250 µg/mL of efavirenz. [NOTE—Store protected from
Standard solution:  10 µg/mL of USP Efavirenz RS inlight. For the HPLC analysis, it is recommended to use poly-
acetonitrilepropylene vials, because degradation has been noted with cer-

Sample solution:  Transfer the contents of 1 Capsule into atain brands made of glass.]
suitable container and dissolve in 40.0 mL of acetonitrile.Chromatographic system
Shake for about 30 min and filter. [NOTE—Use a suitable ny-(See Chromatography 〈621〉, System Suitability.)
lon or PVDF membrane filter.] Dilute a portion of the filtrateMode:  LC
to an efavirenz concentration of about 10 µg/mL.Detector:  UV 250 nm

Spectrometric conditionsColumn:  4.6-mm × 15-cm; packing L10
Mode:  UV absorption spectroscopyColumn temperature:  40°
Analytical wavelength:  UV 246 nmFlow rate:  1.5 mL/min
Cell length:  1 cmInjection size:  35 µL
Blank:  AcetonitrileSystem suitability
Calculate the percentage of C14H9ClF3NO2 in the portion ofSample:  Standard solution
Capsules taken:Suitability requirements

Resolution:  NLT 1.2 between efavirenz related compound
Result = (AU/AS) × (CS/L) × V × D × 100B and efavirenz

Relative standard deviation:  NMT 2.0% for efavirenz
AU = absorbance of efavirenz from the Sample solutionAnalysis
AS = absorbance of efavirenz from the Standard solu-Samples:  Standard solution and Sample solution

tionCalculate the percentage of C14H9ClF3NO2 in the portion of
CS = concentration of USP Efavirenz RS in the Stan-Capsules taken:

dard solution (mg/mL)
L = label claim (mg/Capsule)Result = (rU/rS) × (CS/CU) × 100
V = volume of the Sample solution
D = dilution factor of the Sample solutionrU = peak response for efavirenz in the Sample solu-

tion
IMPURITIESrS = peak response for efavirenz in the Standard solu-
Organic Impuritiestion • PROCEDURECS = concentration of USP Efavirenz RS in the Stan-

Diluent, Solution A, Solution B, Sample solution, and Chro-dard solution (mg/mL)
matographic system:  Prepare as directed in the Assay.CU = concentration of efavirenz in the Sample solution

System suitability solution:  Use the Standard solution pre-(mg/mL)
pared as directed in the Assay.

Standard solution:  1.25 µg/mL of USP Efavirenz RS and
0.005 µg/mL of USP Efavirenz Related Compound B RS in
Diluent from the System suitability solution
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System suitability Impurity Table 1 (continued)
Samples:  System suitability solution and Standard solution

Relative Relative AcceptanceSuitability requirements
 Retention  Response  Criteria,Resolution:  NLT 1.2 between efavirenz related com-

Name  Time  Factor  NMT (%)pound B and efavirenz, System suitability solution
Efavirenz penteneynee 1.16 — *Relative standard deviation:  NMT 5.0% for efavirenz,

Standard solution Efavirenz pentyne ana-
1.2 — *Analysis logf

Samples:  Standard solution and Sample solution Methylefavirenzg 1.28 — *
Calculate the percentage of any individual impurity in the Efavirenz aminoalcohol

1.33 — *portion of Capsules taken: methyl carbamateh

N-Benzylefavirenzi 1.8 — *Result = (rU/rS) × (CS/CU) × (1/F) × 100
Efavirenz benzoylami-

1.9 — *
noalcoholjrU = peak response for any individual impurity (deg-

radation product) from the Sample solution Quinoline analog (deg-
1.45 2.0 0.20rS = peak response for efavirenz from the Standard radation product)k

solution Efavirenz aminoalcohol
1.53 — *CS = concentration of USP Efavirenz RS in the Stan- ethyl carbamatel

dard solution (mg/mL) Unidentified impurity 1.60 — *
CU = concentration of efavirenz in the Sample solution

Efavirenz aminoalcohol(mg/mL) 1.63 — *
bis(ethoxycarbonyl)m

F = relative response factor (see Impurity Table 1)
Unidentified impurity 2.1 — *Acceptance criteria
CyclobutenylindoleIndividual impurities:  See Impurity Table 1. [NOTE—Disre- 2.18 — *
analogngard any peak less than 0.05%.]

Total impurities:  NMT 0.50%. [NOTE—Include only the Any other individual
— 1.0 0.20degradation products in the calculation of the total degradation product

impurities.] a (S)-2-(2-amino-5-chlorophenyl)-4-cyclopropyl-1,1,1-trifluorobut-3-yn-2-ol.
b (S,E)-6-Chloro-4-(2-cyclopropylvinyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-
one.Impurity Table 1

c (S,E)-6-Chloro-4-(pent-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-
Relative Relative Acceptance one.

 Retention  Response  Criteria, d (S,Z)-6-Chloro-4-(pent-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-
Name  Time  Factor  NMT (%) one.

Efavirenz aminoalcohol e (S)-6-Chloro-4-(3-methylbut-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzox-
(degradation prod- 0.48 0.26 0.15 azin-2-one.
uct)a f (S)-6-Chloro-4-(pent-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.

g (S)-6-Chloro-4-{[(2RS,2RS)- 2-methylcyclopropyl]ethynyl}-4-Efavirenz ethene ana-
0.93 — * (trifluoromethyl)-2H-3,1-benzoxazin-2-one.logb

h (S)-Methyl 4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-Efavirenz pent-3-ene-1-
1.16 — * yl)phenylcarbamate.yne (cis)c

i (S)-6-Chloro-4-(cyclopropylethynyl)-1-(4-methoxybenzyl)-4-Efavirenz pent-3-ene-1-
1.16 — * (trifluoromethyl)-2H-3,1-benzoxazin-2-one.yne (trans)d

j (S)-N-[4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-
a (S)-2-(2-amino-5-chlorophenyl)-4-cyclopropyl-1,1,1-trifluorobut-3-yn-2-ol. yl)phenyl]-4-methoxybenzamide.
b (S,E)-6-Chloro-4-(2-cyclopropylvinyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2- k 6-Chloro-2-cyclopropyl-4-(trifluoromethyl)quinoline.
one. l (S)-Ethyl 4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-

c (S,E)-6-Chloro-4-(pent-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2- yl)phenylcarbamate.
one. m (S)-ethyl 4-chloro-2-[4-cyclopropyl-2-(ethoxycarbonyloxy)-1,1,1-trifluorobut-3-

d (S,Z)-6-Chloro-4-(pent-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2- yn-2-yl]phenylcarbamate.
one. n Ethyl 5-chloro-2-cyclobutenyl-3-(trifluoromethyl)-1H-indole-1-carboxylate.

e (S)-6-Chloro-4-(3-methylbut-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzox- * For information purposes only. These are process impurities monitored in the
azin-2-one. drug substance and are not included in the total impurities.

f (S)-6-Chloro-4-(pent-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
ADDITIONAL REQUIREMENTSg (S)-6-Chloro-4-{[(2RS,2RS)- 2-methylcyclopropyl]ethynyl}-4-
• PACKAGING AND STORAGE:  Store in well-closed containers at(trifluoromethyl)-2H-3,1-benzoxazin-2-one.

controlled room temperature.h (S)-Methyl 4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-
• USP REFERENCE STANDARDS 〈11〉yl)phenylcarbamate.

USP Efavirenz RSi (S)-6-Chloro-4-(cyclopropylethynyl)-1-(4-methoxybenzyl)-4-
USP Efavirenz Related Compound B RS(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
[(S,E)-6-Chloro-4-(2-cyclopropylvinyl)-4-j (S)-N-[4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-
(trifluoromethyl)-2H-3,1-benzoxazin-2-one]yl)phenyl]-4-methoxybenzamide.

(C14H11ClF3NO2 317.69)■1S (USP34)k 6-Chloro-2-cyclopropyl-4-(trifluoromethyl)quinoline.
l (S)-Ethyl 4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-
yl)phenylcarbamate.

m (S)-ethyl 4-chloro-2-[4-cyclopropyl-2-(ethoxycarbonyloxy)-1,1,1-trifluorobut-3-
yn-2-yl]phenylcarbamate.

n Ethyl 5-chloro-2-cyclobutenyl-3-(trifluoromethyl)-1H-indole-1-carboxylate.
* For information purposes only. These are process impurities monitored in the

drug substance and are not included in the total impurities.
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BRIEFING CS = concentration of USP Entacapone RS in the Stan-
dard solution (mg/mL)

CU = concentration of entacapone in the Sample solu-
tion (mg/mL)Entacapone Tablets.  Because there is no existing USP mono-

Acceptance criteria:  90.0%–110.0%graph for this drug product, a new monograph, based on vali-
dated methods of analysis, is being proposed. The proposed liq- PERFORMANCE TESTSuid chromatographic procedures in the test for Organic • DISSOLUTION 〈711〉Impurities and in the Assay are based on analysis performed with Medium:  pH 5.5 Phosphate buffer (6.8 g/L of monobasic po-the Xterra Phenyl brand of L11 column. The typical retention tassium phosphate in water. Adjust with 1 M sodium hydrox-time for the entacapone peak is about 17 min. ide to a pH of 5.5); 900 mL.

Apparatus 2:  50 rpm
Time:  30 min

(MD-PP: M. Puderbaugh, R. Ravichandran. BPC: M. Marques.) Standard stock solution:  0.22 mg/mL of USP Entacapone RS,
RTS—C66969 prepared by dissolving in 2% of the flask volume in tetrahy-

drofuran and diluting with Medium to volume. Protect this
solution from the light.

Standard solution:  22 µg/mL of USP Entacapone RS in Me-
dium from the Standard stock solution. Protect this solution
from the light.Add the following:

Sample solution:  Pass a portion of the solution through a
suitable filter of 20-µm pore size. Dilute with Medium, if neces-
sary. Protect this solution from the light.■Entacapone Tablets

Spectrometric conditions
(See Spectrophotometry and Light-Scattering 〈851〉.)DEFINITION Mode:  UVEntacapone Tablets contain an amount of entacapone equivalent Analytical wavelength:  313 nmto NLT 90.0% and NMT 110.0% of the labeled amount of Path length:  1 cmentacapone (C14H15N3O5). Blank:  Tetrahydrofuran and Medium (0.2:99.8)

AnalysisIDENTIFICATION
Samples:  Standard solution and Sample solution• A. INFRARED ABSORPTION 〈197K〉:  The sample shows a medium
Calculate the percentage of C14H15N3O5 dissolved:band at about 2216 cm-1 and strong bands at about 2216,

1628, 1604, 1544, 1512, 1440, 1376, 1348, 1296, 1280, and
Result = AU/AS × CS/L × V × 1001208 cm-1 similar to the reference preparation.

• B.  The retention time of the major peak from the Sample AU = absorbance from the Sample solutionsolution corresponds to that from the Standard solution, as ob- AS = absorbance from the Standard solutiontained in the Assay. CS = concentration of the Standard solution (mg/mL)
L = Tablet label claim (mg)ASSAY
V = volume of Medium, 900 mL• PROCEDURE

Tolerances:  NLT 80% (Q) of the labeled amount of[NOTE—Protect solutions from light.]
C14H15N3O5 is dissolved.Buffer:  2.1 g/L of monobasic sodium phosphate. Adjust with

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirementsphosphoric acid to a pH of 2.1.
Diluent:  Methanol and tetrahydrofuran (7:3) IMPURITIESMobile phase:  Methanol, tetrahydrofuran, and Buffer Organic Impurities(22:1:27) • PROCEDUREStandard solution:  0.5 mg/mL of USP Entacapone RS in [NOTE—Protect solutions from light.]Diluent Buffer, Diluent, Mobile phase, and  Chromatographic sys-Sample solution:  0.5 mg/mL of entacapone from finely pow- tem:  Proceed as directed in the Assay.dered (NLT 20) Tablets. Add tetrahydrofuran up to 30% of the System suitability solution:  0.03 mg/mL each of USP Enta-final volume and sonicate for 3 min. Add methanol up to 30% capone RS and USP Entacapone Related Compound A RS inof the final volume and shake for 5 min. Dilute with methanol Diluentto volume. Centrifuge a portion of this solution. Standard solution:  3 µg/mL of USP Entacapone RS inChromatographic system Diluent(See Chromatography 〈621〉, System Suitability.) Sample solution:  3 mg/mL of entacapone from finely pow-Mode:  LC dered (NLT 20) Tablets. Add tetrahydrofuran up to 30% ofDetector:  UV 300 nm the final volume and sonicate for 3 min. Add methanol up toColumn:  4.6-mm × 25-cm; 5-µm packing L11 30% of the final volume and sonicate for 5 min. Dilute withFlow rate:  1 mL/min methanol to volume. Centrifuge a portion of this solution.Run time:  1.5 times the retention time of the entacapone [NOTE—Prepare the Sample solution fresh and use within 7 hpeak of preparation.]Injection size:  10 µL System suitabilitySystem suitability Samples:  System suitability solution and Standard solutionSample:  Standard solution Suitability requirementsSuitability requirements Resolution:  NLT 2.0 between entacapone related com-Tailing factor:  NMT 1.5 pound A and entacapone, System suitability solutionRelative standard deviation:  NMT 1.5% Relative standard deviation:  NMT 10.0%, StandardAnalysis solutionSamples:  Standard solution and Sample solution AnalysisCalculate the percentage of C14H15N3O5 in the portion of Samples:  Standard solution and Sample solutionTablets taken: Calculate the percentage of each impurity in the portion of

Tablets taken:Result = (rU/rS) × (CS/CU) × 100

Result = (rU/rS) × (CS/CU) × 100rU = peak response of the Sample solution
rS = peak response of the Standard solution
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rU = peak response of each impurity from the Sample Add the following:
solution

rS = peak response of entacapone from the Standard
solution ■Escitalopram Oxalate

CS = concentration of USP Entacapone RS in the
Standard solution (mg/mL)

CU = concentration of entacapone in the Sample solu-
tion (mg/mL)

Acceptance criteria
Individual impurities:  See Impurity Table 1.
Total impurities:  NMT 0.2%

Impurity Table 1
C20H21FN2O · C2H2O4 414.43

Relative Acceptance S-(+)-5-Isobenzofurancarbonitrile, 1-[3-(dimethylamino)propyl]-1-
 Retention  Criteria, (4-fluorophenyl)-1,3-dihydro-, oxalate; 

Name  Time NMT (%) S-(+)-1-[3-(Dimethylamino)propyl]-1-(p-fluorophenyl)-5-phthalan-
carbonitrile oxalate  [219861-08-2].Entacapone related com-

0.8 0.2
pound Aa

DEFINITION
Entacapone 1.0 — Escitalopram Oxalate contains NLT 98.0% and NMT 102.0% of
Any individual unspecified C20H21FN2O · C2H2O4, calculated on the anhydrous basis.— 0.1
degradation product

IDENTIFICATIONa (Z)-2-Cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N-diethylacrylamide. [NOTE—
• A. INFRARED ABSORPTION 〈197K〉Do not include entacapone related compound A in the calculation of total
• B.  The retention time of the major peak of the Sample solu-impurities.]

tion corresponds to that of the Standard solution, as obtained 
in the Assay.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in light-resistant containers. ASSAY

Store at controlled room temperature. • PROCEDURE
• USP REFERENCE STANDARDS 〈11〉 Solution A:  3.4 g/L of monobasic potassium phosphate in

USP Entacapone RS water. Adjust with phosphoric acid or sodium hydroxide solu-
USP Entacapone Related Compound A RS tion to a pH of 3.0 prior to final dilution.
[(Z)-2-Cyano-3-(3,4-dihydroxy-5-nitrophenyl)-N,N- Solution B:  Acetonitrile and Solution A (1:9)
diethylacrylamide] Solution C:  Acetonitrile and Solution A (13:7)

(C14H15N3O5 305.29)■1S (USP34) Mobile phase:  See the gradient table below.

Time Solution B Solution C Flow Rate
(min) (%) (%) (mL/min)BRIEFING

0 95 5 1
35 65 35 1

Escitalopram Oxalate.  Because there is no existing USP mon- 45 0 100 1
ograph for this drug substance, a new monograph based on 45.1 0 100 2
validated methods is proposed. The liquid chromatographic pro- 60 0 100 2
cedures in the Assay and in the test for Organic Impurities are

60.1 95 5 1based on analyses performed using a Phenomenex Luna C18(2)
68 95 5 1brand of L1 column. The typical retention time for escitalopram

is about 37 min. The gradient in the chromatographic system [NOTE—The gradient was established on an HPLC systemfor these two tests was established on an HPLC system with a with a dwell volume of approximately 1.6 mL. The injectiondwell volume of approximately 1.6 mL. The injection time can time can be adjusted relative to the start of a run to accom-be adjusted relative to the start of a run to accommodate modate changes in dwell volume from one HPLC system tochanges in dwell volume from one HPLC system to another to another to achieve the separation described.]achieve the separation described. The liquid chromatographic System suitability solution:  2 µg/mL each of USP Es-procedure in the test for Enantiomeric Purity is based on analyses citalopram Oxalate RS and USP Citalopram Related Com-performed using an Agilent Ultron ES-OVM brand of L57 col- pound D RS in Solution Bumn. The typical retention time for escitalopram is about 14 Standard solution:  0.5 mg/mL of USP Escitalopram Oxalatemin. RS in Solution B
Sample solution:  0.5 mg/mL of Escitalopram Oxalate in Solu-
tion B

(MD-PP: R. Ravichandran.) RTS—C54684 Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 237 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Column temperature:  45°
Flow rate:  See the gradient table above.
Injection size:  20 µL

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

Resolution:  NLT 1.5 between escitalopram and citalopram
related compound D, System suitability solution
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Tailing factor:  0.8–3, Standard solution Impurity Table 1 (continued)
Relative standard deviation:  NMT 2.0%, Standard

Relative Relative Acceptancesolution
Retention Response Criteria,Analysis

Name Time Factor NMT (%)Samples:  Standard solution and Sample solution
Citalopram relatedCalculate the percent of C20H21FN2O · C2H2O4 in the portion
compound Cd (3- 0.90 0.79 0.1of Escitalopram Oxalate taken:
oxocitalopram)

Result = (rU/rS) × (CS/CU) × 100 Citalopram related
compound De

0.97 1.0 0.1rU = peak response from the Sample solution (desmethyl
rS = peak response from the Standard solution citalopram)
CS = concentration of the Standard solution (mg/mL) Escitalopram 1.0 — —
CU = concentration of the Sample solution (mg/mL)

Citalopram relatedAcceptance criteria:  98.0–102.0% on the anhydrous basis
compound Ef

1.1 1.0 0.1
(citalopram N-ox-IMPURITIES
ide)Inorganic impurities

Individual unspeci-• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% — 1.0 0.1
fied impurity• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm

Organic Impurities a 1-(3-Dimethylaminopropyl)-1-(4′-fluorophenyl)-5-(4-dimethylami-
Solution A, Solution B, Solution C, Mobile phase, System nobutyryl)-1,3-dihydroisobenzofuran.
suitability solution, Standard solution, Sample solution, and b 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-
Chromatographic system:  Proceed as directed in the Assay. carboxamide.

System suitability c 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-
Samples:  System suitability solution and Standard solution dihydroisobenzofuran-5-carbonitrile.
Suitability requirements d 3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofura-

Resolution:  NLT 1.5 between escitalopram and citalopram none.
related compound D, System suitability solution e 1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-

Tailing factor:  0.8–3, Standard solution carbonitrile.
Relative standard deviation:  NMT 2.0%, Standard f 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-
solution carbonitrile-N-oxide.

Analysis
SPECIFIC TESTSSample:  Sample solution
• WATER DETERMINATION, Method Ia 〈921〉:  NMT 1.0%Calculate the percent of each impurity in the portion of Es-
• ENANTIOMERIC PURITYcitalopram Oxalate taken:

Solution A:  Dissolve 6.8 g of monobasic potassium phosphate
in 250 mL water, add 150 mL of 0.2 N sodium hydroxide,Result = (rU/rS) × (1/F) × 100
adjust with phosphoric acid or sodium hydroxide solution to a
pH of 7.0, and dilute with water to 1 L.rU = peak response of each impurity peak from the

Mobile phase:  Acetonitrile and Solution A (3:17)Sample solution
System suitability solution:  125 µg/mL each of USP R-rS = peak response of the escitalopram peak from the
Citalopram Oxalate RS and USP Escitalopram Oxalate RS inSample solution
Mobile phaseF = relative response factor (see Impurity Table 1)

Sample solution:  125 µg/mL of Escitalopram Oxalate in Mo-Acceptance criteria
bile phaseIndividual impurities:  See Impurity Table 1.

Chromatographic systemTotal impurities:  NMT 0.5%
(See Chromatography 〈621〉, System Suitability.)
Mode:  LCImpurity Table 1
Detector:  UV 240 nm
Column:  4.6-mm × 15-cm; 5-µm packing L57Relative Relative Acceptance
Column temperature:  30°Retention Response Criteria,
Flow rate:  0.6 mL/minName Time Factor NMT (%)
Injection size:  15 µL5-Dimethylami-

System suitabilitynobutyryl 0.40 0.34 0.2
Sample:  System suitability solutioncitaloprama

Suitability requirementsCitalopram related
0.50 0.79 0.1 Resolution:  NLT 1.3 between R-citalopram andcompound Ab

escitalopram
Citalopram related Tailing factor:  0.8–2.5 for escitalopram
compound Bc (3- Analysis0.74 1.0 0.1
hydroxy Sample:  Sample solution
citalopram) Calculate the percentage of R-citalopram oxalate in the por-

a 1-(3-Dimethylaminopropyl)-1-(4′-fluorophenyl)-5-(4-dimethylami- tion of Escitalopram Oxalate taken:
nobutyryl)-1,3-dihydroisobenzofuran.

b 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5- Result = (rU/rS) × 100
carboxamide.

rU = peak response of R-citalopram from the Samplec 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-
solutiondihydroisobenzofuran-5-carbonitrile.

rS = peak response of escitalopram from the Sampled 3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofura-
solutionnone.

e 1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-
carbonitrile.

f 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-
carbonitrile-N-oxide.
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Acceptance criteria:  NMT 3.0% Sample solution:  100 µg/mL of Levalbuterol Hydrochloride in
Diluent

ADDITIONAL REQUIREMENTS Chromatographic system
• PACKAGING AND STORAGE:  Preserve in well-closed containers. (See Chromatography 〈621〉, System Suitability.)
• USP REFERENCE STANDARDS 〈11〉 Mode:  LC

USP R-Citalopram Oxalate RS Detector:  UV 220 nm
[(R)-1-[3-(dimethylamino)propyl]-1-(p-fluorophenyl)-5- Column:  4.6-mm × 15-cm; 5-µm packing L1
phthalancarbonitrile oxalate] Column temperature:  35°

C20H21FN2O · C2H2O4 414.43 Flow rate:  1 mL/min
USP Citalopram Related Compound D RS Injection size:  10 µL
[1-(4-fluorophenyl)-1-(3-methylaminopropyl)-1,3- System suitability
dihydroisobenzofuran-5-carbonitrile hydrochloride] Sample:  Standard solution

C19H19FN2O · HCl 346.83 Suitability requirements
USP Escitalopram Oxalate RS■1S (USP34) Column efficiency:  Greater than 5500 theoretical plates

Tailing factor:  Less than 2.3
Relative standard deviation:  NMT 2.0%

Analysis
BRIEFING Samples:  Standard solution and Sample solution

Calculate the percentage of C13H21NO3 · HCl in the portion of
Levalbuterol Hydrochloride taken:

Levalbuterol Hydrochloride,   USP 32 page 2762 and the
Revision Bulletin posted on the USP website with an official date Result = (rU/rS) × (CS/CU) × 100
of August 1, 2009. It is proposed to revise the test for Organic

rU = peak response of Levalbuterol HydrochlorideImpurities by replacing the impurity SLB-OMe-sec with USP
from the Sample solutionLevalbuterol Related Compound H RS, a new USP Reference

rS = peak response of levalbuterol hydrochloride fromStandard that is now available. It is also proposed to delete the
the Standard solutionUSP Reference Standards that were originally added to run the

CS = concentration of USP Levalbuterol Hydrochloridetest for Organic volatile impurities; these tests no longer appear in
RS in the Standard solution (µg/mL)USP monographs.

CU = concentration of the Sample solution (µg/mL)
Acceptance criteria:  98.0%–102.0% on the anhydrous basis

(AER: K. Zaidi.) RTS—C88034 IMPURITIES
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.10%
• HEAVY METALS, Method I 〈231〉:  NMT 10 ppm

Levalbuterol Hydrochloride
Change to read:

Organic Impurities
 • PROCEDURE 1

Solution A, Solution B, Diluent, and Sample solution:  Pro-
C13H21NO3 · HCl 275.77 ceed as directed in the Assay.
(R)-α1-[(tert-Butylamino)methyl]-4-hydroxy-m-xylene-α,α′-diol hy- Standard solution: [NOTE—Prepare a solution containing the

drochloride [50293-90-8]. following in Diluent.]
USP Levalbuterol Hydrochloride RS, 100 µg/mL

DEFINITION USP Levalbuterol Related Compound A RS, 0.05 µg/mL
Levalbuterol Hydrochloride contains NLT 98.0% and NMT USP Levalbuterol Related Compound B RS, 0.05 µg/mL

102.0% of C13H21NO3 · HCl, calculated on the anhydrous basis. USP Levalbuterol Related Compound C RS, 0.05 µg/mL
USP Levalbuterol Related Compound D RS, 0.05 µg/mLIDENTIFICATION USP Levalbuterol Related Compound E RS, 0.05 µg/mL• INFRARED ABSORPTION 〈197K〉 USP Levalbuterol Related Compound F RS, 0.05 µg/mL
■USP Levalbuterol Related Compound H RS, 0.05 µg/ASSAY
mL■1S (USP34)• PROCEDURE

Mobile phase:  See the gradient table below.Solution A:  1 mg/mL of phosphoric acid in water
Solution B:  Acetonitrile, methanol, phosphoric acid, and
water (350:350:1:300) Time Solution A Solution B

Mobile phase:  See the gradient table below.  (min) (%) (%)
0 100 0

Time Solution A Solution B 30 70 30
(min) (%) (%) 50 28 72

0 91.5 8.5 50.01 0 100
15 91.5 8.5 55 0 100

15.01 0 100 55.01 100 0
20 0 100 70 100 0

20.01 91.5 8.5
Chromatographic system30 91.5 8.5
(See Chromatography 〈621〉, System Suitability.)

Diluent:  Solution A
Standard solution:  100 µg/mL of USP Levalbuterol Hydro-
chloride RS in Diluent
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Mode:  LC Mode:  LC
Detector:  UV 220 nm Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 5-μm packing L1 Column:  4.6-mm × 25-cm; 5-μm packing L63
Column temperature:  45° Flow rate:  1 mL/min
Flow rate:  1 mL/min Injection size:  10 μL
Injection size:  50 μL System suitability

System suitability Sample: System suitability solution A
Sample: Standard solution Suitability requirements
Suitability requirements Resolution:  NLT 2.0 between levalbuterol and (S)-
Resolution:  NLT 4.9 between levalbuterol and albuterol
levalbuterol related compound A; NLT 1.5 between Column efficiency:  NLT 4000, calculated from either
levalbuterol related compound B and levalbuterol related peak
compound C Tailing factor:  NMT 2.2 for levalbuterol and (S)-albuterol

Column efficiency:  NLT 4000 for levalbuterol Relative standard deviation:  NMT 20% for (S)-albuterol,
Tailing factor:  NMT 4.0 for levalbuterol injected three times
Relative standard deviation:  Less than 20% from any of Analysis
the six related compound peaks Samples: System suitability solution B and Sample solution

Analysis  Calculate the percentage of (S)-albuterol in the portion of
Samples: Standard solution and Sample solution Levalbuterol Hydrochloride taken:
[NOTE—Integrate all peaks with an area greater than 0.05%

Result = (rU/rT) × 100of the area corresponding to the levalbuterol peak.]
Calculate the percentage of each impurity in the portion of

rU = peak response of (S)-albuterolLevalbuterol Hydrochloride taken:
rT = sum of the peak responses for both levalbuterol

and (S)-albuterolResult = (rU/rT) × (1/F) × 100
Acceptance criteria:  NMT 0.2% of (S)-albuterol

rU = peak response of each impurity from the Sample
SPECIFIC TESTSsolution
• MICROBIAL ENUMERATION TESTS 〈61〉 AND TESTS FOR SPECIFIED MI-rT = sum of the responses of all the peaks

CROORGANISMS 〈62〉:  The total aerobic bacterial count is lessF = relative response factor for each impurity (see
than 10 cfu/g. The total combined molds and yeasts count isImpurity Table 1)
less than 10 cfu/g; and it meets the requirements of the testsAcceptance criteria:  See Impurity Table 1.
for absence of Salmonella species, Staphylococcus aureus, Es-
cherichia coli, and Pseudomonas aeruginosa.

Impurity Table 1 • PH 〈791〉:  4.5–5.5, in a 10 mg/mL solution
Relative Relative Acceptance • WATER DETERMINATION, Method Ic 〈921〉:  NMT 0.3%

Name Retention Response Criteria,
ADDITIONAL REQUIREMENTSTime Factor NMT (%)
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-Levalbuterol related com- 1.2

1.0 0.1 tainers, and store at controlled room temperature.pound A
•SLB-OMe-seca•(RB 1-

Aug-2009)■Levalbuterol re- •0.15•(RB 1- Change to read:
1.3 1.0

lated compound Aug-2009)

H■1S (USP34)
• USP REFERENCE STANDARDS 〈11〉Levalbuterol related com-

1.5 1.0 0.10 USP Albuterol RSpound B
USP Dehydrated Alcohol RS

Levalbuterol related com- •0.15•(RB 1- USP Ethyl Acetate RS1.6 1.0
pound C Aug-2009) USP Heptane RS

Levalbuterol related com- ■
■1S (USP34)1.7 3.0 0.05

pound D USP Levalbuterol Hydrochloride RS
Levalbuterol related com- USP Levalbuterol Related Compound A RS2.1 1.0 0.1
pound E USP Levalbuterol Related Compound B RS

USP Levalbuterol Related Compound C RSLevalbuterol related com-
3.5 1.2 0.10 USP Levalbuterol Related Compound D RSpound F

USP Levalbuterol Related Compound E RSAny unknown impurity — — 0.10
USP Levalbuterol Related Compound F RSTotal unknown impurities — — 0.1
USP Methyl Alcohol RS■USP Levalbuterol Related Compound

Total impurities — — 0.5 H RS•a α-[[1,1-Dimethylethyl)amino]methyl]-4-hydroxy-1-methoxymethyl-3- [4-[2-(tert-butylamino)-1-methoxyethyl]-2-
benzenmethanol.• (RB 1-Aug-2009)■ ■1S (USP34) (hydroxymethyl)phenol]

(C14H23NO3 253.34)■1S (USP34)• PROCEDURE 2: ENANTIOMERIC PURITY AND CHIRAL IDENTITY
USP 2-Propanol RS■

■1S (USP34)Mobile phase:  Acetonitrile, methanol, acetic acid, and tri-
ethylamine (500:500:3:1)

Diluent: Mobile phase
System suitability solution A:  0.10 mg/mL of USP BRIEFINGLevalbuterol Hydrochloride RS and 0.40 μg of USP Albuterol
RS in Diluent

System suitability solution B:  1.5 mg/mL of USP Albuterol
Lopinavir.  Because there is no existing USP monograph for thisRS in Diluent
drug substance, a new monograph is being proposed. The HPLCSample solution:  0.8 mg/mL of Levalbuterol Hydrochloride
procedures in the Assay and tests for Organic Impurities arein Diluent
based on analyses performed with a YMC J’Sphere ODS-H80Chromatographic system
brand of L1 column. The typical retention time for lopinavir is(See Chromatography 〈621〉, System Suitability.)
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between 35 and 40 min in the Assay and test for Organic Impuri- Mode:  LC
ties, Procedure 1. The typical retention time for lopinavir is be- Detector:  UV 215 nm
tween 5 and 8 min in the test for Organic Impurities, Procedure Column:  4.6-mm × 25-cm; 4-µm packing L1
2. Column temperature:  50°

Flow rate:  1 mL/min
Injection size:  20 µL
Run time:  60 min(MD-AA: L. Santos, B. Davani.) RTS—C74212 System suitability
Sample:  Standard solution
Suitability requirements

Column efficiency:  NLT 8000 theoretical plates
Capacity factor:  NLT 15

Add the following: Tailing factor:  0.8–1.5
Relative standard deviation:  NMT 2.0%

Analysis
■Lopinavir Samples:  Standard solution and Sample solution

Calculate the percentage of C37H48N4O5 in the portion of
Lopinavir taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of lopinavir in the Sample solution
rS = peak response of lopinavir in the Standard solu-

tion
CS = concentration of USP Lopinavir RS in the Stan-

dard solution (mg/mL)
CU = nominal concentration of Lopinavir in the SampleC37H48N4O5 628.80

solution (mg/mL) [1S-[1R*(R*),3R*,4R*]]-N-[4[[(2,6-Dimethylphe-
Acceptance criteria:  98.0%–102.0% on the anhydrous basisnoxy)acetyl]amino]-3-hydroxy-5-phenyl-1-

(phenylmethyl)pentyl]-tetrahydro-α-(1-methylethyl)-2-
IMPURITIESoxo-1(2H)-pyrimidineacetamide;
Inorganic Impurities(αS)-Tetrahydro-N-[(αS)-α-[(2S,3S)-2hydroxy-4-phenyl-3-[2-(2,6-
• RESIDUE ON IGNITION 〈281〉:  NMT 0.2%xylyloxy)acetamido]butyl]phenethyl]-α-isopropyl-2-oxo-1(2H)-
• HEAVY METALS, Method II 〈231〉:  NMT 20 ppmpyrimidineacetamide [192725-17-0].
Organic Impurities
• PROCEDURE 1DEFINITION

[NOTE—For early-eluting impurities.] Lopinavir contains NLT 98.0% and NMT 102.0% of C37H48N4O5
Buffer, Diluent, and Solution A:  Proceed as directed in thecalculated on the anhydrous basis.
Assay.

IDENTIFICATION Solution B:  Acetonitrile and Buffer (3:1)
• A. INFRARED ABSORPTION 〈197S〉 Mobile phase:  See the gradient table below.

Sample solution:  Dissolve 50 mg in 1.0 mL of deuterated
chloroform.

Time Solution A Solution B• B.  The retention time of the lopinavir peak of the Sample
(min) (%) (%)solution corresponds to that of the Standard solution, as ob-

0 100 0tained in the Assay.
60 100 0

ASSAY 61 0 100
• PROCEDURE

81 0 100Buffer:  2.7 g/L of monobasic potassium phosphate and 0.9
82 100 0g/L of dibasic potassium phosphate in water. Adjust with

100 100 0phosphoric acid to a pH of 6.0. Pass the solution through a
suitable 0.45-µm filter.

Standard solution:  0.005 mg/mL of USP Lopinavir RS inDiluent:  Acetonitrile and water (1:1)
DiluentSolution A:  Acetonitrile and Buffer (9:11)

Sample solution:  0.5 mg/mL in DiluentMobile phase:  Solution A
System suitability solution:  0.5 mg/mL of USP LopinavirStandard solution:  0.025 mg/mL of USP Lopinavir RS in
System Suitability Mixture RS in DiluentDiluent

Chromatographic systemSample solution:  0.025 mg/mL in Diluent
(See Chromatography 〈621〉, System Suitability.)Chromatographic system
Mode:  LC(See Chromatography 〈621〉, System Suitability.)
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; 4-µm packing L1
Column temperature:  50°
Flow rate:  1 mL/min
Injection size:  20 µL
Run time:  100 min
[NOTE—Data collection is only for the first 60 min. The
remaining gradient steps wash out the late eluting impu-
rities and re-equilibrate the column.]

System suitability
Samples:  Standard solution and System suitability solution
[NOTE—The relative retention times are listed in Impurity
Table 1.]
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Suitability requirements Impurity Table 1 (continued)
Resolution:  NLT 1.2 between lopinavir N-formylphenoxy-

Relative Relative Acceptanceacetamide and lopinavir N-acetylphenoxyacetamide, Sys-
Retention Response Criteria,tem suitability solution

Name Timeo Factor NMT (%)Capacity factor:  NLT 15, Standard solution
Lopinavir N-formylphe- 0.59 1.3 0.1Column efficiency:  NLT 8000, Standard solution
noxyacetamidefTailing factor:  0.8–1.5, Standard solution

Relative standard deviation:  NMT 3.0%, Standard Lopinavir N-acetylphe- 0.62 1.2 0.1
solution noxyacetamideg

Analysis Lopinavir oxazineh 0.90 1.1 0.10
Samples:  Diluent, Standard solution, Sample solution, and Lopinavir 1.00 — —
System suitability solution

Isolopinaviri 1.10 0.99 0.2Calculate the percentage of each lopinavir related impurity
Lopinavir 2,4-phenoxy 1.13 0.97 0.10and unidentified impurity in the portion of Lopinavir taken:
isomerj

Lopinavir D-leucine dias- 1.25 1.1 0.10Result = (rU/rS) × (CS/CU) × (1/F) × 100
tereomerk

rU = peak response of impurity in the Sample solution Z-Diacylethenediaminel 1.28 1.4 0.1
rS = peak response of lopinavir in the Standard solu- Lopinavir (2R,4R) diaster- 1.32 1.0 0.10

tion eomerm

CS = concentration of USP Lopinavir RS in the Stan-
Lopinavir (4R) epimern 1.38 0.97 0.10dard solution (mg/mL)
Any other individual im- — 1.0 0.10CU = nominal concentration of Lopinavir in the Sample
puritysolution (mg/mL)

a (S)-N-[(2S,4S,5S)-5-Amino-4-hydroxy-1,6-diphenylhexan-2-yl]-3-methyl-2-[2-F = relative response factor (see Impurity Table 1)
oxotetrahydropyrimidin-1(2H)-yl]butanamide.

b (S)-N-[(2S,4S,5S)-5-Formamido-4-hydroxy-1,6-diphenylhexan-2-yl]-3-meth-Impurity Table 1
yl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.

c (2S,2’S)-N,N’-[(2S,3S,5S)-3-Hydroxy-1,6-diphenylhexane-2,5-diyl]bis{3-meth-Relative Relative Acceptance
yl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide}.Retention Response Criteria,

d (2S,3S,5S)-2-[2-(2,6-Dimethylphenoxy)acetamido]-5-{(S)-3-methyl-2-[2-oxote-Name Timeo Factor NMT (%)
trahydropyrimidin-1(2H)-yl]butanamido}-1,6-diphenylhexan-3-yl hydrogen sul-Lopinavir free aminea 0.03 0.61 0.1
fate.Lopinavir N-formylami- 0.07 0.80 0.2

e N-[(2S,3S,5S)-5-Amino-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6-dimethylphe-noalcoholb
noxy)acetamide.

Lopinavir divalinatec 0.10 0.65 0.1 f 2-(2,6-Dimethylphenoxy)-N-[(2S,3S,5S)-5-formamido-3-hydroxy-1,6-
Sulfolopinavird 0.13 0.76 0.1 diphenylhexan-2-yl]acetamide.
Lopinavir phenoxy- 0.25 0.96 0.10 g N-[(2S,3S,5S)-5-Acetamido-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6-
acetamidee dimethylphenoxy)acetamide.

h N-{(S)-1-[(4S,6S)-4-Benzyl-2-oxo-1,3-oxazinan-6-yl]-2-phenylethyl}-2-(2,6-a (S)-N-[(2S,4S,5S)-5-Amino-4-hydroxy-1,6-diphenylhexan-2-yl]-3-methyl-2-[2-
dimethylphenoxy)acetamide.oxotetrahydropyrimidin-1(2H)-yl]butanamide.

i (S)-N-{(2S,3S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-3-hydroxy-1,6-b (S)-N-[(2S,4S,5S)-5-Formamido-4-hydroxy-1,6-diphenylhexan-2-yl]-3-meth-
diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
yl]butanamide.c (2S,2’S)-N,N’-[(2S,3S,5S)-3-Hydroxy-1,6-diphenylhexane-2,5-diyl]bis{3-meth-
j (S)-N-{(2S,4S,5S)-5-[2-(2,4-Dimethylphenoxy)acetamido]-4-hydroxy-1,6-yl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide}.
diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-d (2S,3S,5S)-2-[2-(2,6-Dimethylphenoxy)acetamido]-5-{(S)-3-methyl-2-[2-oxote-
yl]butanamide.trahydropyrimidin-1(2H)-yl]butanamido}-1,6-diphenylhexan-3-yl hydrogen sul-
k (R)-N-{(2S,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6-fate.
diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-e N-[(2S,3S,5S)-5-Amino-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6-dimethylphe-
yl]butanamide.noxy)acetamide.

l (Z)-N,N’-(Ethene-1,2-diyl)bis[2-(2,6-dimethylphenoxy)acetamide].f 2-(2,6-Dimethylphenoxy)-N-[(2S,3S,5S)-5-formamido-3-hydroxy-1,6-
m (S)-N-{(2R,4R,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6-diphenylhexan-2-yl]acetamide.
diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-g N-[(2S,3S,5S)-5-Acetamido-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6-
yl]butanamide.dimethylphenoxy)acetamide.

n (S)-N-{(2S,4R,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6-h N-{(S)-1-[(4S,6S)-4-Benzyl-2-oxo-1,3-oxazinan-6-yl]-2-phenylethyl}-2-(2,6-
diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-dimethylphenoxy)acetamide.
yl]butanamide.i (S)-N-{(2S,3S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-3-hydroxy-1,6-

o (See Chromatography 〈621〉, Interpretation of Chromatograms.)diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-
yl]butanamide. • PROCEDURE 2
j (S)-N-{(2S,4S,5S)-5-[2-(2,4-Dimethylphenoxy)acetamido]-4-hydroxy-1,6- [NOTE—For late-eluting impurities.]
diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)- Buffer, Diluent, and Solution A:  Proceed as directed in the
yl]butanamide. Assay.
k (R)-N-{(2S,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6- Solution B:  Acetonitrile and Buffer (3:1)
diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)- Mobile phase:  Solution A and Solution B (3:7)
yl]butanamide. Standard solution:  0.005 mg/mL of USP Lopinavir RS in

l (Z)-N,N’-(Ethene-1,2-diyl)bis[2-(2,6-dimethylphenoxy)acetamide]. Diluent
m (S)-N-{(2R,4R,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6- Sample solution:  0.025 mg/mL in Diluent
diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)- System suitability solution:  0.5 mg/mL of USP Lopinavir
yl]butanamide. System Suitability Mixture RS in Diluent

n (S)-N-{(2S,4R,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6- Chromatographic system
diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)- (See Chromatography 〈621〉, System Suitability.)
yl]butanamide.

o (See Chromatography 〈621〉, Interpretation of Chromatograms.)
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Mode:  LC Impurity Table 2 (continued)
Detector:  UV 215 nm

Relative Relative AcceptanceColumn:  4.6-mm × 25-cm; 4-µm packing L1
Retention Response Criteria,Column temperature:  50°

Name Timeg Factor NMT (%)Flow rate:  1 mL/min
Lopinavir amino- 8.46 1.3 0.1Injection size:  20 µL
alcohol ureafRun time:  50 min

System suitability Any other individual — 1.0 0.10
Sample:  Standard solution impurity
[NOTE—The relative retention times are listed in Impurity a (S)-{(2S,3S,5S)-2-[2-(2,6-Dimethylphenoxy)acetamido]-5-[(S)-3-methyl-2-(2-
Table 2.] oxotetrahydropyrimidin-1(2H)-yl)butanamido]-1,6-diphenylhexan-3-yl} 3-meth-

Suitability requirements yl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanoate.
Capacity factor:  NLT 1.5 b (S)-N-{(2R,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6-
Column efficiency:  NLT 3000 diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-
Tailing factor:  0.8–1.5 yl]butanamide.
Relative standard deviation:  NMT 3.0% c N,N’-[(2S,3S,5S)-3-Hydroxy-1,6-diphenylhexane-2,5-diyl]bis[2-(2,6-

Analysis dimethylphenoxy)acetamide].
Samples:  Diluent, Standard solution, Sample solution, and d (S)-N-{(2S,4S,5S)-5-[2-(2,6-dimethylphenoxy)acetamido]-4-hydroxy-1,6-
System suitability solution diphenylhexan-2-yl}-2-{3-[2-(2,6-dimethylphenoxy)acetyl]-2-oxote-

Calculate the percentage of each lopinavir related impurity trahydropyrimidin-1(2H)-yl}-3-methylbutanamide.
and unidentified impurity in the portion of Lopinavir taken: e (2S,3S,5S)-2-[2-(2,6-Dimethylphenoxy)acetamido]-5-{(S)-3-methyl-2-[2-oxote-

trahydropyrimidin-1(2H)-yl]butanamido}-1,6-diphenylhexan-3-yl 2-(2,6-
Result = (rU/rS) × (CS/CU) × (1/F) × 100 dimethylphenoxy)acetate.

f N,N’-(2S,2’S,3S,3’S,5S,5’S)-5,5’-Carbonylbis(azanediyl)bis(3-hydroxy-1,6-
rU = peak response of impurity in the Sample solution diphenylhexane-5,2-diyl)bis[2-(2,6-dimethylphenoxy)acetamide].
rS = peak response of lopinavir in the Standard solu- g (See Chromatography 〈621〉, Interpretation of Chromatograms.)

tion
CS = concentration of USP Lopinavir RS in the Stan- Acceptance criteria

dard solution (mg/mL) Total impurity:  NMT 0.7%
CU = nominal concentration of Lopinavir in the Sample [NOTE—Total impurities from Procedure 1 and Procedure 2.]

solution (mg/mL)
SPECIFIC TESTSF = relative response factor (see Impurity Table 2)
• WATER DETERMINATION, Method I 〈921〉:  NMT 4.4%

Impurity Table 2 ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:   Preserve in tight containers. StoreRelative Relative Acceptance at room temperature.Retention Response Criteria, • USP REFERENCE STANDARDS 〈11〉Name Timeg Factor NMT (%) USP Lopinavir RS

Lopinavir 1.00 — — USP Lopinavir System Suitability Mixture RS
Lopinavir O-acyla 1.49 0.77 0.1 Lopinavir System Suitability Mixture contains Lopinavir N-
Lopinavir (2R) epimerb 1.91 1.1 0.10 formylphenoxyacetamide, Lopinavir N-acetylphenoxy-

acetamide, and several other minor components.Lopinavir diamidec 4.39 1.4 0.1
[Lopinavir N-formylphenoxyacetamide is (2-(2,6-Lopinavir N-acyld 6.01 1.3 0.1
Dimethylphenoxy)-N-[(2S,3S,5S)-5-formamido-3-hy-Lopinavir O-phenoxy- 7.14 1.1 0.10 droxy-1,6-diphenylhexan-2-yl]acetamide.]actyle (C29H34N2O4 474.59)

a (S)-{(2S,3S,5S)-2-[2-(2,6-Dimethylphenoxy)acetamido]-5-[(S)-3-methyl-2-(2- [Lopinavir N-acetylphenoxyacetamide is (N-[(2S,3S,5S)-5-
oxotetrahydropyrimidin-1(2H)-yl)butanamido]-1,6-diphenylhexan-3-yl} 3-meth- Acetamido-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6-
yl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanoate. dimethylphenoxy)acetamide.]

b (S)-N-{(2R,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6- (C30H36N2O4 488.62)
diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-

■1S (USP34)
yl]butanamide.

c N,N’-[(2S,3S,5S)-3-Hydroxy-1,6-diphenylhexane-2,5-diyl]bis[2-(2,6-
dimethylphenoxy)acetamide].

d (S)-N-{(2S,4S,5S)-5-[2-(2,6-dimethylphenoxy)acetamido]-4-hydroxy-1,6- BRIEFING
diphenylhexan-2-yl}-2-{3-[2-(2,6-dimethylphenoxy)acetyl]-2-oxote-
trahydropyrimidin-1(2H)-yl}-3-methylbutanamide.

e (2S,3S,5S)-2-[2-(2,6-Dimethylphenoxy)acetamido]-5-{(S)-3-methyl-2-[2-oxote- Mefloquine Hydrochloride Tablets.  Because there is no ex-
trahydropyrimidin-1(2H)-yl]butanamido}-1,6-diphenylhexan-3-yl 2-(2,6- isting USP monograph for this drug product, a new monograph,
dimethylphenoxy)acetate. based on validated methods of analysis, is being proposed. The

f N,N’-(2S,2’S,3S,3’S,5S,5’S)-5,5’-Carbonylbis(azanediyl)bis(3-hydroxy-1,6- liquid chromatographic procedures in the test for Organic Impu-
diphenylhexane-5,2-diyl)bis[2-(2,6-dimethylphenoxy)acetamide]. rities and in the Assay are based on analyses performed with a

g (See Chromatography 〈621〉, Interpretation of Chromatograms.) Restek Ultra IBD brand of L68 column. The typical retention
time for mefloquine hydrochloride is about 5.6 min.

(MD-AA: B. Davani. BPC: M. Marques.) RTS—C79491
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Acceptance criteria:  90.0%–110.0%Add the following:

PERFORMANCE TESTS
• DISSOLUTION 〈711〉■Mefloquine Hydrochloride Tablets

Medium:  0.1 N Hydrochloric acid; 900 mL
Apparatus 2:  50 rpm

DEFINITION Time:  30 min
 Mefloquine Hydrochloride Tablets contain NLT 90.0% and NMT Standard stock solution:  0.2 mg/mL of USP Mefloquine Hy-

110.0% of the labeled amount of mefloquine hydrochloride drochloride RS in Medium. [NOTE—Use 5% of the flask volume
(C17H16F6N2O · HCl). of methanol to facilitate dissolution before solubilization with

Medium.]IDENTIFICATION
Standard solution:  0.04 mg/mL of USP Mefloquine Hydro-• A.  The retention time of the major peak of the Sample solu-
chloride RS in Medium from the Standard stock solutiontion corresponds to that of the Standard solution, as obtained

Sample solution:  Dilute a portion of the solution under testin the Assay.
with Medium (1:5), and pass a portion through a suitable filter• B. ULTRAVIOLET ABSORPTION 〈197U〉
of 0.8-µm pore size.Diluent, Sample solution, and Standard solution:  Proceed

Spectrometric conditionsas directed in the Assay.
(See Spectrophotometry and Light-Scattering 〈851〉.)Blank:  Diluent
Mode:  UV absorption spectroscopy
Analytical wavelength:  UV 285 nmASSAY
Cell length:  1 cm• PROCEDURE
Blank:   MediumBuffer:  2.72 g/L of monobasic potassium phosphate. Adjust

Analysiswith phosphoric acid to a pH of 3.0 ± 0.1.
Calculate the percentage of C17H16F6N2O · HCl dissolved:Diluent:  Methanol and water (23:27)

Mobile phase:  Methanol, acetonitrile, and Buffer (13:10:27)
Result = (AU/AS) × (CS/L) × D × V × 100Standard solution:  0.05 mg/mL of USP Mefloquine Hydro-

chloride RS in Diluent
AU = absorbance of mefloquine from the Sample solu-Sensitivity solution:  0.025 µg/mL of USP Mefloquine Hydro-

tionchloride RS in Diluent
AS = absorbance of mefloquine from the Standard so-Sample stock solution:  Transfer a suitable number of Tablets

lutionto a volumetric flask, dilute with methanol (approximately
CS = concentration of USP Mefloquine Hydrochloride80% of the total volume), shake for 30 min, allow to sit for 1

RS in the Standard solution (mg/mL)h, and dilute with methanol to volume to obtain a solution
D = dilution factor of the Sample solutionhaving a concentration of 2.5 mg/mL of Mefloquine
L = label claim (mg/Tablet)Hydrochloride.
V = volume of Medium, 900 mLSample solution:  0.05 mg/mL of Mefloquine Hydrochloride

Tolerances:  NLT 80% (Q) of the labeled amount ofin Diluent from the Sample stock solution
C17H16F6N2O · HCl is dissolved.Chromatographic system

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements(See Chromatography 〈621〉, System Suitability.)
Mode:  LC IMPURITIES
Detector:  UV 222 nm Organic Impurities
Column:  4.6-mm × 15-cm; 5-µm packing L68 • PROCEDURE
Flow rate:  1 mL/min Buffer, Diluent, Mobile phase, Standard solution, Sensitiv-
Injection size:  10 µL ity solution, Sample stock solution, Sample solution, Chro-

System suitability matographic system, and System suitability:  Proceed as
Samples:  Standard solution and Sensitivity solution directed in the Assay.
Suitability requirements Analysis

Column efficiency:  NLT 4000 theoretical plates, Standard Samples:  Standard solution and Sample solution
solution Calculate the percentage of each impurity in the portion of

Tailing factor:  NMT 1.5, Standard solution Tablets taken:
Signal-to-noise ratio:  NLT 5, Sensitivity solution
Relative standard deviation:  NMT 2.0%, Standard Result = (rU/rS) × (CS/CU) × 100
solution

Analysis rU = peak response of each impurity from the Sample
Samples:  Standard solution and Sample solution solution
Calculate the percentage of C17H16F6N2O · HCl in the portion rS = peak response of mefloquine hydrochloride from
of Tablets taken: the Standard solution

CS = concentration of USP Mefloquine Hydrochloride
Result = (rU/rS) × (CS/CU) × 100 RS in the Standard solution (mg/mL)

CU = concentration of mefloquine hydrochloride in
rU = peak response from the Sample solution the Sample solution (mg/mL)
rS = peak response from the Standard solution Acceptance criteria
CS = concentration of USP Mefloquine Hydrochloride Individual impurities:  See Impurity Table 1.

RS in the Standard solution (mg/mL) [NOTE—Do not include the threo isomer, a process impu-
CU = concentration of Mefloquine Hydrochloride in rity monitored in the drug substance, in the calculation of

the Sample solution (mg/mL) total impurities. Disregard any peak less than 0.05%.]
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Total impurities:  NMT 0.50% • B.  The retention time of the major peak in the Sample solution
corresponds to that of pramipexole (S enantiomer) in the Sys-
tem suitability solution in the test for Enantiomeric Purity.Impurity Table 1

• C. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉
Relative Acceptance Sample:  1 mg/mL of pramipexole dihydrochloride in water

 Retention  Criteria, Acceptance criteria:  Meets the requirements of the silver ni-
Name  Time NMT (%) trate precipitate test

Specified (unidentified) 0.67 0.15
ASSAY

Specified (unidentified) 0.70 0.15 • PROCEDURE
threo-Mefloquine (DL- Solution A:  Dissolve 9.1 g of potassium dihydrogen phos-
threo-α-2-Piperidyl-2,8- phate and 5.0 g of sodium 1-octanesulfonate monohydrate in
bis(trifluoromethyl)-4- 1 L of water. Adjust with phosphoric acid to a pH of 3.0.
quinolinemethanol) 0.75 — Solution B:  Acetonitrile and Solution A (1:1)

Specified (unidentified) 0.84 0.25 Diluent:  Acetonitrile and Solution A (1:4)
Mobile phase:  See the gradient table below.Mefloquine Hydrochlo-

ride 1.0 —
Any other unknown indi- Time Solution A Solution B
vidual impurity — 0.15  (min) (%) (%)

0 60 40
ADDITIONAL REQUIREMENTS 15 20 80
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con- 15.1 60 40

tainers. Store at controlled room temperature. 20 60 40•  USP REFERENCE STANDARDS 〈11〉
USP Mefloquine Hydrochloride RS■1S (USP34) System suitability solution:  1.5 mg/mL of USP Pramipexole

Dihydrochloride RS and 0.8 mg/mL of USP Pramipexole Re-
lated Compound A RS in Diluent

Standard solution:  1.5 mg/mL of USP Pramipexole Dihydro-
BRIEFING chloride RS in Diluent

Sample solution:  1.5 mg/mL of Pramipexole Dihydrochloride
in Diluent

Pramipexole Dihydrochloride.  Because there is no existing Chromatographic system
USP monograph for this drug substance, a new monograph is (See Chromatography 〈621〉, System Suitability.)
proposed. The proposed methods for the Assay and the test for Mode:  LC
Organic Impurities are based on an HPLC method, validated with Detector:  UV 264 nm
the Inertsil ODS-2 brand of L1 column. The typical retention Column:  4.6-mm × 15-cm; 5-µm packing L1
times for pramipexole related compound A and pramipexole are Temperature:  40 ± 5°
about 3.7 and 5.6 min, respectively. The proposed HPLC Flow rate:  1.5 mL/min
method in the test for Enantiomeric purity is based on analyses Injection size:  5 µL
performed with the Daicel Chiralpak AD amylose brand of L51 System suitability
column. The typical retention times for pramipexole (R-enanti- Samples:  System suitability solution and Standard solution
omer) and pramipexole (S-enantiomer) are about 5.3 and 10 [NOTE—The relative retention times for pramipexole related
min, respectively. compound A and pramipexole are about 0.7 and 1.0,

respectively.]
Suitability requirements

Resolution:  NLT 6.0 between pramipexole related com-(MD-PP: R. Ravichandran.) RTS—C71538
pound A and pramipexole, System suitability solution

Tailing factor:  NMT 2.0 for pramipexole, System suitability
solution

Relative standard deviation:  NMT 1.0%, Standard
solution

Add the following: Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C10H19Cl2N3S in the portion of■Pramipexole Dihydrochloride Pramipexole Dihydrochloride taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Pramipexole Dihydrochlo-

C10H17N3S · 2HCl · H2O 302.26 ride RS in the Standard solution (mg/mL)
Benzothiazole-2,6-diamine, 4,5,6,7-tetrahydro-N6-propyl-, dihy- CU = concentration of the Sample solution (mg/mL)

drochloride, monohydrate, (S)-; Mr1 = molecular weight of pramipexole dihydrochlo-
(S)-2-Amino-4,5,6,7-tetrahydro-6-(propylamino)benzothiazole di- ride, 284.26

hydrochloride monohydrate [191217-81-9]. Mr2 = molecular weight of pramipexole dihydrochlo-
ride monohydrate, 302.26DEFINITION

Pramipexole Dihydrochloride contains NLT 98.0% and NMT
102.0% of C10H19Cl2N3S, calculated on the anhydrous basis.

IDENTIFICATION
• A. INFRARED ABSORPTION 〈197A〉 or 〈197M〉

Wave number range:  〈197A〉, 3800 cm−1 to 650 cm−1;
〈197M〉, 4000 cm−1 to 600 cm−1
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Acceptance criteria:  98.0%–102.0% on the anhydrous basis Acceptance criteria
Individual impurities:  See Impurity Table 1.

IMPURITIES Total impurities:  NMT 0.5%
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.10%

Impurity Table 1• HEAVY METALS, Method I 〈231〉
Standard solution:  Standard Lead Solution, 10 ppm Relative Acceptance
Sample solution:  Ash 2 g of Pramipexole Dihydrochloride Retention Criteria,
until an almost dry, carbonized mass is obtained. Cool the  Name  Time NMT (%)
residue, add 2.0 mL of concentrated nitric acid and 5 drops Pramipexole propionamidea 0.5 0.15
of concentrated sulfuric acid, and carefully allow the fumes

Pramipexole related com- 0.7 0.15to evolve. Ignite at 500°–600° until the carbon is completely
pound Ab

burned off. Cool the residue, add 4 mL of 6 M hydrochloric
Pramipexole 1.0 —acid, cover the crucible, and digest on a boiling water bath
N-Propylpramipexolec 1.4 0.15for 15 min. Evaporate to dryness. Add one drop of concen-

trated hydrochloric acid and 10 mL of hot water, and digest Pramipexole dimerd 1.7 0.15
for a further 2 min on the boiling water bath. Add 6 M am- Any other unidentified indi- — 0.10
monia solution dropwise until the solution is weakly alkaline, vidual impurity
and adjust with 1 M acetic acid to a pH of 3.0–4.0. Filter the a (S)-N-(2-Amino-4,5,6,7-tetrahydrobenzothiazol-6-yl)propionamide.
solution into a 25-mL volumetric flask, and dilute with water b (S)-4,5,6,7-Tetrahydrobenzothiazole-2,6-diamine
to 25 mL by washing the crucible and the filter. c (S)-2,6-dipropylamino-4,5,6,7-tetrahydrobenzothiazole.

Acceptance criteria:  NMT 10 ppm d N6,N6’-[2-methylpentane-1,3-diyl]bis(4,5,6,7-tetrahydrobenzothiazole-2,6-di-
Organic Impurities amine). This is a dimer of pramipexole (a mixture of 4 possible isomers).• PROCEDURE

Solution A, Solution B, Diluent, and Mobile phase:  Pro- SPECIFIC TESTS
ceed as directed in the Assay. •  WATER DETERMINATION, Method I 〈921〉:  NLT 4.5% and NMT

System suitability solution:  7.5 µg/mL of USP Pramipexole 6.5%
Dihydrochloride RS and 3 µg/mL of USP Pramipexole Related • ENANTIOMERIC PURITY
Compound A RS in Diluent Procedure

Standard solution:  7.5 µg/mL of USP Pramipexole Dihydro- Mobile phase:  n-Hexane, dehydrated alcohol, and diethyl-
chloride RS in Diluent amine (850:150:1)

Sample solution:  1.5 mg/mL of pramipexole dihydrochlo- System suitability stock solution:  1 mg/mL each of USP
ride in Diluent Pramipexole Dihydrochloride RS and USP Pramipexole Re-

Chromatographic system lated Compound D RS in dehydrated alcohol
(See Chromatography 〈621〉, System Suitability.) System suitability solution:  0.01 mg/mL each of USP
 Proceed as directed in the Assay. Pramipexole Dihydrochloride RS and USP Pramipexole Re-

System suitability lated Compound D RS from System suitability stock solution in
Samples:  System suitability solution and Standard solution Mobile phase
Suitability requirements Standard stock solution:  2.0 mg/mL of USP Pramipexole
Resolution:  NLT 6.0 between pramipexole related com- Related Compound D RS in dehydrated alcohol
pound A and pramipexole, System suitability solution Standard solution:  1.5 µg/mL of USP Pramipexole Related

Tailing factor:  NMT 2.0 for pramipexole, System suitabil- Compound D RS in Mobile phase
ity solution Sample solution:  0.3 mg/mL, prepared by dissolving a suit-

Relative standard deviation:  NMT 5.0%, Standard able weighed quantity of Pramipexole Dihydrochloride in
solution 25% of a flask volume of dehydrated alcohol and diluting

Analysis with Mobile phase to volume
Samples:  Standard solution and Sample solution Chromatographic system
Calculate the percentage of any individual impurity in the (See Chromatography 〈621〉, System Suitability.)
portion of Pramipexole Dihydrochloride taken: Mode:  LC

Detector:  UV 254 nm
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 Column:  4.6-mm × 25-cm; 10-µm packing L51

Flow rate:  1.5 mL/min
rU = peak response for each impurity from the Sam- Sample size:  75 µL

ple solution System suitability
rS = peak response for pramipexole from the Stan- Samples:  System suitability solution and Standard solution

dard solution [NOTE—The relative retention times for pramipexole related
CS = concentration of USP Pramipexole Dihydrochlo- compound D (R enantiomer) and pramipexole (S enanti-

ride RS in the Standard solution (mg/mL) omer) are 0.5 and 1.0, respectively.]
CU = concentration of pramipexole dihydrochloride Suitability requirements

monohydrate in the Sample solution (mg/mL) Resolution:  NLT 5.0 between pramipexole related com-
Mr1 = molecular weight of pramipexole dihydrochlo- pound D and pramipexole, System suitability solution

ride, 284.26 Tailing factor:  NMT 2.4 for pramipexole, System suitabil-
Mr2 = molecular weight of pramipexole dihydrochlo- ity solution

ride monohydrate, 302.26 Analysis
Samples:  Sample solution and Standard solution
Calculate the percentage of pramipexole related compound
D in the portion of Pramipexole Dihydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response for pramipexole related com-
pound D from the Sample solution

rS = peak response for pramipexole related com-
pound D from the Standard solution
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CS = concentration of pramipexole related compound Add the following:
D in the Standard solution (mg/mL)

CU = concentration of the Sample solution (mg/mL)
Acceptance criteria:  NMT 1.0% of pramipexole related ■Ropinirole Tablets
compound D

• LIMIT OF PALLADIUM DEFINITION
[NOTE—Perform this test if palladium is a known inorganic Ropinirole Tablets contain ropinirole hydrochloride equivalent to
impurity.] NLT 90.0% and NMT 110.0% of the labeled amount of

Diluent:  0.1 M hydrochloric acid ropinirole free base (C16H24N2O).
Standard solution:  40 µg/L of palladium in Diluent, from
commercially available palladium standard solution for atomic IDENTIFICATION
absorption/inductively coupled plasma [NOTE—Freshly prepare • The retention time of the major peak of the Sample solution
this solution as required on the day of use.] corresponds to that of the Standard solution, as obtained in

Sample solution:  To 0.5 g of Pramipexole Dihydrochloride in the Assay.
a 50-mL volumetric flask add 5.00 mL of 1 M hydrochloric

ASSAYacid, and dissolve with heating. Cool to room temperature,
• PROCEDUREand dilute with water to volume.

Buffer:  3.85 g/L of ammonium acetate. Adjust with phos-Spectrometric conditions
phoric acid to a pH of 2.5.(See Spectrophotometry and Light-Scattering 〈851〉).

Mobile phase:  Acetonitrile, methanol, and Buffer (7:3:40)Mode:  Atomic absorption spectrophotometry
Standard solution:  0.1 mg/mL of USP Ropinirole Hydrochlo-Analytical wavelength:  Palladium emission line at 247.6 nm
ride RS in BufferLamp:  Hollow cathode

System suitability solution:  0.1 mg/mL of USP RopiniroleAtomization source:  Graphite furnace. [NOTE—Follow the
Hydrochloride RS and 0.5 µg/mL of USP Ropinirole Relatedmanufacturer’s recommended programming sequence.]
Compound B RS in BufferSample size:  20 µL

Sample solution:  0.1 mg/mL of ropinirole in Buffer (from NLTBlank:  Diluent
5 Tablets). [NOTE—Add 50% of the flask volume with Buffer.System suitability
Shake mechanically for 30 min. Dilute with Buffer to volume.Sample:  Standard solution
Pass a portion of the supernatant through a suitable mem-Suitability requirements
brane filter of 0.45-µm pore size.]Absorbance:  NLT 0.034

Chromatographic systemAnalysis
(See Chromatography 〈621〉, System Suitability.)Samples:  Standard solution and Sample solution
Mode:  LCDetermine the concentration of palladium in the Sample solu-
Detector:  UV 250 nmtion by the standard addition method.
Column:  4.6-mm × 25-cm; 5-µm packing L7Acceptance criteria:  NMT 5 ppm
Column temperature:  30°

ADDITIONAL REQUIREMENTS Flow rate:  1 mL/min
• PACKAGING AND STORAGE:  Preserve in well-closed containers, Injection size:  20 µL

protected from moisture and light. Run time:  2 times the retention time of the ropinirole peak
• USP REFERENCE STANDARDS 〈11〉 System suitability

USP Pramipexole Dihydrochloride RS Samples:  Standard solution and System suitability solution
USP Pramipexole Related Compound A RS Suitability requirements
[(S)-4,5,6,7-Tetrahydrobenzothiazole-2,6-diamine] Resolution:  NLT 2.0 between ropinirole and ropinirole re-
(C7H11N3S 169.25) lated compound B; System suitability solution

 USP Pramipexole Related Compound D RS Relative standard deviation:  NMT 2.0%, Standard
[(R)-2-Amino-4,5,6,7-tetrahydro-6- solution
(propylamino)benzothiazole] Analysis

(C10H17N3S 211.33)■1S (USP34) Samples:  Standard solution and Sample solution
Calculate the percentage of ropinirole (C16H24N2O) in the
portion of Tablets taken:

BRIEFING Result = (rU/rS) × CS/CU) × (Mr1/Mr2) × 100

rU = peak response of the Sample solution
rS = peak response of the Standard solutionRopinirole Tablets.  Because there is no existing USP mono-
CS = concentration of USP Ropinirole Hydrochloridegraph for this drug product, a new monograph, based on vali-

RS in the Standard solution (mg/mL)dated methods of analyses, is being proposed. The liquid chro-
CU = nominal concentration of ropinirole in the Sam-matographic procedures in the Assay and in Dissolution Test 2

ple solution (mg/mL)are based on analyses performed with the Kromasil C8, brand of
Mr1 = molecular weight of ropinirole, 260.37L7 column. The typical retention time for ropinirole is about
Mr2 = molecular weight of ropinirole hydrochloride,11.5 min. The gradient elution liquid chromatographic method

296.84in the test for Organic Impurities is based on analyses performed
Acceptance criteria:  90.0%–110.0% of ropinirole free basewith the Kromasil C8 brand of L7 column. The typical retention

time for ropinirole is 15 min. The liquid chromatographic proce-
PERFORMANCE TESTSdure in Dissolution Test 1 is based on analyses performed with • DISSOLUTION 〈711〉the Phenomenex ODS/B brand of L1 column. The typical reten-

Test 1tion time for the ropinirole peak is 2 min.
Medium:  2.9 g/L of sodium citrate dihydrate and 3.3 g/L of
anhydrous citric acid in water, pH 4.0; 500 mL

Apparatus 1:  50 rpm
(MD-PP: R. Ravichandran. BPC: M. Marques.) RTS—C73230; Time:  15 min

C79381 Mobile phase:  Acetonitrile and Medium (1:4)
Standard solution:  4.5 µg/mL of USP Ropinirole Hydrochlo-
ride RS in Medium.

Sample solution:  Pass a portion of the solution through a
suitable filter of 0.45-µm pore size, discarding the first few
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mL. Dilute with Medium to a concentration similar to the Mr2 = molecular weight of ropinirole hydrochloride,
Standard solution. 296.84

Chromatographic system V = volume of Medium (mL), 500
(See Chromatography 〈621〉, System Suitability.) Tolerances:  NLT 80% (Q) of the labeled amount of
Mode:  LC ropinirole is dissolved.
Detector:  UV 250 nm • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
Column:  3.0-mm × 7-cm; 5-µm packing L1

IMPURITIESFlow rate:  0.6 mL/min
Organic ImpuritiesInjection size:  50 µL
• PROCEDURERun time:  3 times the retention time of the ropinirole

Solution A:  3.85 g/L of ammonium acetate. Adjust withpeak
phosphoric acid to a pH of 2.5.System suitability

Solution B:  Methanol and acetonitrile (3:7)Sample:  Standard solution
Mobile phase:  See the gradient table below.Suitability requirements

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% Time Solution A Solution B

Analysis (min) (%) (%)
Samples:  Standard solution and Sample solution

0 84 16Calculate the percentage of the labeled amount of
16 84 16ropinirole dissolved:
36 20 80

Result = (rU/rS) × CS/L) × D × (Mr1/Mr2) × V × 100 36.1 84 16
51 84 16

rU = peak response from the Sample solution
rS = peak response from the Standard solution Standard solution:  0.1 mg/mL of USP Ropinirole Hydrochlo-
CS = concentration of USP Ropinirole Hydrochloride ride RS in Buffer

RS in the Standard solution (mg/mL) System suitability solution:  0.1 mg/mL of USP Ropinirole
L = Tablet label claim (mg) Hydrochloride RS and 0.5 µg/mL of USP Ropinirole Related
D = dilution factor of the Sample solution Compound B RS in Buffer
Mr1 = molecular weight of ropinirole, 260.37 Sample solution:  0.1 mg/mL of ropinirole in Buffer (from
Mr2 = molecular weight of ropinirole hydrochloride, NLT 5 Tablets). [NOTE—Add 50% of the flask volume with

296.84 Buffer. Shake mechanically for 30 min. Dilute with Buffer to
V = volume of Medium, 500 (mL) volume. Pass a portion of the supernatant through a suitable

Tolerances:  NLT 85% (Q) of the labeled amount of membrane filter of 0.45-µm pore size.]
ropinirole is dissolved. Chromatographic system

Test 2:  If the product complies with this test, the labeling (See Chromatography 〈621〉, System Suitability.)
indicates that it meets USP Dissolution Test 2. Mode:  LC
Medium:  2.1 g/L of citric acid in water. Adjust with a solu- Detector:  UV 250 nm
tion containing 121.2 g/L of tris (hydroxy- Column:  4.6 mm × 25 cm, 5-µm L7 packing
methyl)methylamine in water to a pH of 4.0 ± 0.1; 500 mL, Flow rate:  1 mL/min
deaerated. Injection size:  100 µL

Apparatus 1:  50 rpm System suitability
Time:  15 min Samples:  Standard solution and System suitability solution
Buffer and Mobile phase:  Prepare as directed in the Assay. Suitability requirements
Standard solution:  L/500 µg/mL of USP Ropinirole Hydro- Resolution:  NLT 2.0 between ropinirole and ropinirole
chloride RS in Medium, in which L is the label claim in related compound B, System suitability solution
mg/Tablet Relative standard deviation:  NMT 1.5%, Standard

Sample solution:  Pass a portion of the solution through a solution
polyethylene filter of 15–20 µm pore size, discarding the first Analysis
few mL. Sample:  Sample solution

Chromatographic system Calculate the percentage of each impurity in the portion of
(See Chromatography 〈621〉, System Suitability.) Tablets taken:
Mode:  LC
Detector:  UV 250 nm Result = (rU/rT) × 100
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1.0 mL/min rU = peak area for the individual impurity from the
Injection size:  200 µL for Tablets with a label claim of Sample solution
0.25, 0.5, 1.0, and 2.0 mg/Tablet; 100 µL for all other rT = sum of all peak areas from the Sample solution
strengths Acceptance criteria

System suitability Individual impurities:  See Impurity Table 1.
Sample:  Standard solution Total impurities:  NMT 2.0%
Suitability requirement
Relative standard deviation:  NMT 1.5% Impurity Table 1

Analysis
Samples:  Standard solution and Sample solution Relative Acceptance
Calculate the percentage of ropinirole (C16H24N2O) Retention Criteria,
dissolved: Name Time NMT (%)

Monopropyl ropinirolea 0.4 0.6
Result = (rU/rS) × CS/L) × (Mr1/Mr2) × V × 100 Ropinirole related compound Bb 0.9 0.6

Ropinirole 1.0 —rU = peak response of the Sample solution
rS = peak response of the Standard solution a 4-[2-(Propylamino)ethyl]indolin-2-one.
CS = concentration of USP Ropinirole Hydrochloride b 4-[2-(Dipropylamino)ethyl]indoline-2,3-dione.

RS in the Standard solution (mg/mL) c (Z)-4-[2-(Dipropylamino)ethyl]-3-propylideneindolin-2-one.
Mr1 = molecular weight of ropinirole, 260.37
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Impurity Table 1 (continued) Dermis does not contain intact cells, cell nuclei, or chemically
induced crosslinks. Human skin used to produce Microsized

Relative Acceptance Human Acellular Dermal Matrix Scaffold Human Dermis is ob-
Retention Criteria, tained from sources that have passed applicable donor eligibil-

Name Time NMT (%) ity requirements for relevant communicable diseases.
Propylidene ropinirolec 2.2 0.4 Microsized Human Acellular Dermal Matrix Scaffold Human
Any unspecified degradation — 0.3 Dermis is manufactured using sterile solutions and equipment
product under aseptic conditions. The final product is inspected and

tested to ensure that the product meets specifications.a 4-[2-(Propylamino)ethyl]indolin-2-one.
b 4-[2-(Dipropylamino)ethyl]indoline-2,3-dione.

SPECIFIC TESTSc (Z)-4-[2-(Dipropylamino)ethyl]-3-propylideneindolin-2-one. • HISTOLOGICAL EVALUATION
ADDITIONAL REQUIREMENTS [NOTE—Histological evaluation of Microsized Human Acellular
• PACKAGING AND STORAGE:  Preserve in well-closed containers, Dermal Matrix is performed on the Human Acellular Dermal

and store at a controlled room temperature. Matrix prior to micronization.]
• LABELING:  When more than one Dissolution Test is given, the Sucrose solution:  Dissolve 20 g of sucrose in 100 mL of

labeling states the Dissolution Test used only if Test 1 is not water.
used. Tissue preparation:  Submerge a 1.4-cm or greater size piece

• USP REFERENCE STANDARDS 〈11〉 of Human Acellular Dermal Matrix Scaffold Human Dermis in
USP Ropinirole Hydrochloride RS normal saline solution to rehydrate the tissue for a minimum
USP Ropinirole Related Compound B RS of 4–8 h. Cut three 1.5-cm × 0.5-cm pieces of Human Acellu-
[4-[2-(Dipropylamino)ethyl]indoline-2,3-dione] lar Dermal Matrix Scaffold Human Dermis, and place each
(C16H22N2O2 274.36)■1S (USP34) piece from the same donor lot into a suitable histological tis-

sue cassette for routine histology processing and paraffin em-
bedding. Place the cassettes in 10% neutral buffered formalin1

at room temperature for a minimum of 12 h. [NOTE—the cas-
BRIEFING settes may be kept at room temperature for 1 month.] From

the same donor lot, cut a minimum of three 1.0-cm × 0.5-cm
pieces of Human Acellular Dermal Matrix Scaffold Human Der-
mis for immunohistochemical (IHC) staining, and place in aScaffold Human Dermis,  pages 558 and 561 of PF (35)3
vial containing the Sucrose solution. Store at between 2° and[May–June 2009]. Two monographs were initially proposed
8° for a minimum of 4 h, but the product can be held in theunder the names Acellular Dermal Matrix (the sheet form of the
solution for up to 2 weeks.product) and Microsized Human Acellular Dermal Matrix (the

Embedding and sectioning of histological samples:  Placepowder form). The BB CGT Expert Committee proposes to
all cassettes to be processed into a suitable histological cas-merge the two monographs into a single monograph, because
sette basket including one cassette containing formalin-fixedthe two forms of the product meet the same test specifications.
normal skin to serve as a process control. The following stepsIn addition to merging the two monographs, the committee
can be performed using a vacuum infiltration tissue proces-proposes to change the monograph title to Scaffold Human Der-
sor.2 At room temperature (37° ± 2°), tissue samples that con-mis to align with a new nomenclature scheme that the commit-
tinue to fix in 10% neutral buffered formalin are dehydratedtee developed in agreement with the Nomenclature Expert
through graded reagent alcohol (70%, 80%, 95%, andCommittee for monographs about tissues and tissue-derived
100%).3 The tissue samples are cleared in a xylene substitute.4products.
The tissue is infiltrated with paraffin5 at 60°. The following
embedding procedure can be performed with the use of a
histology tissue embedding unit, consisting of a thermal con-(BB CGT: F. Atouf.) RTS—C87608 sole, dispensing console, and cryo-console. Open the histo-
logical cassette. Partially fill embedding molds with molten
paraffin (60°). While keeping the paraffin heated, position
the three tissue pieces on edge in the paraffin so that cross-
sections of the Human Acellular Dermal Matrix Scaffold

Add the following: Human Dermis, once they are completely embedded, can be
cut. Rapidly cool the paraffin so that it partially solidifies.
Completely fill the embedding mold with additional molten

■Microsized Human Acellular Dermal paraffin (60°), and cool until completely solidified.
Remove solidified paraffin blocks from embedding molds forMatrix Scaffold Human Dermis
sectioning. Sectioning of paraffin-embedded samples can be
performed on a suitable microtome.6 Clamp the tissue blockDEFINITION
into the holder of the microtome. Fill a histological water Microsized Human Acellular Dermal Matrix Scaffold Human Der-
bath with fresh water. [NOTE—A quarter teaspoon of gelatinmis is derived from donated allograft human dermis that is
may be added to the water bath for section adhesion.] Main-processed to remove cells and freeze-dried to remove moisture
tain the water bath at 39° ± 2°. Cut sections to a thickness ofwhile preserving biologic components and structure of the der-
3–5 µm to form a ribbon, and gently lay the ribbon on themal matrix. It is biocompatible and supports remodeling by the
water bath. Place two consecutive sections on each glass mi-recipient’s own tissue. The matrix is composed of native human
croscope slide.dermal architecture, consisting of collagen (mainly collagen

Embedding and sectioning of immunohistochemical sam-Type I, with additional components of collagen Types III and
ples:  Fill histology embedding molds with a cryo-protectantIV), chondroitin sulfate and hyaluronic acid glycosaminogly-

cans, and elastin. The product can be provided in a sheet or 1 10% Neutral buffered formalin can be purchased through Statlab Medical
powder form. Products, Inc. Lewisville, TX.

The donated human skin is processed in a manner that removes 2 A suitable processor can be the Tissue Tek V.I.P. Model #1000 vacuum infiltra-
all cellular components, including the epidermal layer and der- tion tissue processor or the Leica ASP300 tissue processor.
mal cells. The resulting acellular dermal matrix product is then 3 Graded alcohols: 70%, 80%, and 95% are prepared using 100% reagent alco-
rendered into a particulate form (microsized), with a mean par- hol, such as that purchased from Statlab Medical Products, Inc. Lewisville, TX.
ticle size of less than 100 µm, by processing with a freezer mill. 4 Such as a citrus clearing solvent from Richard-Allan Scientific, Kalamazoo, MI.
Microsized Human Acellular Dermal Matrix Scaffold Human 5 Such as Paraplast, Extra, manufactured by McCormick Scientific, St. Louis, MO.

6 Such as Leica RM 2155 or RM 2255 Rotary Microtome.
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embedding media. Transfer tissue pieces from the Sucrose solu- 3,3-Diaminobenzidine staining kit or stable diami-
tion to the embedding media in the mold, orient so that nobenzidine (DAB):12  To make the working stain, consult
cross-sections can be cut, and let sit for 1–30 min. Freeze the kit instructions. Store the kit at between 2° and 8°. 3,3-
molds with liquid nitrogen, and store at −80°. Remove the Diaminobenzidine is light sensitive; minimum exposure to
frozen blocks from the molds for sectioning. Cryo-section each light is advisable. Stable DAB is stored at between 0° and
block to 4–7 µm in thickness, and place the sections on glass −20°.
microscope slides. Place at least two sections on each slide. 3% Hydrogen peroxide:  Store at room temperature.
Slides can be stored at between −70° and −85°. Acetone:  Store at between −10° and −20°.

Hematoxylin and eosin sample staining:  [NOTE—Store all Analysis for monoclonal anti-MHC class I and class II:  Fro-
solutions at room temperature.] zen sections are obtained and slides are fixed in Acetone. En-
1% Acid alcohol solution:  Alcohol, hydrochloric acid, and dogenous peroxides are blocked with 3% Hydrogen peroxide.
water (1309:20:509) A cocktail of Human monoclonal anti-MHC class I, Human

95% Reagent alcohol solution:  Alcohol and water (190:10) monoclonal anti-MHC class II, and bovine serum albumin are
80% Reagent alcohol solution:  Alcohol and water (160:40) applied to the sections. Sections are rinsed with PBS, and the
Saturated lithium carbonate solution:  Water, lithium car- secondary antibody, Goat anti-mouse IgG peroxidase conju-
bonate (200:2), (v:w) gate, is applied. Following the application of the secondary

Analysis:  The slide with affixed tissue (sections) is deparaf- antibody, the sections are rinsed in PBS and the DAB is ap-
finized in three changes of xylene substitute, rehydrated in plied. The sections are then counterstained in hematoxylin,
graded reagent alcohols (100% and 95%), and rinsed in tap decolorized in 1% Acid alcohol solution, neutralized in Satu-
water. The sections are stained with hematoxylin, rinsed, de- rated lithium carbonate solution, dried, and coverslipped.
colorized with 1% Acid alcohol solution, and neutralized with Control slides:  Normal skin samples are frozen and sec-
Saturated lithium carbonate solution. The sections are counter- tioned for control tissue. The positive control receives ex-
stained with 1% alcoholic eosin Y, dehydrated through actly the same treatment as the test samples. The negative
graded reagent alcohols (95% and 100%) and xylene substi- control is the same tissue section as the positive. The dif-
tute, and then coverslipped. A positive control is stained with ference is that one critical stain step is omitted, such as the
each batch to ensure successful staining. application of the primary antibodies. All other stain steps

Acceptance criteria:  Adequate staining is defined by a blue are completed in accordance with the test slides. If accept-
nuclear stain and a pink-red cytoplasm. Sections are assessed able control stains are not achieved, the stain is repeated.
for tissue matrix integrity and are acceptable if they pass the Acceptance criteria:  Positive Adequate positive staining of
following criteria: they must not show evidence of intact epi- sections will appear brown in color, focal, and cell-associated
dermal or dermal cells and must not show evidence of wide- and will be clearly distinct from the background, as shown in
spread collagen damage (broken, condensed, or distorted fi- the USP Human Acellular Dermal Matrix Scaffold Human Der-
bers) or unrecognizable papillary layer, as shown in the USP mis Reference Photomicrographs of products with acceptable
Human Acellular Dermal Matrix Scaffold Human Dermis Ref- appearance for staining with MHC I and II antibodies. Nega-
erence Photomicrographs7 of products with acceptable tive stain results appear clear with no brown staining; only a
appearance. light blue hematoxylin counterstain will be seen.

Immunohistochemical sample staining Analysis for monoclonal anti-type IV collagen:  Frozen sec-
0.5 M phosphate-buffered saline, pH 7.4 (PBS):  Prepare by tions are obtained, and slides are fixed in Acetone. Endoge-
combining 8.50 g of sodium chloride, 0.85 g of dibasic so- nous peroxides are blocked with 3% Hydrogen peroxide.
dium phosphate, and 0.54 g of monobasic potassium phos- Human monoclonal anti-type IV collagen along with bovine
phate in 1 L water. Adjust the pH to 7.4 with 1.0–3.0 M serum albumin are applied to the sections. Sections are
sodium hydroxide. Store at room temperature. rinsed with PBS, and the secondary antibody, Goat anti-

Diluent PBS:  Combine 0.250 g of bovine serum albumin, 25 mouse IgG peroxidase conjugate, is applied. Following the ap-
mL of PBS, and 0.02–0.03 g of thimerosal. Store at between plication of the secondary antibody, the sections are rinsed in
2° and 8° for up to 1 year. PBS, and the DAB is applied. The sections are then counter-

Primary and secondary antibodies:  Perform a titer assay to stained in hematoxylin, decolorized in 1% Acid alcohol solu-
determine the optimal dilution for each antibody when a tion, neutralized in Saturated lithium carbonate solution, dried,
new lot is used. Dilute in Diluent PBS as per titer assay. and coverslipped.

Human monoclonal anti-type IV collagen:8  25- to 100-µL Control slides:  Normal skin samples are frozen and sec-
aliquots of concentrated antibody may be stored at between tioned for control tissue. The positive control receives ex-
−70° and −85°. actly the same treatment as the test samples. The negative

Human monoclonal anti-MHC class I:9  100- to 200-µL ali- control is the same tissue section as the positive. The dif-
quots of concentrated antibody may be stored at between ference is that one critical stain step is omitted, such as the
−70° and −85°. application of the primary antibodies. All other stain steps

Human monoclonal anti-MHC class II:10  100- to 200-µL are completed in accordance with the test slides. If accept-
aliquots of concentrated antibody may be stored at between able control stains are not achieved, the stain is repeated.
−70° and −85°. Acceptance criteria:  Positive Adequate positive stain results

Goat anti-mouse IgG (Fab-specific) peroxidase will reveal a brown stain in the location of the basement
conjugate:11  100- to 200-µL aliquots of concentrated an- membrane, as shown in the USP Human Acellular Dermal
tibody may be stored at between −70° and −85°. Matrix Scaffold Human Dermis Reference Photomicrographs

of products with acceptable appearance for staining with col-
7 These photomicrographs are available as a CD from the USP Reference Stan- lagen type IV antibodies. Negative stain results appear clear
dards collection, available to the reader through USP Customer Services. To with no brown staining; only a light blue hematoxylin
order these and other Reference Standards, call 1-800-227-8772 (U.S. and counterstain will be seen.
Canada), +1-301-881-0666 or 00-800-4875-5555 (select Europe), or • BIOCHEMICAL ANALYSIS
www.usp.org. Order item number 1535813. Sample solution:  Submerge 20 mg of Human Acellular Der-

8 A suitable primary antibody is available from Sigma, 3050 Spruce St., St. Louis, mal Matrix Scaffold Human Dermis in normal saline solution
MO 63103, catalog #C1926. to rehydrate the tissue for a minimum of 4–8 h. Freeze the

9 A suitable primary antibody is available from VMRD Inc., PO Box 502, Pull- sample and mill using a freezer mill.13 Suspend in 10 mL of 4
man, WA 99163, catalog #H58A. M guanidine hydrochloride, 50 mM sodium acetate, 5 mM

10 A suitable primary antibody is available from VMRD Inc., PO Box 502, Pull- EDTA, 0.1 mM phenylmethylsulfonyl fluoride (PMSF), 10 mM
man, WA 99163, catalog #TH14B. N-ethylmaleimide (NEM), 0.2% Triton X-100, pH 5.8, and ex-

11 A suitable secondary antibody is available from Sigma, 3050 Spruce St., St. tract for 48 h at 4°, with agitation. Centrifuge for 10 min at
Louis, MO 63103 cat #A9917.

12 DAB can be sourced from Invitrogen/Zymed, Serotec, or Dako.
13 Such as SPEX/CertiPrep Freezer/Mill.
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4° and 23,500 g. Remove the supernatant, and digest with 20 PMSF, and 10 mM NEM for 24–48 h with agitation at 4°.
µL of chondroitinase ABC,14 1 milli-Unit/µL. Analyze for Centrifuge the extracted tissue at 23,500 g for 10 min, and
Glycosaminoglycan (GAG) content and Immunochemical analysis remove the supernatant.
of decorin (below). For Collagen content analysis, wash the pel- Nitro blue tetrazolium (NBT):  Dissolve 0.5 g in 10 mL of
let three times with 10 mL of deionized water, centrifuging for 70% dimethyl sulfoxide (DMSO). Store in the dark at room
10 min at 4° and 23,500 g after each wash. Resuspend in a temperature.
minimal amount of water, freeze at −80°, and lyophilize. 5-Bromo-4-chloro-3-indolyl phosphate (BCIP):  Dissolve 0.5
Resuspend 20 mg of the lyophilized pellet in 20 mL of 0.5 M g in 10 mL of 100% DMSO. Store in the dark at room
acetic acid containing 100 µg of pepsin per mg of tissue, and temperature.
incubate overnight at 4° with agitation. Remove undigested Alkaline phosphatase buffer:  100 mM sodium chloride, 5
material by centrifugation at 23,500 g for 20 min. mM magnesium chloride, 100 mM Tris(hydroxymethyl)

Collagen content aminomethane hydrochloride, pH 9.5. Filter, and store at 4°.
Sample buffer:  Prepare as directed for Sample Buffer 1 in Chromogenic substrate mixture:  Mix 66 µL of NBT and 33
Biotechnology-Derived Articles—Polyacrylamide Gel Electrophore- µL of BCIP in 10 mL of Alkaline phosphatase buffer.
sis 〈1056〉, Electrophoretic Separation. Blotting buffer 1:  50 mM Tris buffered saline, pH 7.4, with

Sample collagen solution:  Add 20 µL of the supernatant 0.1% Tween 20 (TBST)
from the Sample solution to 20 µL of Sample buffer, mix, and Blotting buffer 2:  5% blotting grade milk in TBST
incubate at 60° for 15 min. Blotting buffer 3:  0.1% blotting grade milk in TBST

Control samples:  Prepare suitable positive control samples Analysis:  Run an aliquot of Sample decorin solution on an 8%
(human placental collagen types I15 and III)16 similar to Sam- polyacrylamide gel at 100 V for approximately 60 min along
ple collagen solution. with 100 µg of recombinant decorin20 positive control, bo-

Gel electrophoresis:  Load 40 µL of each of Sample collagen vine type I collagen21 negative control, and prestained molec-
solution and the Control samples onto a 6% acrylamide gel, ular weight marker, and transfer to a polyvinylidene fluoride
perform the electrophoretic separation, and stain with Coo- (PVDF) membrane according to the following procedure. In a
massie brilliant blue as directed under Biotechnology-Derived shallow tray, soak two sheets of Whatman paper and two
Articles—Polyacrylamide Gel Electrophoresis 〈1056〉. pieces of sponge in transfer buffer (200 mM glycine, 25 mM

Acceptance criteria:  The bands obtained from Human Acel- tris, and 20% methanol, pH 8.3). Soak the transfer mem-
lular Dermal Matrix Scaffold Human Dermis are distinct and brane in methanol before soaking in the transfer buffer. Equi-
clearly visible at a mobility similar to the bands obtained librate the gel in transfer buffer for 10 min. Assemble the
from the collagen types I and III control samples. No smears tank transfer apparatus according to manufacturer’s instruc-
corresponding to degraded collagen types I and III are found tions. Layer the following items within the apparatus in
on the gel. proper order: sponge, paper, gel, PVDF membrane, paper,

Glycosaminoglycan (GAG) content and sponge. Clamp the apparatus closed. Connect the elec-
Sample GAG solution:  Use 15 µL of the supernatant pre- trodes, and transfer the gel bands to the membrane at about
pared as directed for Sample solution. 100 V at 4° for about 1 h. Using prestained protein molecu-

DMMB reagent:  Dissolve 16 mg 1,9 dimethyl-methylene lar weight marker, and staining the gel after electro-blotting,
blue (DMMB) in 5 mL ethanol. Add 3.24 mL of formic acid allow for visual determination of transfer completion. When
and 2.94 mL of 10 M sodium hydroxide. Bring to 1000 mL transfer is complete, disconnect the transfer apparatus, and
with water. carefully remove the membrane. Block the membrane for at

50 mM Sodium acetate solution:  Dissolve 1.03 g sodium least 1 h with Blotting buffer 2, cover, and shake gently for
acetate in 250 mL water. 30 min. Wash the membrane three times for 5 min each

Analysis:  Add 15 µL of Sample GAG solution to each well of with Blotting buffer 1. Add rabbit anti-human decorin primary
a 96-well microtiter plate. To each sample well, add 200 µL antibody,22 diluted to 2 µg/mL in Blotting buffer 3, to the
DMMB reagent and 35 µL of 50 mM Sodium acetate solution. membrane, and incubate for 1 h with gentle shaking. Wash
Read the samples on a spectrophotometric microplate reader the membrane three times for 5 min with Blotting buffer 1.
at 540 nm, using 595 nm as a reference. Perform the same Add goat anti-rabbit IgG secondary antibody conjugated23 to
procedure on a sample of bovine collagen type I17 negative alkaline phosphatase, diluted 1:3000 in Blotting buffer 3, to
control and positive controls hyaluronic acid18 and chondroi- the membrane, and incubate for 1 h with gentle shaking.
tin sulfate,19 using 15 µL of 3 mg/mL solutions from each of Wash the membrane three times for 5 min with Blotting
the controls. buffer 1. Add 10 mL of Chromogenic substrate mixture, and

Acceptance criteria:  Microsized Human Acellular Dermal incubate until color has developed. When the bands are
Matrix Scaffold Human Dermis will contain glycosaminogly- clearly visible, stop the development reaction by rinsing the
cans (GAG) as represented by positive control standards. membrane with water.
GAG concentration can be determined by the preferential Acceptance criteria:  The decorin band obtained from
binding of DMMB dye to negatively charged ions such as Human Acellular Dermal Matrix Scaffold Human Dermis is
sulfated GAGs. the only band on the gel and is clearly visible at a mobility

Immunochemical analysis of decorin similar to the band obtained from the control sample recom-
Sample decorin solution:  Submerge 100–200 mg of binant decorin.
Human Acellular Dermal Matrix Scaffold Human Dermis in • MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-
normal saline solution to rehydrate the tissue for a minimum CROORGANISMS 〈62〉:  The total aerobic microbial count does
of 4–8 h. Using a freezer mill as outlined above, extract the not exceed 100 cfu/g, and the total combined molds and
tissue in a solution of 4 M guanidine hydrochloride, 50 mM yeasts count does not exceed 10 cfu/g. Microsized Human
sodium acetate (pH 5.8) containing 5 mM EDTA, 0.1 mM Acellular Dermal Matrix Scaffold Human Dermis meets the re-

quirements of the tests for the absence of Staphylococcus au-
14 Suitable chondroitinase is available from Seikagaku, Tokyo, Japan, catalog reus and Pseudomonas aeruginosa.

#100330. • PARTICLE SIZE ANALYSIS
15 Suitable type I collagen is available from Sigma, 3050 Spruce St., St. Louis, (See Particulate Matter in Injections 〈788〉.)

MO 63103, catalog #C7774.
16 Suitable type III collagen is available from Sigma, 3050 Spruce St., St. Louis, 20 Suitable decorin is available from R&D Systems, 614 McKinley Place NE, Min-

MO 63103, catalog #C4407. neapolis, MN 55413 catalog #143DE100.
17 Suitable type I collagen is available from Invitrogen, 1600 Faraday Ave., PO 21 Suitable type I collagen is available from Invitrogen, 1600 Faraday Ave., PO

Box 6482, Carlsbad, CA 92008 catalog #100. Box 6482, Carlsbad, CA 92008.
18 Suitable hyaluronic acid is available from Sigma, 3050 Spruce St., St. Louis, 22 Suitable primary antibody is available from BioVision, 980 Linda Vista Ave.,

MO 63103, catalog #H1876. Mountain View, CA 94043, catalog #3645100.
19 Suitable chondroitin sulfate is available from Sigma, 3050 Spruce St., St. 23 A suitable secondary antibody is available from Sigma, 3050 Spruce St., St.

Louis, MO 63103, catalog #C4384. Louis, MO 63103 cat #A9917.
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[NOTE—Test specific to the powder form] Add the following:
Sample:  100 mg of Microsized Human Acellular Dermal Ma-
trix powder form of Scaffold Human Dermis material

Analysis:   Add the Sample to 25 mL of saline in a clean 50- ■Telmisartan and Hydrochlorothiazide
mL conical tube. Rehydrate and disperse the particles by Tablets
probe sonication at 20 watts for 60 s. Place an appropriate
aliquot of sample suspension in an appropriate liquid particle

DEFINITIONcounter (LPC) for analysis by laser light obscuration (light
Telmisartan and Hydrochlorothiazide Tablets contain NLT 95.0%extinction).

and NMT 105.0% of the labeled amount of telmisartanAcceptance criteria:  The mean particle size is NMT 100 µm.
(C33H30N4O2) and NLT 90.0% and NMT 107.5% of the labeled
amount of hydrochlorothiazide (C7H8ClN3O4 S2).ADDITIONAL REQUIREMENTS

• LABELING:  The package label indicates the weight of the
IDENTIFICATIONMicrosized Human Acellular Dermal Matrix Scaffold Human • A. ULTRAVIOLET ABSORPTION 〈197U〉:  The spectrum of the solu-Dermis material enclosed. The label also contains the lot num-

tion under test corresponds to that of the Standard solution, asber, the expiration date, the trade name, the required storage
obtained in Assay.conditions, the dosage information, and manufacturer and/or • B.  The retention time of the two major peaks of the Sampledistributor contact information. “Instructions for Use,” which
solution corresponds to that of the Standard solution, as ob-includes a summary of records used to make donor eligibility
tained in the Assay.determination and necessary information for properly using

the product for its intended use, is provided with each matrix ASSAY
unit. • PROCEDURE

• PACKAGING AND STORAGE:  Microsized Human Acellular Dermal Diluent:  0.005 M methanolic solution of sodium hydroxide
Matrix is aseptically packaged and supplied in a freeze-dried Buffer:  2.0 g/L of ammonium dihydrogen phosphate. Adjust
configuration in a single-use delivery syringe. The syringe is with phosphoric acid to a pH of 3.0.
packaged in a hermetically sealed pouch. Microsized Human Solution A:  Methanol and acetonitrile (1:1)
Acellular Dermal Matrix is stored at between 1° and 10° and Mobile phase:  See the gradient table below.
labeled with an expiration date. Scaffold Human Dermis is
aseptically packaged and supplied in a freeze-dried configura-

Time Buffer Solution Ation in a double pouch configuration. It is supplied in various
(min)  (%)  (%)sizes and thicknesses. The powder configuration is supplied in

a single-use delivery syringe packaged in a hermetically sealed 0 85 15
pouch. Scaffold Human Dermis is stored between 1° and 10° 3.50 85 15
and labeled with the expiry date. 3.51 45 55• USP AUTHENTIC VISUAL REFERENCES 〈11〉

7.70 45 55USP Human Acellular Dermal Matrix Scaffold Human Dermis
7.71 20 80Reference Photomicrographs: the samples were prepared as
12.0 20 80directed in the test for Histological Evaluation. These photomi-

crographs show the histological appearance of passing histo- 12.1 85 15
logical evaluation with no evidence of intact epidermal or 15.5 85 15
dermal cells, and no evidence of collagen damage (photomi-
crographs 2–6) and of failed material with collagen damage Standard stock solution 1:  0.025 mg/mL of USP
and condensed papillary dermis or attached epidermal rem- Benzothiadiazine Related Compound A RS in Diluent
nant (photomicrographs 7–10). Passing and failed material Standard stock solution 2:  1.6 mg/mL or 3.2 mg/mL (re-
are compared to photomicrograph 1 showing the staining of quired for analyzing the Tablet strength of 80 mg/12.5 mg) of
unprocessed normal human skin with intact epidermal or USP Telmisartan RS, 0.5 mg/mL of USP Hydrochlorothiazide
dermal cells. Photomicrographs 11 and 12 are negative and RS, and 2.5 µg/mL of USP Benzothiadiazine Related Com-
positive controls for the analysis of immuno- pound A RS (use Standard stock solution 1) in Diluent
staining with MHC I and II antibodies. Photomicrographs 13 Standard solution A:  Dilute Standard stock solution 2 with a
and 14 are negative and positive controls for the analysis of 1:1 solution of Buffer and Solution A to prepare 0.32 mg/mL of
immunostaining with collagen type IV antibodies. For both telmisartan, 0.1 mg/mL of hydrochlorothiazide, and 0.5
types of staining, a passing positive stain will appear brown µg/mL of benzothiadiazine related compound A for Tablet
in color, focal, and cell-associated, whereas a failed negative strengths of 80 mg/25 mg and 40 mg/12.5 mg. The final
stain will appear clear with no brown staining.■1S (USP34) concentrations for analyzing the Tablet strength of 80

mg/12.5 mg are 0.32 mg/mL of telmisartan, 0.05 mg/mL of
hydrochlorothiazide solution, and 0.25 µg/mL of
benzothiadiazine related compound A.

BRIEFING Sample stock solution:  Transfer NLT 10 Tablets into a suita-
ble volumetric flask, add 0.1 N sodium hydroxide solution (5%
of the total volume of the flask), and shake until the Tablets
have completely disintegrated. Add methanol (80% of the to- Telmisartan and Hydrochlorothiazide Tablets.  Because
tal volume of the flask). Sonicate for 10 min and stir vigor-there is no existing USP monograph for this drug product, a
ously for 30 min. Allow to cool to room temperature, dilutenew monograph is proposed based on validated methods. The
with methanol to volume, and mix. The concentration of theliquid chromatographic procedures in the Assay and in the test
Sample stock solution is about 1.6 mg/mL of telmisartan.for Organic Impurities are performed using an Inertsil 5-µm col-
[NOTE—The hydrochlorothiazide concentration may vary de-umn of packing L7. The typical retention times for telmisartan
pending on the ratio of telmisartan to hydrochlorothiazide inand hydrochlorothiazide are about 7.7 and 2.7 min under the
the Tablet.] Centrifuge a portion of the solution at 4000 rpm.specified conditions for the Assay. The chromatographic proce-
[NOTE—To prevent heat from degrading the sample, do notdure in the test for Dissolution was validated using an Inertsil C8
extend the sonication time and also maintain the bath tem-brand of L7 packing. The typical retention times for hydrochlo-
perature at NMT 22° by adding ice.]rothiazide and telmisartan are about 1.3 and 3.9 min,

Sample solution:  Dilute 1 mL of the Sample stock solution torespectively.
5 mL in a 1:1 solution of Buffer and Solution A.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)(MD-CV: S. Ramakrishna. BPC: M. Marques.) RTS—C67684
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Mode:  LC Injection size:  4 µL
Detector:  UV 270 nm for hydrochlorothiazide and 298 nm Mobile phase:  See the gradient table below.
for telmisartan

Column:  4.0-mm × 12.5-cm; 5-µm packing L7
Time Solution A Solution BColumn temperature:  40°
(min) (%) (%)Flow rate:  1.2 mL/min

0 85 15Injection size:  10 µL
1.50 85 15System suitability

Sample:  Standard solution A 1.51 60 40
Suitability requirements 5.00 60 40

Resolution:  NLT 2.0 between hydrochlorothiazide and 5.01 20 80
benzothiadiazine related compound A

6.20 20 80Relative standard deviation:  NMT 2.0% for both the
6.21 85 15telmisartan and hydrochlorothiazide peaks
9.70 85 15Analysis

Samples:  Standard solution A and Sample solution
System suitabilityCalculate the percentages of C33H30N4O2 and C7H8ClN3O4 S2
Samples:  Telmisartan standard solution or Hydrochlorothiazidein the portion of Tablets taken:
standard solution
[NOTE—The relative retention times for hydrochlorothiazideResult = (rU/rS) × (CS/CU) × 100
and telmisartan are 0.33 and 1.0, respectively.]

Suitability requirementsrU = peak response of telmisartan or hydrochlorothia-
Tailing factor:  NMT 2.5 for both hydrochlorothiazide andzide from the Sample solution
telmisartanrS = peak response of telmisartan or hydrochlorothia-

Relative standard deviation:  NMT 2%zide from Standard solution A
Calculate the percentage of telmisartan or hydrochlorothia-CS = concentration of USP Telmisartan RS or the hy-
zide dissolved:drochlorothiazide peak in Standard solution A

(mg/mL)
Result = (rU/rS) × (CS/L) × V × 100CU = nominal concentration of telmisartan or hydro-

chlorothiazide in the Sample solution (mg/mL)
rU = peak response of telmisartan or hydrochlorothia-Acceptance criteria:  95.0%–105.0% of telmisartan and

zide in the Sample solution90.0%–107.5% of hydrochlorothiazide
rS = peak response of telmisartan in the Telmisartan

standard solution or hydrochlorothiazide in thePERFORMANCE TESTS
Hydrochlorothiazide standard solution• DISSOLUTION 〈711〉

CS = concentration of telmisartan in the TelmisartanTelmisartan
standard solution or hydrochlorothiazide in theMedium:  pH 7.5 phosphate buffer (13.61 g/L of potassium
Hydrochlorothiazide standard solution (mg/mL)dihydrogen phosphate in water. Adjust with 2 M sodium hy-

L = Tablet label claim for telmisartan or hydrochlo-droxide to a pH of 7.5); 900 mL
rothiazide (mg)Apparatus 2:  75 rpm

V = volume of Medium, 900 mLTime:  30 min
Tolerances:  NLT 80% (Q) of the labeled amount of telmis-Hydrochlorothiazide
artan and hydrochlorothiazide is dissolved.Medium:  0.1 N hydrochloric acid; 900 mL

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirementsApparatus 1:  100 rpm
Time:  30 min

IMPURITIESAnalysis:  Determine the amounts of telmisartan and hydro-
Organic Impuritieschlorothiazide dissolved by the following method.
• PROCEDURESolution A:  5.0 g/L of ammonium dihydrogen phosphate in

Diluent, Buffer, Solution A, Mobile phase, Standard stockwater. Adjust with phosphoric acid to a pH of 3.0.
solution 1, Standard solution A, Sample solution, andSolution B:  Acetonitrile
Chromatographic system:  Proceed as directed in theStandard stock solution:  Appropriate amounts of USP
Assay.Telmisartan RS and USP Hydrochlorothiazide RS in methanol

Standard solution B:  1.25 µg/mL of USP BenzothiadiazineTelmisartan standard solution:  Dilute the Standard stock so-
Related Compound A RS in Diluent from Standard stock solu-lution with Telmisartan Medium to obtain a solution having a
tion 1. Dilute further with a 1:1 solution of Buffer and Solutionknown concentration of telmisartan similar to that expected in
A to prepare a 0.25 µg/mL solution for a Tablet strength ofthe Sample solution.
80 mg/12.5 mg, and a 0.5 µg/mL solution for TabletHydrochlorothiazide standard solution:  Dilute the Standard
strengths of 40 mg/12.5 mg and 80 mg/25 mg.stock solution with Hydrochlorothiazide Medium to obtain a so-

Standard stock solution 3:  1.6 mg/mL of USP Telmisartanlution having a known concentration of hydrochlorothiazide
RS and 0.5 mg/mL of USP Hydrochlorothiazide RS in Diluentsimilar to that expected in the Sample solution.
for Tablet strengths of 40 mg/12.5 mg and 80 mg/25 mg.Sample solution:  Pass a portion of the solution through a
For the Tablet strength of 80 mg/12.5 mg, the concentra-suitable filter of 0.45-µm pore size, discard the first few mL,
tions are 1.6 mg/mL of USP Telmisartan RS and 0.25 mg/mLand dilute with appropriate Medium, if necessary.
of USP Hydrochlorothiazide RS in Diluent.Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 270 nm for hydrochlorothiazide and 298 nm
for telmisartan

Column:  3.0 mm × 6 cm; 5-µm packing L7
Column temperature:  40°
Flow rate:  0.6 mL/min from 0–5.00 min and 1.0 mL/min
from 5.01–6.20 min. The flow rate goes back to 0.6 mL from
6.21–9.70.

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(3) [May–June 2010] IN-PROCESS REVISION 685

Sensitivity solution:  Dilute 10 mL of Standard stock solution (C6H8ClN3O4S2 285.73)
3 with Diluent to 100 mL. Combine 1.0 mL of this solution USP Hydrochlorothiazide RS
with 2.0 mL of Standard stock solution 1 and dilute with Dilu- USP Telmisartan RS■1S (USP34)

ent to 100 mL. Dilute 1 mL of this solution to 5 mL with a
1:1 solution of Buffer and Solution A.

System suitability
BRIEFINGSamples:  Standard solution A and Sensitivity solution

Suitability requirements
Resolution:  NLT 2.0 between hydrochlorothiazide and
benzothiadiazine related compound A, Standard solution A Terazosin Capsules,  page 872 of PF 35(4) [July–Aug., 2009].

Relative standard deviation:  NMT 2.0% for both the It is proposed to add two Dissolution tests to this monograph.
telmisartan and hydrochlorothiazide peaks, Standard solu- The chromatographic procedure in Dissolution Test 2 was vali-
tion A dated using a µBondapak Phenyl brand of L11 packing.

Signal-to-noise ratio:  NLT 3.0 for the telmisartan, hydro-
chlorothiazide, and benzothiadiazine related compound A
peaks from the Sensitivity solution (BPC: M. Marques.) RTS—C72520; C87003Analysis

Samples:  Standard solution A, Standard solution B, and
Sample solution

Calculate the percentage of benzothiadiazine related com-
pound A in the portion of Tablets taken:

Add the following:
Result = (rU/rS) × (CS/CU) × 100

rU = peak response of benzothiadiazine related com- ■Terazosin Capsules
pound A from the Sample solution

rS = peak response of benzothiadiazine related com- DEFINITION
pound A from Standard solution B Terazosin Capsules contain NLT 90.0% and NMT 110.0% of the

CS = concentration of USP Benzothiadiazine Related labeled amount of C19H25N5O4 · HCl, calculated as the free base.
Compound A RS in Standard solution B
(mg/mL) IDENTIFICATION

CU = concentration of hydrochlorothiazide in the Sam- • A. ULTRAVIOLET ABSORPTION 〈197U〉
ple solution (mg/mL) Diluent:  0.1 N hydrochloric acid

Calculate the percentage of each unspecified degradation im- Standard solution:  0.005 mg/mL of terazosin hydrochloride
purity related to hydrochlorothiazide in the portion of Tab- from USP Terazosin Hydrochloride RS in Diluent. Sonicate for
lets taken: 10 min for complete dissolution. Pass the solution through a

nylon filter of 0.45-µm pore size.
Result = (rU/rS) × (CS/CU) × 100 Sample solution:  Combine the contents from 20 Capsules

and transfer 10 mg into a 100-mL flask, and fill with Diluent
rU = peak response of each unspecified degradation to 50% of the volume of the flask. Sonicate the flask for 10

impurity at 270 nm from the Sample solution min. Allow it to cool to room temperature. Dilute with Diluent
rS = peak response of hydrochlorothiazide from Stan- to volume. Further dilute 5 mL of this solution with Diluent to

dard solution A 100 mL, and mix well. Pass 10 mL of this preparation through
CS = concentration of USP Hydrochlorothiazide RS in a PTFE filter with a 0.45-µm pore size.

Standard solution A (mg/mL) Blank:  Pass the Diluent through a PTFE filter of 0.45-µm pore
CU = concentration of hydrochlorothiazide in the Sam- size.

ple solution (mg/mL)
Calculate the percentage of each unspecified degradation im- ASSAY
purity related to telmisartan in the portion of Tablets taken: • PROCEDURE

[NOTE—Use an all-glass syringe.]
Result = (rU/rS) × (CS/CU) × 100 Hydrochloric acid solution:  Prepare 0.1 N methanolic hydro-

chloric acid by adding 0.85 mL of hydrochloric acid to 1 L of
rU = peak response of each unspecified degradation methanol.

impurity at 298 nm from the Sample solution Diluent:  Hydrochloric acid solution and water (2:3)
rS = peak response of telmisartan from Standard solu- Mobile phase:  Acetonitrile and water (7:3). Pass through a

tion A nylon filter of 0.45-µm pore size. Add 10.00 mL of glacial
CS = concentration of USP Telmisartan RS in Standard acetic acid, and degas. After degassing, pipet 0.20 mL of di-

solution A (mg/mL) ethylamine into the solution, and mix.
CU = concentration of telmisartan in the Sample solu- Standard stock solution:  0.55 mg/mL of terazosin hydro-

tion (mg/mL) chloride from USP Terazosin Hydrochloride RS in Diluent. Soni-
Acceptance criteria cate for 5 min for complete dissolution.

Individual impurities:  NMT 1.0% of benzothiadiazine re- Standard solution:  0.055 mg/mL of terazosin hydrochloride
lated compound A; NMT 0.2% of each individual unspeci- in Diluent. Pass through a PTFE filter of 0.45-µm pore size,
fied degradation impurity related to hydrochlorothiazide or discarding NLT the first 8 mL of filtrate.
telmisartan Sample solution:  Combine the contents of NLT 20 Capsules

Total impurities:  NMT 0.2% of the sum of all degradation and weigh a quantity equivalent to 10 mg of terazosin into a
products related to telmisartan and NMT 1.5% of the sum 200-mL flask. Add 100 mL of Diluent, and sonicate for NLT 10
of all hydrochlorothiazide degradation products min. Shake the flask mechanically for NLT 10 min. Repeat un-

til the sample is well dispersed. Allow the solution to cool, andADDITIONAL REQUIREMENTS
dilute with Diluent to volume. Pass through a PTFE filter of• PACKAGING AND STORAGE:  Preserve in well-closed containers
0.45-µm pore size, discarding the first 8 mL of filtrate.and store at controlled room temperature.

Chromatographic system• USP REFERENCE STANDARDS 〈11〉
(See Chromatography 〈621〉, System Suitability.)USP Benzothiadiazine Related Compound A RS

[4-amino-6-chloro-1,3-benzenedisulfonamide]
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Mode:  LC Mr1 = molecular weight of terazosin, 387.43
Detector:  UV 254 nm Mr2 = molecular weight of terazosin hydrochloride,
Column:  4.6-mm × 15-cm; 5-µm packing L1 459.92
Flow rate:  2.5 mL/min Tolerances:  NLT 80% of the labeled amount of terazosin is
Injection size:  25 µL dissolved.
Run time:  NLT twice the retention time of the terazosin Test 2:  If the product complies with this test, the labeling
peak indicates that the product meets USP Dissolution Test 2.

System suitability Medium:  Water; 900 mL
Sample:  Standard solution Apparatus 2:  50 rpm, with wire helix sinker.
Suitability requirements Time:  30 min

Tailing factor:  NMT 1.8 for the terazosin peak 0.1 M phosphate buffer:  13.6 g/mL of monobasic potas-
Relative standard deviation:  NMT 2.0% sium phosphate and 4 mL/L of triethylamine in water. Adjust

Analysis with phosphoric acid to a pH of 2.5 ± 0.05.
Samples:  Standard solution and Sample solution Mobile phase:  Acetonitrile and 0.1 M phosphate buffer (1:3)
Calculate the percentage of C19H25N5O4, based on the label Standard solution:  (459.92/387.44)(L/900) mg/mL of USP
claim, in the portion of Capsules taken: Terazosin Hydrochloride RS in Medium, where L is the Cap-

sule label claim (terazosin), in mg
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 Sample solution:  Pass a portion of the solution under test

through a suitable filter of 0.45-µm pore size.
rU = peak response of terazosin from the Sample solu- Chromatographic system

tion (See Chromatography 〈621〉, System Suitability.)
rS = peak response of terazosin from the Standard so- Mode:  LC

lution Detector:  UV 246 nm
CS = concentration of terazosin hydrochloride in the Column:  3.9-mm × 30-cm; 10-µm packing L11

Standard solution (mg/mL) Flow rate:  1.0 mL/min
CU = nominal concentration of terazosin in the Sample Injection size:  50 µL

solution (mg/mL) System suitability
Mr1 = molecular weight of terazosin, 387.43 Sample:  Standard solution
Mr2 = molecular weight of terazosin hydrochloride, Suitability requirements

423.90 Relative standard deviation:  NMT 2.0%
Acceptance criteria:  90.0%–110.0%, calculated as the free Analysis
base Samples:  Standard solution and Sample solution

Calculate the percentage of terazosin dissolved:PERFORMANCE TESTS
Result = (rU/rS) × (CS/L) × V × (Mr1/Mr2) × 100

Change to read:
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)• DISSOLUTION 〈711〉
L = Capsule label claim (mg)■Test 1
V = volume of Medium, 900 mLMedium:  Water; 900 mL
Mr1 = molecular weight of terazosin, 387.43Apparatus 2:  50 rpm, with sinkers
Mr2 = molecular weight of terazosin hydrochloride,Time:  60 min

459.92Standard solution:  (459.92/387.44)(L/900) mg/mL of USP
Tolerances:  NLT 80% (Q) of the labeled amount of terazosinTerazosin Hydrochloride RS in Medium, where L is the Cap-
is dissolved.■1S (USP34)sule label claim (terazosin), in mg

Sample solution:  At the designated time, withdraw 20 mL • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
of the solution under test, and centrifuge at NMT 3000 rpm
for 20 min. IMPURITIES

Capsule blank solution:  Dissolve 10 empty Capsule shells in Organic Impurities
900 mL of Medium heated to 37°. Centrifuge a portion of • PROCEDURE
this solution for 20 min. Buffer:  Dissolve 4.1 g of monobasic potassium phosphate

Spectrometric conditions and 1.1 g of heptane sulfonic acid sodium salt monohydrate
(See Spectrophotometry and Light-Scattering 〈851〉. in 950 mL of water. Adjust with phosphoric acid to a pH of
Mode:  UV 3.0 ± 0.10. Dilute with water to 1 L. Pass through a nylon
Analytical wavelength:  UV 245 nm filter of 0.45-µm pore size.
Cell length:  5 cm for Capsules labeled to contain 1 mg; 1 Mobile phase:  Acetonitrile and Buffer (6:19)
cm for Capsules labeled to contain 2 or 5 mg; 0.2 cm for Standard solution:  0.003 mg/mL of terazosin hydrochloride
Capsules labeled to contain 10 mg from USP Terazosin Hydrochloride RS in Mobile phase

Blank:  Medium Sample solution:  Transfer 15 mg of terazosin from the con-
Analysis tents of 20 Capsules into a 50-mL volumetric flask. Dilute

Samples:  Standard solution and Sample solution with Mobile phase to approximately half the volume of the
Calculate the percentage of terazosin dissolved: flask. Sonicate for NLT 10 min, and shake the flask for NLT

20 min. Dilute with Mobile phase to volume, and pass
Result = {[AU − (AB/10)]/AS} × CS/L × V × (Mr1/Mr2) × 100 through a nylon or Teflon filter of 0.45-µm pore size, discard-

ing the first 5 mL of filtrate. The final concentration of the
AU = absorbance of the Sample solution Sample solution is 0.3 mg/mL.
AB = absorbance of the Capsule blank solution Sensitivity solution:   0.15 µg/mL of USP Terazosin Hydro-
AS = absorbance of the Standard solution chloride RS in Mobile phase from the Standard solution.
CS = concentration of the Standard solution (mg/mL) Chromatographic system
L = Capsule label claim (mg) (See Chromatography 〈621〉, System Suitability.)
V = volume of Medium, 900 mL
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Mode:  LC Add the following:
Detector:  UV 246 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min ■Terazosin Tablets
Injection size:  10 µL
Run time:  NLT 1.2 times the retention time of terazosin DEFINITION
for the Standard solution and Sensitivity solution; NLT 4.5 Terazosin Tablets contain NLT 90.0% and NMT 110.0% of the
times the retention time of terazosin in the Sample solution labeled amount of (C19H25N5O4 · HCl), calculated as the free

System suitability base.
Samples:  Standard solution and Sensitivity solution
Capacity factor, k’:  NLT 1.0 for the terazosin peak IDENTIFICATION
Tailing factor:  NMT 2.0 for the terazosin peak, Standard • A. ULTRAVIOLET ABSORPTION 〈197U〉
solution Diluent:  0.1 N hydrochloric acid

Relative standard deviation:  NLT 2.0%, Standard solution Standard solution:  0.005 mg/mL of USP Terazosin Hydro-
Signal-to-noise ratio:  NLT 10 for the terazosin peak, Sen- chloride RS in Diluent. Sonicate for 10 min for complete disso-
sitivity solution lution. Pass the solution through a nylon filter of 0.45-µm

Analysis pore size, discarding the first 5 mL of filtrate.
Samples:  Standard solution and Sample solution Sample solution:  Transfer 10 mg from the pool of ground
Calculate the percentage of each impurity in the portion of Tablets (NLT 20) into a 100-mL flask. Dilute with Diluent to
Capsules taken: 50% of the volume of the flask. Sonicate the flask for 10 min.

Allow it to cool to room temperature, and dilute with Diluent
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100 to volume. Further dilute 5 mL of this solution with Diluent to

100 mL, and mix well. Pass 20 mL of this preparation through
rU = peak response of each individual impurity from a PTFE filter of 0.45-µm pore size, discarding the first 5 mL of

the Sample solution filtrate.
rS = peak response of terazosin from the Standard • B.  The retention time of the major peak of the Sample solu-

solution tion corresponds to that of the Standard solution, as obtained
CS = concentration of terazosin hydrochloride in the in the Assay.

Standard solution (mg/mL)
CU = nominal concentration of terazosin in the Sam- ASSAY

ple solution (mg/mL) • PROCEDURE
F = relative response factor (see Impurity Table 1) [NOTE—Use an all-glass syringe.]
Mr1 = molecular weight of terazosin, 387.43 Hydrochloric acid solution:  Prepare 0.01 N methanolic hy-
Mr2 = molecular weight of terazosin hydrochloride, drochloric acid by adding 0.85 mL of hydrochloric acid to 1 L

423.90 of methanol.
Diluent:  Hydrochloric acid solution and water (2:3)Acceptance criteria:  See the limits in Impurity Table 1.
Mobile phase:  Acetonitrile and water (7:3). Add 10.00 mL/L
of glacial acetic acid, and degas. Pass through a nylon filter ofImpurity Table 1
0.45-µm pore size. Pipet 0.20 mL of diethylamine into the
solution, and mix.Relative Relative Acceptance

Standard stock solution:  0.55 mg/mL of terazosin hydro-Name Retention Response Criteria,
chloride from USP Terazosin Hydrochloride RS in Diluent. Soni-Time Factor NMT (%)
cate for 5 min for complete dissolution.Piperazinyl-ADMQa 0.52 1.1 0.4

Standard solution:  0.055 mg/mL of terazosin hydrochlorideChloro ADMQb 1.37 1.2 0.4
from the Standard stock solution in Diluent. Pass through a

Bis-ADMQ-piperazinec 3.85 1.0 0.4 PTFE filter of 0.45-µm pore size, discarding the first few mL of
Any other individual, filtrate.— — 0.2
unspecified impurity Naproxen standard solution:  0.5 mg/mL of USP Naproxen

Total impurities — — 1.2 RS. Dissolve by sonication USP Naproxen RS in 25% of the
volume of the flask of acetonitrile, and dilute with water toa N-(4-Amino-6,7 dimethoxy-2-quinazolinyl)piperazine.
volume.b 2-Chloro-4-amino-6,7 dimethoxy-2-quinazoline.

System suitability solution:  0.05 mg/mL of naproxen andc N,N-Bis-(4-amino-6,7 dimethoxy-2-quinazolinyl)piperazine. 
0.055 mg/mL of terazosin hydrochloride in Diluent from the

ADDITIONAL REQUIREMENTS Naproxen standard solution and Standard solution, respectively.
• PACKAGING AND STORAGE:  Preserve in well-closed containers Pass through a PTFE filter of 0.45-µm pore size, discarding the

protected from moisture and light. Store at controlled room first few mL of filtrate.
temperature. Sample solution:  0.05 mg/mL of terazosin in Diluent. Com-

• LABELING  When more than one Dissolution test is given, the bine the contents of NLT 20 Tablets, and weigh a quantity
labeling states the Dissolution test used only if Test 1 is not equivalent to 10 mg of terazosin into a 200-mL flask. Add 100
used. mL of Diluent, and sonicate for NLT 10 min. Shake the flask

• USP REFERENCE STANDARDS 〈11〉 mechanically for NLT 10 min. Repeat until the sample is well
USP Terazosin Hydrochloride RS■2S (USP33) dispersed. Allow the solution to cool, and dilute with Diluent

to volume. Pass through a PTFE filter of 0.45-µm pore soze,
discarding the first few mL of filtrate.

Chromatographic system
BRIEFING (See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1 Terazosin Tablets,  page 874 of PF 35(4) [July–Aug. 2009]. It
Flow rate:  2.5 mL/minis proposed to add a Dissolution test to this monograph.
Injection size:  25 µL
Run time:  NLT twice the retention time of the terazosin
peak(BPC: M. Marques.) RTS—C74655
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System suitability Mobile phase:  Acetonitrile and Buffer (6:19)
Samples:  Standard solution and System suitability solution Standard solution:  0.003 mg/mL of terazosin hydrochloride
Suitability requirements from USP Terazosin Hydrochloride RS in Mobile phase

Resolution:  NLT 2.0 between naproxen and terazosin, Sys- Sample solution:  Transfer 15 mg of the powder from the
tem suitability solution crushed Tablets (NLT 20) into a 50-mL volumetric flask. Di-

Tailing factor:  NMT 1.8 for the terazosin peak, System lute with Mobile phase to approximately half the volume of
suitability solution the flask. Sonicate for NLT 10 min, and shake the flask for

Relative standard deviation:  NMT 2.0, Standard solution NLT 20 min. Dilute with Mobile phase to volume, and pass
Analysis through a nylon or Teflon filter of 0.45-µm pore size, discard-
Samples:  Standard solution and Sample solution ing the first 5 mL of filtrate. The final concentration of the
Calculate the percentage of C19H25N5O4, based on the label Sample solution is 0.3 mg/mL.
claim, in the portion of Tablets taken: Sensitivity solution:  0.15 µg/mL of USP Terazosin Hydro-

chloride RS in Mobile phase from the Standard solution
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
rU = peak response of terazosin from the Sample solu- Mode:  LC

tion Detector:  UV 246 nm
rS = peak response of terazosin from the Standard so- Column:  4.6-mm × 25-cm; 5-µm packing L1

lution Column temperature:  Ambient
CS = concentration of terazosin hydrochloride in the Flow rate:  1 mL/min

Standard solution (mg/mL) Injection size:  10 µL
CU = nominal concentration of terazosin in the Sample Run time:  NLT 1.2 times the retention time of terazosin in

solution (mg/mL) the Standard solution; NLT 4.5 times the retention time of
Mr1 = molecular weight of terazosin, 387.43 terazosin in the Sample solution
Mr2 = molecular weight of terazosin hydrochloride, System suitability

423.90 Samples:  Standard solution and Sensitivity solution
Acceptance criteria:  90.0%–110.0%, calculated as the free Capacity factor, k’:  NLT 1.0 for the terazosin peak, Stan-
base dard solution

Tailing factor:  NMT 2.0 for the terazosin peak, StandardPERFORMANCE TESTS solution
Relative standard deviation:  NLT 2.0%, Standard solution
Signal-to-noise ratio:  NLT 10 for the terazosin peak, Sen-Change to read:
sitivity solution

Analysis
• DISSOLUTION 〈711〉 Samples:  Standard solution and Sample solution

■Medium:  Water; 900 mL Calculate the percentage of each impurity in the portion of
Apparatus 2:  50 rpm Tablets taken:
Time:  30 min
Standard solution:  6 µg/mL of USP Terazosin Hydrochloride Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
RS in Medium.

rU = peak response of each individual impurity fromSample solution:  Pass a portion of the solution through a
the Sample solutionsuitable filter of 0.45-µm pore size. Dilute with Medium to a

rS = peak response of terazosin from the Standardconcentration similar to that of the Standard solution, assum-
solutioning complete dissolution of the label claim.

CS = concentration of terazosin hydrochloride in theSpectrometric conditions
Standard solution (mg/mL)(See Spectrophotometry and Light-Scattering 〈851〉.)

CU = nominal concentration of terazosin in the Sam-Mode:  UV
ple solution (mg/mL)Analytical wavelength:  UV 245 nm

F = relative response factor (see Impurity Table 1)Cell length:  1 cm
Mr1 = molecular weight of terazosin, 387.43Blank:  Medium
Mr2 = molecular weight of terazosin hydrochloride,Analysis

423.90Samples:  Standard solution and Sample solution
Acceptance criteria:  See the limits in Impurity Table 1.Calculate the percentage of C19H25N5O4 dissolved:

Result = (AU/AS) × (CS/L) × (Mr1/Mr2) × V × 100 Impurity Table 1

AU = absorbance of the Sample solution Relative Relative Acceptance
AS = absorbance of the Standard solution Name Retention Response Criteria,
CS = concentration of the Standard solution Time Factor NMT (%)
L = Tablet label claim (mg) Piperazinyl-ADMQa 0.52 1.1 0.4
Mr1 = molecular weight of terazosin, 387.43 Chloro ADMQb 1.37 1.2 0.4Mr2 = molecular weight of terazosin hydrochloride

Bis-ADMQ-piperazinec 3.85 1.0 0.4dihydrate, 459.92
Any other individual,V = volume of Medium (mL), 900 — — 0.2
unspecified impurityTolerances:   NLT 75% (Q) of the labeled amount of

Total impurities — — 1.2C19H25N5O4 is dissolved.■1S (USP34)

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements a N-(4-Amino-6,7 dimethoxy-2-quinazolinyl)piperazine.
b 2-Chloro-4-amino-6,7 dimethoxy-2-quinazoline. 

IMPURITIES c N,N-Bis-(4-amino-6,7 dimethoxy-2-quinazolinyl)piperazine. 
Organic Impurities
• PROCEDURE

Buffer:  Dissolve 4.1 g of monobasic potassium phosphate ADDITIONAL REQUIREMENTS
and 1.1 g of heptane sulfonic acid sodium salt monohydrate • PACKAGING AND STORAGE:  Preserve in well-closed containers
in 950 mL of water. Adjust with phosphoric acid to a pH of protected from moisture and light. Store at controlled room
3.0 ± 0.10. Dilute with water to 1 L. Pass through a nylon temperature.
filter of 0.45-µm pore size.
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• USP REFERENCE STANDARDS 〈11〉 rU = peak response from the Sample solution
USP Naproxen RS rS = peak response from the Standard solution
USP Terazosin Hydrochloride RS■2S (USP33) CS = concentration of valacyclovir hydrochloride in

the Standard solution (mg/mL)
CU = nominal concentration of valacyclovir in the

Sample solution (mg/mL)
BRIEFING Mr1 = molecular weight of valacyclovir, 324.34

Mr2 = molecular weight of valacyclovir hydrochloride,
360.80

Acceptance criteria:  90.0%–110.0%Valacyclovir Tablets,  page 878 of PF 35(4) [July–Aug. 2009].
On the basis of comments received, it is proposed to make

PERFORMANCE TESTSsome corrections in the Dissolution test.
• DISSOLUTION 〈711〉

Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 2:  50 rpm

(BPC:  M. Marques.) RTS—C86543 Time:  45 min
Diluent:  Prepare as directed in the Assay.
Buffer:   Dissolve about 1.15 g of dibasic ammonium phos-
phate in 950 mL of water, add 2 mL of triethylamine, and
adjust with phosphoric acid to a pH of 2.5 ± 0.05. Add 10 mL
of acetonitrile, and dilute with water to 1000 mL.Add the following:

Mobile phase:  Acetonitrile and DiluentBuffer (5:95)
Standard solution:  Prepare a solution in DiluentMedium con-
taining USP Valacyclovir Hydrochloride RS equivalent to■Valacyclovir Tablets
0.0440.011 mg/mL of valacyclovir free base.

Sample solution:  Pass a portion of the solution under testDEFINITION
through a suitable 0.45-µm filter. Dilute with DiluentMedium Valacyclovir Tablets contain an amount of Valacyclovir Hydrochlo-
to obtain a final concentration of about 0.0440.011 mg/mL ofride equivalent to NLT 90.0% and NMT 110.0% of the labeled
valacyclovir free base considering complete dissolution of theamount of valacyclovir (Cl3H20N6O4). Tablet label claim.

Chromatographic systemIDENTIFICATION
(See Chromatography 〈621〉, System Suitability.)• A.  The retention time of the major peak of the Sample solu-
Mode:  LCtion corresponds to that iof the Standard solution, as obtained
Detector:  UV 254252 nmin the Assay.
Column:  4.6-mm × 525-cm, 5-µm packing L1• B. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  Meets the

Column temperature:  30°requirements
Flow rate:  2.0 mL/min

ASSAY Injection size:  1020 µL
• PROCEDURE System suitability

Diluent:  0.1% (v/v) phosphoric acid in water Sample:  Standard solution
Mobile phase:  Methanol and Diluent (5:95) Suitability requirements
Standard solution:  0.1 mg/mL of USP Valacyclovir Hydro- Tailing factor:  NMT 2.01.5
chloride RS in Diluent. [NOTE—USP Valacyclovir Hydrochloride Column efficiency:   NLT 3000
RS contains a detectable quantity of D-valacyclovir.] Relative standard deviation:  NMT 2.0%1.0%

Sample solution:  Transfer NLT 5 Tablets into a suitable volu- Analysis
metric flask, and add 0.1 M hydrochloric acid (approximately Samples:  Standard solution and Sample solution
80% of the volume of volumetric flask). Mechanically shake Calculate the percentage of valacyclovir dissolved:
the sample until the Tablets disintegrate into a fine suspension

Result = (rU/rS) × (CS) × (Mr1/Mr2) × (1/L) × 100 × 900(60 min), and sonicate for 10 min. Cool to ambient tempera-
ture, dilute with 0.1 M hydrochloric acid to volume, and mix
to obtain a solution having a concentration of 2.5 mg/mL.

Result = (rU/rS) × (CS) × D × (Mr1/Mr2) × (1/L) × 100 × 900Dilute a portion of the sample with Diluent to obtain a nomi-
nal concentration of 0.1 mg/mL of valacyclovir, and mix. Pass

rU = peak response from the Sample solutiona portion of this solution through a 0.45-µm or finer porosity
rS = peak response from the Standard solutionmembrane filter, and use the filtrate.
CS = concentration of valacyclovir in the Standard so-Chromatographic system

lution (mg/mL)(See Chromatography 〈621〉, System Suitability.)
D = dilution factor of the Sample solutionMode:  LC
Mr1 = molecular weight of valacyclovir, 324.34Detector:  UV 254 nm
Mr2 = molecular weight of valacyclovir hydrochloride,Column:  4-mm × 15-cm; 5-µm, packing L66

360.80Column temperature:  10°
L = label claim (mg/Tablet)Flow rate:  0.75 mL/min

Tolerances:  NLT 75% (Q) of the labeled amount of vala-Injection size:  10 µL
cyclovir is disoolved in 45 minSystem suitability

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirementsSample:  Standard solution
[NOTE—All of the concentrations are expressed as valacyclovir freeSuitability requirements

base. ]Resolution  NLT 1.3 between the D-valacyclovir and vala-
Diluent:  Prepare as directed in the Assay.cyclovir peaks
Mobile phase:  Acetonitrile and Diluent (5:95)Tailing factor:  NMT 2.0 for the valacyclovir peak
Standard solution:  Prepare a solution of USP Valacyclovir Hy-Relative standard deviation:  NMT 2.0%
drochloride RS, equivalent to 0.04 mg/mL of valacyclovir inAnalysis
Diluent.Samples:  Standard solution and Sample solution

Sample solution:  Transfer one Tablet into a suitable volumet-Calculate the percentage of C13H20N6O4, based on the label
ric flask. Add Diluent (approximately 60% of the volume of theclaim, in the portion of Tablets taken:
flask), and mechanically shake the samples until the Tablets
disintegrate into a fine suspension, and sonicate for 10 min.Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
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Cool, dilute with Diluent to volume, and mix. Dilute a portion CU = nominal concentration of valacyclovir in the
of each sample with Diluent to obtain a nominal concentration Sample solution (mg/mL)
of 0.04 mg/mL of valacyclovir. Pass a portion of each sample CS = concentration of valacyclovir hydrochloride in
through a 0.45-µm membrane filter, and use the filtrate. the Standard solution (mg/mL)

Chromatographic system and System suitability:  Proceed as Mr1 = molecular weight of valacyclovir, 324.34
directed under Dissolution. Mr2 = molecular weight of valacyclovir hydrochloride,

Analysis 360.80
Samples:  Standard solution and Sample solution F = relative response factor as given in Impurity Table
Calculate the percentage of C13H20N6O4, based on the label 1
claim, in the portion of Tablets taken: Acceptance criteria

Individual impurities:  See Impurity Table 1.
Result = (rU/rS) × (CS/CU) × 100

Impurity Table 1rU = peak response from the Sample solution
rS = peak response from the Standard solution Relative Relative Acceptance
CS = concentration of valacyclovir in the Standard so-  Retention  Response  Criteria,

lution (mg/mL) Name  Time  Factor  NMT (%)
CU = nominal concentration of valacyclovir in the D-Valacyclovira 0.82 1.0 3.2

Sample solution (mg/mL)
Acyclovirb 0.56 1.4 2.5
aD-Valine, 2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl)methoxy] ethyl ester,IMPURITIES
monohydrochloride.Organic Impurities

b2-Amino-9-[(2-hydroxyethoxy)methyl]-1,9-dihydro-6H-purin-6-one (acyclovir).• PROCEDURE
Diluent, Mobile phase, Standard solution, Sample solution, ADDITIONAL REQUIREMENTSand Chromatographic system:  Proceed as directed in the • PACKAGING AND STORAGE:  Preserve in tight containers. Store atAssay. controlled room temperature.Analysis • USP REFERENCE STANDARDS 〈11〉Samples:  Standard solution and Sample solution USP Valacyclovir Hydrochloride RS■1S (USP34)Calculate the percentage of D-valacyclovir and the percent-

age of acyclovir in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100

rU = peak responses of D-valacyclovir or acyclovir
from the Sample solution

rS = peak response of valacyclovir from the Standard
solution
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• B.  The Sample solution from the test for Content of TriterpeneDIETARY SUPPLEMENTS— Glycosides shows a main peak at the retention time corre-
sponding to that of bacoside A3 in the chromatogram of Stan-MONOGRAPHS dard solution A. Identify other triterpene glycoside peaks in the
Sample solution by comparison with the chromatogram of
Standard solution B and the reference chromatogram provided
with the lot of USP Powdered Bacopa Extract RS. The Sample
solution shows additional peaks corresponding to bacopaside I,
bacopaside II, the jujubogenin isomer of bacopasaponin C,

BRIEFING and bacopasaponin C.

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDESBacopa; Powdered Bacopa; Powdered Bacopa Extract.

Solution A:  Dissolve 0.14 g of anhydrous potassiumNew USP dietary supplement monographs are proposed. The
dihydrogen phosphate in 900 mL of water, add 0.5 mL ofliquid chromatographic procedure in the test for Content of
phosphoric acid, dilute with water to 1000 mL, mix, filter, andTriterpene Glycosides is based on analyses performed with the
degas.Pinnacle DB C18 brand of L1 column, with 1.5-µm packing. The

Solution B:  Use filtered and degassed acetonitrile.typical retention times observed are about 9.5, 12.8, 13.4, 14.8,
Standard solution A:  Sonicate a weighed quantity of USPand 15.6 min for bacopaside I, bacoside A3, bacopaside II, the
Bacoside A3 RS in methanol to obtain a solution with a con-jujubogenin isomer of bacopasaponin C, and bacopasaponin C,
centration of about 0.5 mg/mL.respectively.

Standard solution B:  Transfer about 10 mg of USP Powdered
Bacopa Extract RS to a 10-mL volumetric flask, and add about
8 mL of methanol. Sonicate and heat gently for 15–20 min,(DSB: M. Sharaf.) RTS—C66611 dilute with methanol to volume, and mix. Before injection,
pass through a membrane filter of 0.45-µm or finer pore size,
discarding the first 5 mL of the filtrate.

Sample solution:  Transfer about 2.5 g of Bacopa, finely pow-
dered, to a 100-mL round-bottom flask fitted with a reflux

Add the following: condenser. Add 25 mL of methanol, reflux on a water bath
for 10 min, cool to room temperature, and decant the super-
natant. Repeat until the last extract is colorless. Combine the

■Bacopa extracts, filter, concentrate under vacuum, and adjust the vol-
ume to 100 mL using methanol. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, dis-DEFINITION
carding the first 5 mL of the filtrate.Bacopa consists of the dried stems and leaves of Bacopa monnieri

Mobile phase:  See the gradient table below.(L.) Pennell (Fam. Scrophulariaceae). It contains NLT 2.5% of
triterpene glycosides, calculated on the dried basis as the sum
of bacopaside I, bacoside A3, bacopaside II, the jujubogenin Time Solution A Solution B
isomer of bacopasaponin C, and bacopasaponin C.  (min)  (%) (%)

0 70 30IDENTIFICATION
25 60 40• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

Standard solution:  Transfer about 10 mg of USP Powdered 26 70 30
Bacopa Extract RS to a 10-mL volumetric flask, and add about 30 70 30
8 mL of methanol. Sonicate and heat gently for 15–20 min,
dilute with methanol to volume, mix, centrifuge, and use the Chromatographic system
supernatant.  (See Chromatography 〈621〉, System Suitability.)

Sample solution:  Use the Sample solution, prepared as di- Mode:  LC
rected in the test for Content of Triterpene Glycosides. Detector:  UV, 205 nm

Adsorbent:  Chromatographic silica gel mixture with an aver- Column:  4.6-mm × 25-cm; 1.5-µm, endcapped, base-deacti-
age particle size of 10–15 µm (TLC plates) vated packing L1

Application volume:  15 µL, as 5–10 mm bands Column temperature:  27 ± 1°
Developing solvent system:  Ethyl acetate, methanol, and Flow rate:  1.5 mL/min
water (7:2:1) Injection size:  20 µL

Spray reagent:  1% vanillin in alcohol and 10% sulfuric acid System suitability
in alcohol (1:1) Samples:  Standard solution A and Standard solution B

Analysis Suitability requirements
Samples:  Standard solution and Sample solution The chromatogram from Standard solution B is similar to the
Apply the samples as bands to a suitable thin-layer chromat- reference chromatogram provided with the lot of USP Pow-
ographic plate (see Chromatography 〈621〉). Use a saturated dered Bacopa Extract RS being used.
chamber. Develop the chromatograms until the solvent Resolution:  NLT 1.0 between the bacopaside II and baco-
front has moved up about 90% of the plate. Remove the side A3 peaks, Standard solution B
plate from the chamber, dry, spray with Spray reagent, heat Tailing factor:  NMT 1.5 for the bacoside A3 peak, Stan-
for 5–10 min at about 70°, and examine under visible light. dard solution A

Acceptance criteria:  The Sample solution exhibits a main dark Relative standard deviation:  NMT 2% determined from
blue zone due to a mixture of bacoside A3, bacopaside II, the the bacoside A3 peak for replicate injections, Standard solu-
jujubogenin isomer of bacopasaponin C, and bacopasaponin tion A
C at an RF value of approximately 0.6 and a faint pink spot Analysis
due to bacopaside I at an RF value of approximately 0.4, both Samples:  Standard solution A, Standard solution B, and Sam-
of which correspond in position and color to zones in the ple solution
chromatogram of the Standard solution. Other zones are ob- Using the chromatograms of Standard solution A and Stan-
served for the Sample solution and Standard solution. dard solution B and the reference chromatogram provided

with the lot of USP Powdered Bacopa Extract RS, identify
the retention times of the peaks corresponding to different
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triterpene glycosides. The approximate relative retention • LOSS ON DRYING 〈731〉:  Dry 1.0 g of finely powdered Bacopa
times of the different triterpene glycosides are provided in at 105° for 3 h: it loses NMT 12.0% of its weight.
the following table: • ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 18%,

determined on 1.0 g of finely powdered Bacopa
• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,

Relative Method 2 〈561〉:  NLT 6.0%
Analyte Retention • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-

Time PLEMENTS 〈2021〉:  The total aerobic bacterial count does not
Bacopaside I 0.73 exceed 105 cfu/g, the total combined molds and yeasts count
Bacoside A3 1.00 does not exceed 103 cfu/g, and the bile-tolerant Gram-nega-

tive bacteria does not exceed 103 cfu/g.Bacopaside II 1.04
• ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE-The jujubogenin isomer of bacopasaponin C 1.15

TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of theBacopasaponin C 1.22
tests for absence of Salmonella species and Escherichia coli.

Separately calculate the percentages of bacopaside I, baco- ADDITIONAL REQUIREMENTSside A3, bacopaside II, the jujubogenin isomer of • PACKAGING AND STORAGE:  Preserve in well-closed containers,bacopasaponin C, and bacopasaponin C in the portion of protected from light and moisture, and store at roomBacopa taken: temperature.
• LABELING:  The label states the Latin binomial and, followingResult = (rU/rS) × (CS/CU) × F × 100

the official name, the parts of the plant contained in the
article.rU = peak response for each triterpene glycoside from

• USP REFERENCE STANDARDS 〈11〉the Sample solution
USP Bacoside A3 RSrS = peak response for bacoside A3 from Standard so-
USP Powdered Bacopa Extract RS■1S (USP34)lution A

CS = concentration of USP Bacoside A3 RS in Standard
solution A (mg/mL)

CU = concentration of Bacopa in the Sample solution
BRIEFING(mg/mL)

F = conversion factor for each analyte (1.00 for
bacoside A3, 1.03 for bacopaside I, 0.81 for

Powdered Bacopa.  See briefing under Bacopa.bacopaside II, 0.99 for the jujubogenin isomer
of bacopasaponin C, and 0.75 for
bacopasaponin C)

Acceptance criteria:  Add the percentages of bacopaside I, (DSB: M. Sharaf.) RTS—C66612
bacoside A3, bacopaside II, the jujubogenin isomer of
bacopasaponin C, and bacopasaponin C: NLT 2.5% is found,
calculated on the dried basis.

IMPURITIES
Inorganic Impurities Add the following:
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT

6.0%
■Powdered Bacopa• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm

Organic Impurities
• PROCEDURE 1: ARTICLES OF BOTANICAL ORIGIN, Foreign Organic DEFINITION

Matters 〈561〉:  NMT 2.0% Powdered Bacopa is Bacopa reduced to a powder or very fine
• PROCEDURE 2: ARTICLES OF BOTANICAL ORIGIN, General Method for powder. It contains NLT 2.5% of triterpene glycosides, calcu-

Pesticide Residues Analysis  〈561〉:  Meets the requirements lated on the dried basis as the sum of bacopaside I, bacoside
A3, bacopaside II, the jujubogenin isomer of bacopasaponin C,

SPECIFIC TESTS and bacopasaponin C.
• BOTANIC CHARACTERISTICS

Macroscopic:  Stem is creeping, succulent, glabrous, soft, ob- IDENTIFICATION
tuse-angular; with long internodes, rooting at nodes; devoid • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
of leaves toward the base; branches ascending. Leaves are Standard solution:  Transfer about 10 mg of USP Powdered
simple, sessile or short petiolate, opposite, succulent, 1–2 mm Bacopa Extract RS to a 10-mL volumetric flask, and add about
thick; oblong-obovate or spatulate, margin entire or rarely 8 mL of methanol. Sonicate and heat gently for 15–20 min,
dentate, apex rounded, midrib indistinct, 0.6–2.5 cm long, dilute with methanol to volume, mix, centrifuge, and use the
3–8 mm wide; the upper surface is green, the lower surface is supernatant.
green and dotted. Pharmacopeial article is yellowish in color; Sample solution:  Use the Sample solution, prepared as di-
consists of dry mixtures of broken leaves and stems, with ma- rected in the test for Content of Triterpene Glycosides.
jority of leaves detached; mild and hay-like odor, and very Adsorbent:  Chromatographic silica gel mixture with an aver-
bitter taste. age particle size of 10–15 µm (TLC plates)

Histology Application volume:  15 µL, as 5–10 mm bands
Transverse section of stems:  Epidermal layer; a wide cortex Developing solvent system:  Ethyl acetate, methanol, and
composed of thin-wall parenchyma cells and large intercellu- water (7:2:1)
lar spaces; xylem vessels radially arranged, uniseriate medul- Spray reagent:  1% vanillin in alcohol and 10% sulfuric acid
lary rays; pith composed of thin-wall, round or isodiametric in alcohol (1:1)
cells with distinct intercellular spaces. Resin canals and peri- Analysis
cyclic sclereids are absent. Samples:  Standard solution and Sample solution

Transverse section of leaves:  Shows a more or less isobi- Apply the samples as bands to a suitable thin-layer chromat-
lateral structure; epidermis with glandular hair and stomata; ographic plate (see Chromatography 〈621〉). Use a saturated
upper surface has more hairs and less stomata than the lower chamber. Develop the chromatograms until the solvent
surface; mesophyll composed of spongy tissue, a few prisms front has moved up about 90% of the plate. Remove the
of calcium oxalate, and vascular bundles are present.
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plate from the chamber, dry, spray with Spray reagent, heat Relative standard deviation:  NMT 2% determined from
for 5–10 min at about 70°, and examine under visible light. the bacoside A3 peak for replicate injections, Standard solu-

Acceptance criteria:  The Sample solution exhibits a main dark tion A
blue zone due to mixture of bacoside A3, bacopaside II, the Analysis
jujubogenin isomer of bacopasaponin C, and bacopasaponin Samples:  Standard solution A, Standard solution B, and Sam-
C at an RF value of approximately 0.6 and a faint pink spot ple solution
due to bacopaside I at an RF value of approximately 0.4, both Using the chromatograms of Standard solution A and Stan-
of which correspond in position and color to zones in the dard solution B and the reference chromatogram provided
chromatogram of the Standard solution. Other zones are ob- with the lot of USP Powdered Bacopa Extract RS, identify
served for the Sample solution and Standard solution. the retention times of the peaks corresponding to different

• B.  The Sample solution from the test for Content of Triterpene triterpene glycosides. The approximate relative retention
Glycosides shows a main peak at a retention time correspond- times of the different triterpene glycosides are provided in
ing to that of bacoside A3 in the chromatogram of Standard the following table:
solution A. Identify other triterpene glycoside peaks in the Sam-
ple solution by comparison with the chromatogram of Standard

Relativesolution B and the reference chromatogram provided with the
Analyte Retentionlot of USP Powdered Bacopa Extract RS. The Sample solution

Timeshows additional peaks corresponding to bacopaside I,
Bacopaside I 0.73bacopaside II, the jujubogenin isomer of bacopasaponin C,
Bacoside A3 1.00and bacopasaponin C.
Bacopaside II 1.04

COMPOSITION The jujubogenin isomer of bacopasaponin C 1.15• CONTENT OF TRITERPENE GLYCOSIDES
Bacopasaponin C 1.22Solution A:  Dissolve 0.14 g of anhydrous potassium

dihydrogen phosphate in 900 mL of water, add 0.5 mL of Separately calculate the percentages of bacopaside I, baco-phosphoric acid, dilute with water to 1000 mL, mix, filter, and side A3, bacopaside II, the jujubogenin isomer ofdegas. bacopasaponin C, and bacopasaponin C in the portion ofSolution B:  Use filtered and degassed acetonitrile. Powdered Bacopa taken:Standard solution A:  Sonicate an accurately weighed quan-
tity of USP Bacoside A3 RS in methanol to obtain a solution Result = (rU/rS) × (CS/CU) × F × 100
having a known concentration of about 0.5 mg/mL.

Standard solution B:  Transfer about 10 mg of USP Powdered rU = peak response for each triterpene glycoside from
Bacopa Extract RS to a 10-mL volumetric flask, and add about the Sample solution
8 mL of methanol. Sonicate and heat gently for 15–20 min, rS = peak response for bacoside A3 from Standard so-
dilute with methanol to volume, and mix. Before injection, lution A
pass through a membrane filter of 0.45-µm or finer pore size, CS = concentration of USP Bacoside A3 RS in Standard
discarding the first 5 mL of the filtrate. solution A (mg/mL)

Sample solution:  Transfer about 2.5 g of Powdered Bacopa, Cu = concentration of Powdered Bacopa in the Sample
accurately weighed, to a 100-mL round-bottom flask fitted solution (mg/mL)
with a reflux condenser. Add 25 mL of methanol, reflux on a F = conversion factor for each analyte (1.00 for
water bath for 10 min, cool to room temperature, and decant bacoside A3, 1.03 for bacopaside I, 0.81 for
the supernatant. Repeat until the last extract is colorless. Com- bacopaside II, 0.99 for the jujubogenin isomer
bine the extracts, filter, concentrate under vacuum, and adjust of bacopasaponin C, and 0.75 for
the volume to 100 mL using methanol. Before injection, pass bacopasaponin C)
through a membrane filter of 0.45-µm or finer pore size, dis- Acceptance criteria:  Add the percentages of bacopaside I,
carding the first 5 mL of the filtrate. bacoside A3, bacopaside II, the jujubogenin isomer of

Mobile phase:  See the gradient table below. bacopasaponin C, and bacopasaponin C: NLT 2.5% on the
dried basis.

Time Solution A Solution B IMPURITIES
 (min)  (%) (%) Inorganic Impurities

0 70 30 • ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT
25 60 40 6.0%.

• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm26 70 30
Organic Impurities30 70 30
• PROCEDURE: ARTICLES OF BOTANICAL ORIGIN, General Method for

Pesticide Residues Analysis 〈561〉:  Meets the requirementsChromatographic system
 (See Chromatography 〈621〉, System Suitability.)

SPECIFIC TESTSMode:  LC
• BOTANIC CHARACTERISTICS:  Yellowish in color; mild and hay-likeDetector:  UV, 205 nm

odor, and very bitter taste. Under a microscope, factions ofColumn:  4.6-mm × 25-cm; 1.5-µm, endcapped, base-deacti-
epidermal cells of the leaves with striated cuticle, more or lessvated packing L1
wavy walls, showing anomocytic stomata and glandularColumn temperature:   27 ± 1°
trichomes, upper surface has more trichomes and less stomataFlow rate:  1.5 mL/min
than the lower surface; some of the glandular trichomes haveInjection size:  20 µL
heads with 4–8 cells; parenchyma with large intercellularSystem suitability
spaces, some showing prisms of calcium oxalate; spiral andSamples:  Standard solution A and Standard solution B
annular vessels.Suitability requirements

• LOSS ON DRYING 〈731〉:  Dry 1.0 g of Powdered Bacopa at 105°The chromatogram from Standard solution B is similar to the
for 3 h: it loses NMT 12.0% of its weight.reference chromatogram provided with the lot of USP Pow-

• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 18%,dered Bacopa Extract RS being used.
determined on 1.0 g of Powdered BacopaResolution:  NLT 1.0 between the bacopaside II and baco-

• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,side A3 peaks, Standard solution B
Method 2 〈561〉:  NLT 6.0%.Tailing factor:  NMT 1.5 for the bacoside A3 peak, Stan-

• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-dard solution A
PLEMENTS 〈2021〉:  The total aerobic bacterial count does not
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exceed 105 cfu/g, the total combined molds and yeasts count jujubogenin isomer of bacopasaponin C, and bacopasaponin
does not exceed 103 cfu/g, and the bile-tolerant Gram-nega- C at an RF value of approximately 0.6 and a faint pink spot
tive bacteria does not exceed 103 cfu/g. due to bacopaside I at an RF value of approximately 0.4, both

• ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE- of which correspond in position and color to zones in the
TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the chromatogram of the Standard solution. Other zones are ob-
tests for absence of Salmonella species and Escherichia coli. served for the Sample solution and Standard solution.

• B.  The Sample solution from the test for Content of Triterpene
ADDITIONAL REQUIREMENTS Glycosides shows a main peak at retention time corresponding
• PACKAGING AND STORAGE:  Preserve in well-closed containers, to that of bacoside A3 in the chromatogram of Standard solu-

protected from light and moisture, and store at room tion A. Identify other triterpene glycoside peaks in the Sample
temperature. solution by comparison with the chromatogram of Standard

• LABELING:  The label states the Latin binomial and, following solution B and the reference chromatogram provided with the
the official name, the parts of the plant contained in the lot of USP Powdered Bacopa Extract RS. The Sample solution
article. shows additional peaks corresponding to bacopaside I,

• USP REFERENCE STANDARDS 〈11〉 bacopaside II, the jujubogenin isomer of bacopasaponin C,
USP Bacoside A3 RS and bacopasaponin C.
USP Powdered Bacopa Extract RS■1S (USP34)

COMPOSITION
• CONTENT OF TRITERPENE GLYCOSIDES

Solution A:  Dissolve 0.14 g of anhydrous potassium
BRIEFING dihydrogen phosphate in 900 mL of water, add 0.5 mL of

phosphoric acid, dilute with water to 1000 mL, mix, filter, and
degas.

Solution B:  Use filtered and degassed acetonitrile.Powdered Bacopa Extract.  See briefing under Bacopa.
Standard solution A:  Sonicate a weighed quantity of USP
Bacoside A3 RS in methanol to obtain a solution with a con-
centration of about 0.5 mg/mL.(DSB: M. Sharaf.) RTS—C66613 Standard solution B:  Transfer about 10 mg of USP Powdered
Bacopa Extract RS to a 10-mL volumetric flask, and add about
8 mL of methanol. Sonicate and heat gently for 15–20 min,
dilute with methanol to volume, and mix. Before injection,
pass through a membrane filter of 0.45-µm or finer pore size,

Add the following: discarding the first 5 mL of the filtrate.
Sample solution:  Transfer an amount of Powdered Bacopa
Extract equivalent to about 25 mg triterpene glycosides to a

■Powdered Bacopa Extract 25-mL volumetric flask, and add 15 mL of methanol. Sonicate
and heat gently for 15–20 min, dilute with methanol to vol-
ume, and mix. Before injection, pass through a membraneDEFINITION
filter of 0.45-µm or finer pore size, discarding the first 5 mL ofPowdered Bacopa Extract is prepared from Bacopa by extraction
the filtrate.with water, alcohol, methanol, or a mixture of these solvents.

Mobile phase:  See the gradient table below.The ratio of plant material to extract is between 20:1 and 10:1.
It contains NLT 90.0% and NMT 110.0% of the labeled
amount of triterpene glycosides, calculated on the dried basis Time Solution A Solution B
as the sum of bacopaside I, bacoside A3, bacopaside II, the  (min)  (%) (%)
jujubogenin isomer of bacopasaponin C, and bacopasaponin C.

0 70 30It may contain suitable added substances as carriers.
25 60 40

IDENTIFICATION 26 70 30
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 30 70 30

Standard solution:  Transfer about 10 mg of USP Powdered
Bacopa Extract RS to a 10-mL volumetric flask, and add about Chromatographic system
8 mL of methanol. Sonicate and heat gently for 15–20 min,  (See Chromatography 〈621〉, System Suitability.)
dilute with methanol to volume, mix, centrifuge, and use the Mode:  LC
supernatant. Detector:  UV, 205 nm

Sample solution:  Sonicate for about 10 min an amount of Column:  4.6-mm × 25-cm; 1.5-µm, endcapped, base-deacti-
Powdered Bacopa Extract equivalent to about 40 mg of vated packing L1
triterpene glycosides in 10 mL of methanol, centrifuge, and Column temperature:  27 ± 1°
use the supernatant. Flow rate:  1.5 mL/min

Adsorbent:  Chromatographic silica gel mixture with an aver- Injection size:  20 µL
age particle size of 10–15 µm (TLC plates) System suitability

Application volume:  15 µL, as 5–10 mm bands Samples:  Standard solution A and Standard solution B
Developing solvent system:  Ethyl acetate, methanol, and Suitability requirements
water (7:2:1) The chromatogram from Standard solution B is similar to the

Spray reagent:  1% vanillin in alcohol and 10% sulfuric acid reference chromatogram provided with the lot of USP Pow-
in alcohol (1:1) dered Bacopa Extract RS being used.

Analysis Resolution:  NLT 1.0 between the bacopaside II and baco-
Samples:  Standard solution and Sample solution side A3 peaks, Standard solution B
Apply the samples as bands to a suitable thin-layer chromat- Tailing factor:  NMT 1.5 for the bacoside A3 peak, Stan-
ographic plate (see Chromatography 〈621〉). Use a saturated dard solution A
chamber. Develop the chromatograms until the solvent Relative standard deviation:  NMT 2% determined from
front has moved up about 90% of the plate. Remove the the bacoside A3 peak for replicate injections, Standard solu-
plate from the chamber, dry, spray with Spray reagent, heat tion A
for 5–10 min at about 70°, and examine under visible light. Analysis

Acceptance criteria:  The Sample solution exhibits a main dark Samples:  Standard solution A, Standard solution B, and Sam-
blue zone due to a mixture of bacoside A3, bacopaside II, the ple solution
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Using the chromatograms of Standard solution A and Stan- BRIEFING
dard solution B and the reference chromatogram provided
with the lot of USP Powdered Bacopa Extract RS, identify
the retention times of the peaks corresponding to different Forskohlii; Powdered Forskohlii; and Powdered Forskohliitriterpene glycosides. The approximate relative retention Extract.  New USP dietary supplement monographs are pro-times of the different triterpene glycosides are provided in posed. The liquid chromatographic procedure in Identificationthe following table: test B and in the test for Content of Forskolin is based on analyses

performed with the Lichrospher 100 PR-18 or Luna C18 100Å
brand of L1 columns, with 5-µm packing. The typical retentionRelative
times for isoforskolin and forskolin are 6.1 and 12.0 min,Analyte Retention
respectively.Time

Bacopaside I 0.73
Bacoside A3 1.00

(DSB: M. Sharaf.) RTS—C83546Bacopaside II 1.04
The jujubogenin isomer of bacopasaponin C 1.15
Bacopasaponin C 1.22

Separately calculate the percentages of bacopaside I, baco-
side A3, bacopaside II, jujubogenin isomer of bacopasaponin Add the following:
C, and bacopasaponin C in the portion of Powdered Bacopa
Extract taken:

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

DEFINITIONrU = peak response for each triterpene glycoside from Forskohlii consists of the dried roots of Plectranthus barbatus An-the Sample solution drews, also known as Coleus barbatus (Andrews) Benth. andrS = peak response for bacoside A3 in Standard solu- Coleus forskohlii Briq. (Fam. Lamiaceae). It contains NLT 0.4% oftion A forskolin, calculated on the dried basis.CS = concentration of USP Bacoside A3 RS in Standard
solution A (mg/mL) IDENTIFICATION

CU = concentration of Powdered Bacopa Extract in the • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
Sample solution (mg/mL) Standard solution A:  50 µg/mL of USP Forskolin RS in

F = conversion factor for each analyte (1.00 for acetonitrile and sonicate for about 10 min
bacoside A3, 1.03 for bacopaside I, 0.81 for Standard solution B:  5 mg/mL of USP Powdered Forskohlii
bacopaside II, 0.99 for the jujubogenin isomer Extract RS in acetonitrile, sonicate for about 15 min, centri-
of bacopasaponin C, and 0.75 for fuge, and use the supernatant
bacopasaponin C) Sample stock solution:  Use the Sample solution, prepared as

Acceptance criteria:  Add the percentages of bacopaside I, directed in the test for Content of Forskolin.
bacoside A3, bacopaside II, the jujubogenin isomer of Sample solution:  Dilute 10 mL of the Sample stock solution
bacopasaponin C, and bacopasaponin C: NLT 90.0% and with acetonitrile to 25 mL.
NMT 110.0% of the labeled amount of triterpene glycosides, Adsorbent:  Chromatographic silica gel with an average parti-
calculated on the dried basis. cle size of 10–15 µm (TLC plates)

Application volume:  10 µL, as 4-mm bandsIMPURITIES Developing solvent system:  Toluene and ethyl acetateInorganic Impurities (85:15)• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm Spray reagent:  5% vanillin in glacial acetic acid and 10%Organic Impurities sulfuric acid in water (1:1)• PROCEDURE: ARTICLES OF BOTANICAL ORIGIN, General Method for AnalysisPesticide Residues Analysis  〈561〉:  Meets the requirements Samples:  Standard solution A, Standard solution B, and Sam-
ple solutionSPECIFIC TESTS
Apply the Samples as bands to a suitable thin-layer chromato-• LOSS ON DRYING 〈731〉:  Dry 1.0 g of Powdered Bacopa Extract
graphic plate (see Chromatography 〈621〉). Use a saturatedat 105° for 3 h: it loses NMT 5% of its weight.
chamber. Develop the chromatograms until the solvent• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic mi-
front has moved up about 90% of the plate. Remove thecrobial count does not exceed 104 cfu/g. The total combined
plate from the chamber, dry, spray with the Spray reagent,yeasts and molds count does not exceed 103 cfu/g.
heat for 5–10 min at 105°, and examine under visible light.• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-

Acceptance criteria:  The chromatogram of the Sample solu-ORGANISMS 〈2022〉:  It meets the requirements of the tests for
tion exhibits the following: a violet zone due to forskolin at anabsence of Salmonella species and Escherichia coli.
RF value of approximately 0.3, corresponding in color and RF

to that in the chromatogram of Standard solution A; and aADDITIONAL REQUIREMENTS
minor violet zone, a pink zone, and a brick red zone at RF• PACKAGING AND STORAGE:  Preserve in well-closed containers,
values of approximately 0.1, 0.62, and 0.69, due to isofor-protected from light and moisture, and store at controlled
skolin, 1,9-dideoxyforskolin and crocetindialdehyde, respec-room temperature.
tively. Zones detected in the Sample solution chromatogram• LABELING:  The label states the Latin binomial and, following
correspond in position and color to zones in the chromato-the official name, the part of the plant from which the article
gram of Standard solution B. Other minor zones may be ob-was derived. It meets other labeling requirements under Botan-
served in the Sample solution and Standard solution Bical Extracts 〈565〉.
chromatograms.• OTHER REQUIREMENTS:  It meets the requirements of the test for

• B.  The chromatogram of the Sample solution obtained in theResidual Solvents under Botanical Extracts 〈565〉.
test for Content of Forskolin shows a main peak at a retention• USP REFERENCE STANDARDS 〈11〉
time corresponding to that of forskolin in the chromatogramUSP Bacoside A3 RS
of Standard solution A. Identify other diterpene peaks in theUSP Powdered Bacopa Extract RS■1S (USP34)
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Sample solution chromatogram by comparison with the chro- rU = peak response of forskolin from the Sample solu-
matogram of Standard solution B and the reference chromato- tion
gram provided with the lot of USP Powdered Forskohlii Extract rS = peak response of forskolin from Standard solution
RS. The Sample solution chromatogram shows an additional A
peak corresponding to isoforskolin. CS = concentration of USP Forskolin RS in Standard

solution A (mg/mL)
COMPOSITION CU = concentration of Forskohlii in the Sample solution
• CONTENT OF FORSKOLIN (mg/mL)

Solution A:  Use filtered and degassed acetonitrile. Acceptance criteria:  NLT 0.4% on the dried basis
Solution B:  Use filtered and degassed water.
Standard solution A:  Sonicate a quantity of USP Forskolin RS IMPURITIES
in acetonitrile to obtain a solution having a known concentra- Inorganic Impurities
tion of about 1.0 mg/mL. • ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT

Standard solution B:  5 mg/mL of USP Powdered Forskohlii 2%
Extract RS in acetonitrile, sonicate for about 15 min, centri- • HEAVY METALS, Method III 〈231〉:  NMT 20 ppm
fuge, and use the supernatant. Before injection, pass through Organic Impurities
a membrane filter of 0.45-µm or finer pore size. • PROCEDURE 1: ARTICLES OF BOTANICAL ORIGIN, Foreign Organic

Sample solution:  Transfer about 3.0 g of Forskohlii, finely Matters 〈561〉:  NMT 2.0%
powdered, to a 100-mL round-bottom flask fitted with a reflux • PROCEDURE 2: ARTICLES OF BOTANICAL ORIGIN, General Method for
condenser. Add 50 mL of acetonitrile, reflux on a water bath Pesticide Residues Analysis 〈561〉:  Meets the requirements
for 20 min, cool to room temperature, and decant the super-

SPECIFIC TESTSnatant. Repeat until the last extract is colorless. Combine the
• BOTANIC CHARACTERISTICSextracts, filter, concentrate under vacuum, and adjust the vol-

Macroscopic:  Fresh root, pale pinkish yellow, cylindrical toume with acetonitrile to 100 mL. Before injection, pass
subcylindrical, with tapering ends, 5–12 in length, 1–2 cm inthrough a membrane filter of 0.45-µm or finer pore size, dis-
diameter; surface rough, shows lateral rootlets or scars of root-carding the first 5 mL of the filtrate.
lets and transversely running lenticels. Pharmacopeial article,System suitability solution:  Standard solution A and 0.01%
dark brown; surface rough, irregularly cylindrical, longitudi-toluene in acetonitrile (1:1)
nally wrinkled, showing irregular grooves and prominentMobile phase:  See the gradient table below.
ridges; fracture short; cut surface is yellowish white; character-
istic and pleasant aromatic odor, and slightly bitter to pun-

Time Solution A Solution B gent taste.
 (min)  (%) (%) Histology

0 45 55 Transverse section of roots:  Irregular circular in outline;
showing narrow cork, 10–15 rows of tangentially elongated25 45 55
radially arranged cork cells; cortex composed of 10–15 rows28 95 5
of thin-wall parenchyma cells showing sclereids and crystals35 95 5 of calcium oxalate; vascular cambium in the form of a con-

36 45 55 tinuous ring; xylem showing narrow rays of vessels, few ligni-
45 45 55 fied fibers are present in older roots, 3–8 cell wide medullary

rays, and parenchyma showing few sclereids, oleoresins
Chromatographic system canals and simple starch grains; pith composed of paren-
 (See Chromatography 〈621〉, System Suitability.) chyma cells in young roots and is replaced by compactly
Mode:  LC arranged vessels, fibers, and tracheids in mature roots.
Detector:  UV 220 nm • LOSS ON DRYING 〈731〉:  Dry 1.0 g of finely powdered Forskohlii
Column:  4.6-mm × 25-cm; 5-µm, 100Å at 105° for 3 h: it loses NMT 12.0% of its weight.
Column temperature:  30 ± 2° • ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 6%, de-
Flow rate:  1.8 mL/min termined on 1.0 g of finely powdered Forskohlii
Injection size:  20 µL • ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,

System suitability Method 2  〈561〉:  NLT 25.0%
Samples:  Standard solution A, Standard solution B, and Sys- • MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic bac-
tem suitability solution terial count does not exceed 105 cfu/g, the total combined
[NOTE—The approximate relative retention times for isofor- molds and yeasts count does not exceed 103 cfu/g, and the
skolin and forskolin are 0.51 and 1.00, respectively.] bile-tolerant Gram-negative bacteria does not exceed 103

Suitability requirements cfu/g.
The chromatogram from Standard solution B is similar to the • MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-
reference chromatogram provided with the lot of USP Pow- ORGANISMS 〈2022〉:  Meets the requirements of the tests for
dered Forskohlii Extract RS being used. absence of Salmonella species and Escherichia coli
Resolution:  NLT 1.5 between the forskolin and toluene • ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins 〈561〉:  Meets
peaks, System suitability solution the requirements

Relative standard deviation:  NMT 2% determined from
the forskolin peak for replicate injections, Standard solution ADDITIONAL REQUIREMENTS
A • PACKAGING AND STORAGE:  Preserve in well-closed containers,

Analysis protected from light and moisture, and store at room
Samples:  Standard solution A, Standard solution B, and Sam- temperature.
ple solution • LABELING:   The label states the Latin binomial and, following
Using the chromatogram of Standard solution A, Standard so- the official name, the parts of the plant contained in the
lution B, and the reference chromatogram provided with the article.
lot of USP Powdered Forskohlii Extract RS, identify the reten- • USP REFERENCE STANDARDS 〈11〉
tion times of the peaks corresponding to isoforskolin and USP Forskolin RS
forskolin. USP Powdered Forskohlii Extract RS■1S (USP34)

Calculate the percentage of forskolin in the portion of For-
skohlii taken:

Result = (rU/rS) × (CS/CU) ×100

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(3) [May–June 2010] IN-PROCESS REVISION 697

BRIEFING Standard solution B:  5 mg/mL of USP Powdered Forskohlii
Extract RS in acetonitrile. Sonicate for about 15 min, centri-
fuge, and use the supernatant. Before injection, pass through
a membrane filter having a 0.45-µm or finer pore size.Powdered Forskohlii.  See briefing under Forskohlii.

Sample solution:  Transfer about 3.0 g of Powdered Forskohlii
to a 100-mL round-bottom flask fitted with a reflux con-
denser. Add 50 mL of acetonitrile, reflux on a water bath for

(DSB: M. Sharaf.) RTS—C83637 20 min, cool to room temperature, and decant the superna-
tant. Repeat until the last extract is colorless. Combine the
extracts, filter, concentrate under vacuum, and adjust the vol-
ume with acetonitrile to 100 mL. Before injection, pass
through a membrane filter having a 0.45-µm or finer pore
size, discarding the first 5 mL of the filtrate.Add the following:

System suitability solution:  A mixture of Standard solution A
and 0.01% toluene in acetonitrile (1:1)

Mobile phase:  See the gradient table below.■Powdered Forskohlii

DEFINITION Time Solution A Solution B
Powdered Forskohlii is Forskohlii reduced to a powder or very fine  (min)  (%) (%)

powder. It contains NLT 0.4% of forskolin, calculated on the 0 45 55dried basis.
25 45 55

IDENTIFICATION 28 95 5
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 35 95 5

Standard solution A:  50 µg/mL of USP Forskolin RS in 36 45 55
acetonitrile. Sonicate for about 10 min.

45 45 55Standard solution B:  5 mg/mL of USP Powdered Forskohlii
Extract RS in acetonitrile. Sonicate for about 15 min, centri- Chromatographic system
fuge, and use the supernatant.  (See Chromatography 〈621〉, System Suitability.)

Sample stock solution:  Use the Sample solution, prepared as Mode:  LC
directed in the test for Content of Forskolin. Detector:  UV 220 nm

Sample solution:  Dilute 10 mL of the Sample stock solution Column:  4.6-mm × 25-cm; 5-µm, 100Å
with acetonitrile to 25 mL. Column temperature:  30 ± 2°

Adsorbent:  Chromatographic silica gel with an average parti- Flow rate:  1.8 mL/min
cle size of 10–15 µm (TLC plates) Injection size:  20 µL

Application volume:  10 µL, as 4-mm bands System suitability
Developing solvent system:  A mixture of toluene and ethyl Samples:  Standard solution A, Standard solution B, and Sys-
acetate (85:15) tem suitability solution

Spray reagent:  A mixture of 5% vanillin in glacial acetic acid [NOTE—The relative retention times for isoforskolin and for-
and 10% sulfuric acid in water (1:1) skolin are 0.51 and 1.00, respectively.]

Analysis Suitability requirements:  The chromatogram from Standard
Samples:  Standard solution A, Standard solution B, and Sam- solution B is similar to the reference chromatogram provided
ple solution with the lot of USP Powdered Forskohlii Extract RS being
Apply the samples as bands to a suitable thin-layer chromat- used.
ographic plate (see Chromatography 〈621〉). Use saturated Relative standard deviation:  NMT 2% determined from
chamber. Develop the chromatograms until the solvent the forskolin peak in repeated injections, Standard solution
front has moved up about 90% of the plate. Remove the A
plate from the chamber, dry, spray with the Spray reagent, Resolution:  NLT 1.5 between the forskolin and toluene
heat for 5–10 min at 105°, and examine under visible light. peaks, System suitability solution

Acceptance criteria:  The Sample solution exhibits a violet Analysis
zone due to forskolin at an RF value of approximately 0.3, Samples:  Standard solution A, Standard solution B, and Sam-
corresponding in color and RF to that from Standard solution ple solution
A; and a minor violet zone, a pink zone, and a brick red zone Using the chromatogram of Standard solution A, Standard so-
at RF values of approximately 0.1, 0.62, and 0.69, due to lution B, and the reference chromatogram provided with the
isoforskolin, 1,9-dideoxyforskolin, and crocetindialdehyde, re- lot of USP Powdered Forskohlii Extract RS being used, iden-
spectively. Zones detected from the Sample solution corre- tify the retention times of the peaks corresponding to isofor-
spond in position and color to zones from Standard solution B. skolin and forskolin.
Other minor zones may be observed from the Sample solution Calculate the percentage of forskolin in the portion of Pow-
and Standard solution B. dered Forskohlii taken:

• B.  The Sample solution from the test for Content of Forskolin
shows a main peak at a retention time corresponding to that Result = (rU/rS) × (CS/CU) × 100
of forskolin from Standard solution A. Identify other diterpene
peaks in the Sample solution by comparison with Standard solu- rU = peak response of forskolin from the Sample solu-
tion B and the reference chromatogram provided with the lot tion
of USP Powdered Forskohlii Extract RS being used. The Sample rS = peak response of forskolin from Standard solution
solution shows an additional peak corresponding to A
isoforskolin. CS = concentration of USP Forskolin RS in Standard

solution A (mg/mL)
COMPOSITION CU = concentration of Powdered Forskohlii in the
• CONTENT OF FORSKOLIN Sample solution (mg/mL)

Solution A:  Use filtered and degassed acetonitrile.
Solution B:  Use filtered and degassed water.
Standard solution A:  Sonicate a quantity of USP Forskolin RS
in acetonitrile to obtain a solution having a known concentra-
tion of about 1.0 mg/mL.
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Acceptance criteria:  NLT 0.4% is found on the dried basis IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

IMPURITIES Standard solution A:  50 µg/mL of USP Forskolin RS in
Inorganic Impurities acetonitrile. Sonicate for about 10 min.
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT Standard solution B:  5 mg/mL of USP Powdered Forskohlii

2% Extract RS in acetonitrile. Sonicate for about 15 min, centri-
• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm fuge, and use the supernatant.
Organic Impurities Sample solution:  5 mg/mL of Powdered Forskohlii Extract in
• PROCEDURE: ARTICLES OF BOTANICAL ORIGIN, General Method for acetonitrile. Sonicate for about 15 min, centrifuge, and use

Pesticide Residues Analysis 〈561〉:  Meets the requirements the supernatant.
Adsorbent:  Chromatographic silica gel with an average parti-SPECIFIC TESTS cle size of 10–15 µm (TLC plates)• BOTANIC CHARACTERISTICS:  Yellowish brown powder; character- Application volume:  10 µL, as 4-mm bandsistic and pleasant aromatic odor; and slightly bitter to pungent Developing solvent system:  A mixture of toluene and ethyltaste. Under a microscope, it shows the presence of paren- acetate (85:15)chyma cells with oleoresin canals, starch grains and prisms of Spray reagent:  A mixture of 5% vanillin in glacial acetic acidcalcium oxalate; oil globules; simple starch grains, cork cells; and 10% sulfuric acid in water (1:1)sclereids; stone cells; pitted vessels; and thin-wall fibers. Analysis• LOSS ON DRYING 〈731〉:  Dry 1.0 g of Powdered Forskohlii at Samples:  Standard solution A, Standard solution B, and Sam-105° for 3 h: it loses NMT 12.0% of its weight. ple solution• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 6%, de- Apply the samples as bands to a suitable thin-layer chromat-termined on 1.0 g of Powdered Forskohlii ographic plate (see Chromatography 〈621〉). Use saturated• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives, chamber. Develop the chromatograms until the solventMethod 2 〈561〉:  NLT 25.0% front has moved up about 90% of the plate. Remove the• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic bac- plate from the chamber, dry, spray with the Spray reagent,terial count does not exceed 105 cfu/g; the total combined heat for 5–10 min at 105°, and examine under visible light.molds and yeasts count does not exceed 103 cfu/g; and the Acceptance criteria:  The Sample solution exhibits a violetbile-tolerant Gram-negative bacteria does not exceed 103
zone due to forskolin at an RF value of approximately 0.3,cfu/g. corresponding in color and RF to that from Standard solution• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO- A; and a minor violet zone, a pink zone, and a brick red zone

ORGANISMS 〈2022〉:  Meets the requirements of the tests for at RF values of approximately 0.1, 0.62, and 0.69, due toabsence of Salmonella species and Escherichia coli. isoforskolin, 1,9-dideoxyforskolin, and crocetindialdehyde, re-• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins 〈561〉:  Meets spectively. Zones detected from the Sample solution corre-the requirements spond in position and color to zones from Standard solution B.
Other minor zones may be observed from the Sample solutionADDITIONAL REQUIREMENTS
and Standard solution B.• PACKAGING AND STORAGE:  Preserve in well-closed containers,

• B.  The Sample solution from the test for Content of Forskolinprotected from light and moisture, and store at room
shows a main peak at a retention time corresponding to thattemperature.
of forskolin from Standard solution A. Identify other diterpene• LABELING:   The label states the Latin binomial and, following
peaks in the Sample solution by comparison with Standard solu-the official name, the parts of the plant contained in the
tion B and the reference chromatogram provided with the lotarticle.
of USP Powdered Forskohlii Extract RS being used. The Sample• USP REFERENCE STANDARDS 〈11〉
solution shows an additional peak corresponding toUSP Forskolin RS
isoforskolin.USP Powdered Forskohlii Extract RS■1S (USP34)

COMPOSITION
• CONTENT OF FORSKOLIN

Solution A:  Use filtered and degassed acetonitrile.BRIEFING Solution B:  Use filtered and degassed water.
Standard solution A:  Sonicate a quantity of USP Forskolin RS
in acetonitrile to obtain a solution having a known concentra-

Powdered Forskohlii Extract.  See briefing under Forskohlii. tion of about 1.0 mg/mL.
Standard solution B:  5 mg/mL of USP Powdered Forskohlii
Extract RS in acetonitrile. Sonicate for about 15 min, centri-
fuge, and use the supernatant. Before injection, pass through(DSB: M. Sharaf.) RTS—C83638
a membrane filter having a 0.45-µm or finer pore size.

Sample solution:  Transfer an amount of Powdered Forskohlii
Extract equivalent to about 25 mg of forskolin to a 25-mL
volumetric flask, and add 15 mL of acetonitrile. Sonicate and
heat in a water bath for about 10 min, cool, dilute withAdd the following: acetonitrile to volume, and mix. Before injection, filter through
a membrane filter having a 0.45-µm or finer pore size, dis-
carding the first 5 mL of the filtrate.■Powdered Forskohlii Extract System suitability solution:  A mixture of Standard solution A
and 0.01% toluene in acetonitrile (1:1)

DEFINITION Mobile phase:  See the gradient table below.
Powdered Forskohlii Extract is prepared from Forskohlii using suit-

able solvents such as methanol, ethyl acetate, hexane or a mix-
Time Solution A Solution Bture of these solvents. The ratio of plant material to extract is

 (min)  (%) (%)between 65:1 and 35:1. It contains NLT 90.0% and NMT
110.0% of the labeled amount of forskolin, calculated on the 0 45 55
dried basis. It contains suitable added substances as carriers. 25 45 55

28 95 5
35 95 5
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was derived. It meets other labeling requirements under Botan-Time Solution A Solution B
ical Extracts 〈565〉. (min)  (%) (%)

• OTHER REQUIREMENTS:  It meets the requirements of the test for36 45 55
Residual Solvents under Botanical Extracts 〈565〉.

45 45 55 • USP REFERENCE STANDARDS 〈11〉
USP Forskolin RSChromatographic system
USP Powdered Forskohlii Extract RS■1S (USP34) (See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm, 100Å BRIEFINGColumn temperature:   30° ± 2°
Flow rate:  1.8 mL/min
Injection size:  20 µL

Garcinia cambogia; Powdered Garcinia cambogia; GarciniaSystem suitability
indica; Powdered Garcinia indica; and Powdered GarciniaSamples:  Standard solution A, Standard solution B, and Sys-
Hydroxycitrate Extract.  New USP dietary supplementtem suitability solution
monographs are being proposed. The liquid chromatographic[NOTE—The relative retention times for isoforskolin and for-
procedures in the tests for Content of (–)-Hydroxycitric Acid andskolin are 0.51 and 1.00, respectively.]
(–)-Hydroxycitric Acid Lactone and Limit of Citric Acid are based onSuitability requirements
analyses performed with the LiChrospher 100 RP-18 brand of L1The chromatogram from Standard solution B is similar to the
column with 5-µm packing. The typical retention times observedreference chromatogram provided with the lot of USP Pow-
for hydroxycitric acid lactone, hydroxycitric acid, and citric aciddered Forskohlii Extract RS being used.
are about 4.4, 5.1, and 10.7 min, respectively.Relative standard deviation:  NMT 2% determined from

the forskolin peak in repeated injections, Standard solution
A

Resolution:  NLT 1.5 between the forskolin and toluene (DSB: M. Sharaf.) RTS—C66620
peaks, System suitability solution

Analysis
Samples:  Standard solution A, Standard solution B, and Sam-
ple solution
Using the chromatogram of Standard solution A, Standard so-

Add the following:lution B, and the reference chromatogram provided with the
lot of USP Powdered Forskohlii Extract RS being used, iden-
tify the retention times of the peaks corresponding to isofor- ■Garcinia cambogiaskolin and forskolin.

Calculate the percentage of forskolin in the portion of Pow-
DEFINITIONdered Forskohlii Extract taken:
Garcinia cambogia consists of the dried pericarp of the fruits of

Garcinia gummi-gutta (L.) N. Robson, also known as GarciniaResult = (rU/rS) × (CS/CU) × 100
cambogia (Gaertn.) Desr. (Fam. Clusiaceae). It contains NLT
12% of the sum of (–)-hydroxycitric acid and (–)-hydroxycitricrU = peak response of forskolin from the Sample solu-
acid lactone, on the dried basis.tion

rS = peak response of forskolin from Standard solution
IDENTIFICATIONA
• The Sample solution exhibits a peak for hydroxycitric acid at aCS = concentration of USP Forskolin RS in Standard

retention time corresponding to that of Standard solution A, assolution A (mg/mL)
obtained in the test for Content of (–)-Hydroxycitric Acid andCU = concentration of Powdered Forskohlii Extract in
(–)-Hydroxycitric Acid Lactone. The Sample solution also exhibitsthe Sample solution (mg/mL)
a peak for hydroxycitric acid lactone. The hydroxycitric acidAcceptance criteria:  NLT 90.0% and NMT 110.0% of the
and the hydroxycitric acid lactone peaks are the main peaks inlabeled amount of forskolin on the dried basis
the Sample solution chromatogram.

IMPURITIES
COMPOSITIONInorganic Impurities
• CONTENT OF (–)-HYDROXYCITRIC ACID AND (–)-HYDROXYCITRIC• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm

ACID LACTONEOrganic Impurities
Solution A:  30% phosphoric acid in water• PROCEDURE: ARTICLES OF BOTANICAL ORIGIN, General Method for
Solvent:  A mixture of Solution A and water (1:9)Pesticide Residues Analysis 〈561〉:  Meets the requirements
Mobile phase:  Dissolve 1.36 g of anhydrous potassium
dihydrogen phosphate in 900 mL of water, adjust with Solu-SPECIFIC TESTS
tion A to a pH of 2.5, complete to 1000 mL with water, mix,• LOSS ON DRYING 〈731〉:  Dry 1.0 g of Powdered Forskohlii Ex-
filter, and degas.tract at 105° for 3 h: it loses NMT 5.0% of its weight.

Standard solution A:  A solution of USP Calcium (–)-Hydrox-• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic mi-
ycitrate RS equivalent to about 2.5 mg/mL of (–)-hydroxycitriccrobial count does not exceed 104 cfu per g. The total com-
acid in Solvent. Before injection, pass through a membranebined yeasts and molds count does not exceed 103 cfu per g.
filter of 0.45-µm or finer pore size, discarding the first few mL• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-
of the filtrate.ORGANISMS 〈2022〉:  It meets the requirements of the tests for

Standard solution B:  5 mg/mL of USP Powdered Garciniaabsence of Salmonella species and Escherichia coli.
Hydroxycitrate Extract RS in Solvent. Before injection, pass• ARTICLES OF BOTANICAL ORIGIN, Test for Aflatoxins 〈561〉:  Meets
through a membrane filter of 0.45-µm or finer pore size.the requirements

Sample solution:  Transfer about 5 g of Garcinia cambogia,
ADDITIONAL REQUIREMENTS finely powdered, to a 250-mL round-bottom flask fitted with a
• PACKAGING AND STORAGE:  Preserve in well-closed containers, reflux condenser. Add 50 mL of Solvent, reflux while stirring

protected from light and moisture, and store at controlled on a water bath for 30 min, set aside to settle, and decant the
room temperature. supernatant. Repeat the extraction using four 50-mL portions

• LABELING:  The label states the Latin binomial and, following
the official name, the part of the plant from which the article
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of water, combine all extracts, cool, filter into a 250-mL volu- Compendial article consists of dried pieces of pericarp, longi-
metric flask, and complete with water to volume. Before injec- tudinal, of variable size and shape, strongly curved inward;
tion, pass through a membrane filter of 0.45-µm or finer pore leathery; externally rough, irregularly wrinkled, longitudinally
size, discarding the first few mL of the filtrate. grooved; internally smooth, longitudinally faintly striated and

Chromatographic system ridged. Dark brown to blackish-brown; odor characteristic;
 (See Chromatography 〈621〉, System Suitability.) taste sour, astringent, and slightly bitter.
Mode:  LC Histology
Detector:  UV 215 nm Transverse section of the pericarp:  Shows a layer of epi-
Column:  4.6-mm × 25-cm; packing L1 carp, composed of rectangular to tangentially elongated cells
Column temperature:  25 ± 1° covered with thin cuticle; wide mesocarp, composed of
Flow rate:  1.0 mL/min 100–150 rows of parenchyma cells of variable size and
Injection size:  20 µL shape, the outer rows composed of relatively larger cells with

System suitability wide intercellular spaces; vascular bundles appear throughout
Samples:   Standard solution A, Standard solution B, and Sam- the mesocarp, more toward the inner zone; dark brown
ple solution gummy exudates, simple and compound starch granules and
[NOTE—The relative retention times for the hydroxycitric acid prisms of calcium oxalate are present in the parenchyma cells
lactone and hydroxycitric acid peaks are about 0.9 and 1.0, throughtout the mesocarp.
respectively.] • LIMIT OF CITRIC ACID

Suitability requirements Solvent:  Prepare as directed in the test for 
The chromatogram obtained for Standard solution B is similar Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid
to the reference chromatogram provided with the lot of Lactone.
USP Powdered Garcinia Hydroxycitrate Extract RS being Standard solution:  0.5 mg/mL of USP Citric Acid RS in Sol-
used. vent. Before injection, pass through a membrane filter of 0.45-
Resolution:  NLT 1.0 between hydroxycitric acid lactone µm or finer pore size, discarding the first few mL of the
and hydroxycitric acid, Sample solution filtrate.

Tailing factor:  NMT 2.0 for the hydroxycitric acid peak, Chromatographic system:  Proceed as directed for Content of
Standard solution A (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone.

Relative standard deviation:  NMT 2.0%, determined Analysis
from the hydroxycitric acid peak in repeated injections, Sample:  Standard solution
Standard solution A Calculate the percentage of citric acid in the portion of

Analysis Garcinia cambogia taken:
Samples:  Standard solution A, Standard solution B, and Sam-

Result = (rU/rS) × (CS/CU) × 100ple solution. [NOTE—Standard solution A, Standard solution B,
and Sample solution are stable for 6 h.]

rU = peak area of citric acid from the Sample solutionCalculate the percentages of (–)-hydroxycitric acid and 
in the test for Content of (–)-Hydroxycitric Acid(–)-hydroxycitric acid lactone in the portion of Garcinia
and (–)-Hydroxycitric Acid Lactone (mg/mL)cambogia taken:

rS = peak area of citric acid from the Standard solution
CS = concentration of USP Citric Acid RS in the Stan-Result = (rU/rS) × (CS/CU) × F × 100

dard solution (mg/mL)
rU = peak area for the relevant analyte from the Sam- CU = concentration of Garcinia cambogia in the Sample

ple solution solution in the test for Content of (–)-Hydroxyci-
rS = peak area of hydroxycitric acid from Standard tric Acid and (–)-Hydroxycitric Acid Lactone

solution A (mg/mL)
CS = concentration of (–)-hydroxycitric acid in Stan- Acceptance criteria:  NMT 2% of citric acid on the dried basis

dard solution A (mg/mL) • LOSS ON DRYING 〈731〉:  Dry 2.0 g of finely powdered Garcinia
CU = concentration of Garcinia cambogia in the Sam- cambogia at 105° for 3 h: it loses NMT 12.0% of its weight.

ple solution (mg/mL) • ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  Determined
F = conversion factor for each analyte (2.17 for on 1.0 g of finely powdered Garcinia cambogia: NMT 3.0%

(–)-hydroxycitric acid lactone and 1.00 for and NMT 8.0% if sodium chloride was added as a preservative
(–)-hydroxycitric acid) during collection of the fruits

Acceptance criteria:  Add the percentages of (–)-hydroxycitric • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
acid and (–)-hydroxycitric acid lactone: NLT 12% is found on PLEMENTS 〈2021〉:  The total aerobic bacterial count does not
the dried basis. exceed 105 cfu/g, the total combined molds and yeasts count

does not exceed 103 cfu/g, and the bile-tolerant Gram-nega-
IMPURITIES tive bacteria do not exceed 103 cfu/g.
Inorganic Impurities • ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE-
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the

2.0% tests for absence of Salmonella species and Escherichia coli
• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm
Organic Impurities ADDITIONAL REQUIREMENTS
• PROCEDURE 1: ARTICLES OF BOTANICAL ORIGIN, Foreign Organic • PACKAGING AND STORAGE:   Preserve in well-closed containers,

Matter 〈561〉:  NMT 2.0% protected from light and moisture, and store at room
• PROCEDURE 2: ARTICLES OF BOTANICAL ORIGIN, General Method for temperature.

Pesticide Residues Analysis 〈561〉:  Meets the requirements • LABELING:   The label states the Latin binomial and, following
the official name, the part of the plant contained in the article.

SPECIFIC TESTS • USP REFERENCE STANDARDS 〈11〉
• BOTANIC CHARACTERISTICS USP Calcium (–)-Hydroxycitrate RS

Macroscopic:  Fresh fruits are spherical to oval in shape, 4–8 USP Citric Acid RS
cm in height, 3–6 cm in width, yellowish to pale pinkish when USP Powdered Garcinia Hydroxycitrate Extract RS■1S (USP34)
ripe, resemble a miniature pumpkin, with 7–13 deep longitu-
dinal grooves, extending up to a circular elevated base of
stigma with blackish tip, situated in the depressed end of the
fruit, containing 6–8 seeds surrounded by a succulent aril.
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BRIEFING System requirements
The chromatogram obtained for Standard solution B is similar
to the Reference chromatogram provided with the lot of
USP Powdered Garcinia Hydroxycitrate Extract RS beingPowdered Garcinia cambogia.  See briefing under Garcinia
used.cambogia, published elsewhere in this issue of PF.
Resolution:  NLT 1.0 between the hydroxycitric acid lac-
tone and hydroxycitric acid peaks, Sample solution

Tailing factor:  NMT 2.0 for the hydroxycitric acid peak,
(DSB: M. Sharaf.) RTS—C66621 Standard solution A

Relative standard deviation:  NMT 2.0%, determined
from the hydroxycitric acid peak for replicate injections,
Standard solution A

Analysis
Samples:  Standard solution A, Standard solution B, and Sam-Add the following:
ple solution
[NOTE—Standard solution A, Standard solution B, and Sample
solution are stable for 6 h.]■Powdered Garcinia cambogia

Calculate the percentages of (–)-hydroxycitric acid and (–)-
hydroxycitric acid lactone in the portion of PowderedDEFINITION
Garcinia cambogia taken:Powdered Garcinia cambogia is Garcinia cambogia reduced to a

powder or very fine powder. It contains NLT 12% of the sum
Result = (rU/rS) × (CS/CU) × F × 100of (–)-hydroxycitric acid and (–)-hydroxycitric acid lactone, on

the dried basis. rU = peak area of the relevant analyte from the Sam-
ple solutionIDENTIFICATION

rS = peak area of hydroxycitric acid from Standard• The Sample solution exhibits a peak for hydroxycitric acid at a
solution Aretention time corresponding to that of Standard solution A, as

CS = concentration of (–)-hydroxycitric acid in Stan-obtained in the test for Content of (–)-Hydroxycitric Acid and
dard solution A (mg/mL)(–)-Hydroxycitric Acid Lactone. The Sample solution also exhibits

CU = concentration of Powdered Garcinia cambogia ina peak for hydroxycitric acid lactone. The hydroxycitric acid
the Sample solution (mg/mL)and the hydroxycitric acid lactone peaks are the main peaks in

F = conversion factor for each analyte (2.17 for (–)-the Sample solution chromatogram.
hydroxycitric acid lactone and 1.00 for (–)-
hydroxycitric acid)COMPOSITION

Acceptance criteria:  NLT 12% on the dried basis• CONTENT OF (–)-HYDROXYCITRIC ACID AND (–)-HYDROXYCITRIC
ACID LACTONE

IMPURITIESSolution A:  30% phosphoric acid in water
Inorganic ImpuritiesSolvent:  Solution A and water (1:9)
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMTMobile phase:  Dissolve 1.36 g of anhydrous potassium

2.0%dihydrogen phosphate in 900 mL of water, adjust with Solu-
• HEAVY METALS, Method III 〈231〉:  NMT 20 ppmtion A to a pH of 2.5, complete with water to 1000 mL, mix,
Organic Impuritiesfilter, and degas.
• PROCEDURE: ARTICLES OF BOTANICAL ORIGIN, General Method forStandard solution A:  A solution of USP Calcium (–)-Hydrox-

Pesticide Residues Analysis 〈561〉:  Meets the requirementsycitrate RS equivalent to about 2.5 mg/mL of (–)-hydroxycitric
acid in Solvent. Before injection, pass through a membrane SPECIFIC TESTSfilter of 0.45-µm or finer pore size. • BOTANIC CHARACTERISTICS:  Dark brown powder; odorStandard solution B:  5 mg/mL of USP Powdered Garcinia charactersitic; taste sour, astringent and slightly bitter. Under aHydroxycitrate Extract RS in Solvent. Before injection, pass microscope, it shows parenchyma cells containing dark red-through a membrane filter of 0.45-µm or finer pore size, dis- dish-brown gummy exudates; parenchyma cells containingcarding the first few mL of filtrate. simple and compound starch granules; prisms of calcium oxa-Sample solution:  Transfer about 5 g of Powdered Garcinia late; and fragments of spiral and annular vessels.cambogia to a 250-mL round-bottom flask fitted with a reflux • LIMIT OF CITRIC ACIDcondenser. Add 50 mL of Solvent, reflux while stirring on a Solvent:  Prepare as directed in the test for Content of (–)-water bath for 30 min, set aside to settle, and decant the Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone.supernatant. Repeat the extraction using four 50-mL portions Standard solution:  0.5 mg/mL of USP Citric Acid RS in Sol-of water, combine all extracts, Cool, filter into a 250-mL volu- vent. Before injection, pass through a membrane filter of 0.45-metric flask, and complete with water to volume. Before injec- µm or finer pore size, discarding the first few mL of filtrate.tion, pass through a membrane filter of 0.45-µm or finer pore Analysissize, discarding the first few mL of filtrate. Sample:  Standard solutionChromatographic system Calculate the percentage of citric acid in the portion of Pow- (See Chromatography 〈621〉, System Suitability.) dered Garcinia cambogia taken:Mode:  LC
Detector:  UV 215 nm Result = (rU/rS) × (CS/CU) × 100
Column:  4.6-mm × 25-cm; packing L1
Column temperature:  25° ± 1° rU = peak area of citric acid from the Sample solution
Flow rate:  1.0 mL/min in the test for Content of (-)-Hydroxycitric Acid
Injection size:  20 µL and (-)-Hydroxycitric Acid Lactone

System suitability rS = peak area of citric acid from the Standard solution
Samples:  Standard solution A, Standard solution B, and Sam- CS = concentration of USP Citric Acid RS in the Stan-
ple solution dard solution (mg/mL)
[NOTE—The relative retention times for hydroxycitric acid lac- CU = concentration of Powdered Garcinia cambogia in
tone and hydroxycitric acid peaks are about 0.9 and 1.0, the Sample solution in the test for Content of (-)-
respectively.] Hydroxycitric Acid and (-)-Hydroxycitric Acid Lac-

tone (mg/mL)
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Acceptance criteria:  NMT 2% of citric acid, calculated on the acid in Solvent. Before injection, pass through a membrane
dried basis filter of 0.45-µm or finer pore size.

• LOSS ON DRYING 〈731〉:  Dry 2.0 g of Powdered Garcinia Standard solution B:  5 mg/mL of USP Powdered Garcinia
cambogia at 105° for 3 h: it loses NMT 12.0% of its weight. Hydroxycitrate Extract RS in Solvent. Before injection, pass

• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  Determined through a membrane filter of 0.45-µm or finer pore size.
on 1.0 g of Powdered Garcinia cambogia: NMT 3.0% and Sample solution:  5 mg/mL of Powdered Garcinia Hydroxyci-
NMT 8.0% if sodium chloride was added as a preservative trate Extract in Solvent. Before injection, pass through a mem-
during collection of the fruits brane filter of 0.45-µm or finer pore size.

• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic bac- Chromatographic system
terial count does not exceed 105 cfu/g, the total combined (See Chromatography 〈621〉, System Suitability.)
molds and yeasts count does not exceed 103 cfu/g, and the Mode:  LC
bile-tolerant Gram-negative bacteria do not exceed 103 cfu/g. Detector:  UV 215 nm

• ABSENCE OF SPECIFIED MICROORGANISMS 〈2022〉:  Meets the re- Column:  4.6-mm × 25-cm; packing L1
quirements of the tests for absence of Salmonella species and Column temperature:  25 ± 1°
Escherichia coli Flow rate:  1.0 mL/min

Injection size:  20 µL
ADDITIONAL REQUIREMENTS System suitability
• PACKAGING AND STORAGE:  Preserve in well-closed containers, Samples:  Standard solution A and Standard solution B

protected from light and moisture, and store at room Suitability requirements
temperature. The chromatogram obtained for Standard solution B is similar

• LABELING:  The label states the Latin binomial and, following to the Reference Chromatogram provided with the lot of
the official name, the part of the plant contained in the article. USP Powdered Garcinia Hydroxycitrate Extract RS being

• USP REFERENCE STANDARDS 〈11〉 used.
USP Calcium (–)-Hydroxycitrate RS Tailing factor:  NMT 2.0 for the hydroxycitric acid peak,
USP Citric Acid RS Standard solution A
USP Powdered Garcinia Hydroxycitrate Extract RS■1S (USP34) Relative standard deviation:  NMT 2.0%, determined

from the hydroxycitric acid peak, Standard solution A
Analysis
Samples:  Standard solution A, Standard solution B, and Sam-

BRIEFING ple solution. [NOTE—Standard solution A, Standard solution B,
and the Sample solution are stable for 6 h.]
Calculate the percentage of (–)-hydroxycitric acid and the

Powdered Garcinia Hydroxycitrate Extract.  See briefing limit of (–)-hydroxycitric acid lactone, if present, in the por-
under Garcinia Cambogia, published elsewhere in this issue of PF. tion of Powdered Garcinia Hydroxycitrate Extract taken:

Result = (rU/rS) × (CS/CU) × F × 100

(DSB: M. Sharaf.) RTS—C66622 rU = peak area for the relevant analyte from the Sam-
ple solution

rS = peak area of hydroxycitric acid from Standard
solution A

CS = concentration of (–)-hydroxycitric acid in Stan-
Add the following: dard solution A (mg/mL)

CU = concentration of Powdered Garcinia Hydroxyci-
trate Extract in the Sample solution (mg/mL)

■Powdered Garcinia Hydroxycitrate F = conversion factor for each analyte (2.17 for (–)-
hydroxycitric acid lactone and 1.00 for (–)-Extract
hydroxycitric acid)

Acceptance criteria:  NLT 40% of (–)-hydroxycitric acid andDEFINITION
NMT 8% of (–)-hydroxycitric acid lactone on the dried basis.Powdered Garcinia Hydroxycitrate Extract is prepared from

Garcinia cambogia or Garcinia indica by extraction with water, IMPURITIES
alcohol, or mixtures of these solvents, followed by stabilization Inorganic Impurities
of the (–)-hydroxycitric acid content in the form of a calcium, • ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT
potassium, magnesium, and/or sodium salt. The ratio of plant 3.0%
material to extract is about 5:1 to 10:1. It contains NLT 40% of • HEAVY METALS, Method III 〈231〉:  NMT 20 ppm
(–)-hydroxycitric acid, calculated on the dried basis. It may con- Organic Impurities
tain suitable added substances. • PROCEDURE: ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues

〈561〉:  Meets the requirementsIDENTIFICATION
• The Sample solution exhibits a peak for hydroxycitric acid at a SPECIFIC TESTS

retention time corresponding to that of Standard solution A, as • LIMIT OF CITRIC ACID
obtained in the test for Content of (–)-Hydroxycitric Acid and Solvent:  Proceed as directed in the test for Content of (–)-
Limit of (–)-Hydroxycitric Acid Lactone. Hydroxycitric Acid and Limit of (–)-Hydroxycitric Acid Lactone.

Standard solution:  0.5 mg/mL of USP Citric acid RS in Sol-COMPOSITION
vent. Before injection, pass through a membrane filter of 0.45-• CONTENT OF (–)-HYDROXYCITRIC ACID AND LIMIT OF (–)-HYDROX-
µm or finer pore size.YCITRIC ACID LACTONE

AnalysisSolution A:  30% phosphoric acid in water
Sample:  Standard solutionSolvent:  A mixture of Solution A and water (1:9)
Calculate the percentage of citric acid in the portion of Pow-Mobile phase:  Dissolve 1.36 g of anhydrous potassium
dered Garcinia Hydroxycitrate Extract taken:dihydrogen phosphate in 900 mL of water, adjust with Solu-

tion A to a pH of 2.5, complete to 1000 mL with water, mix, Result = (rU/rS) × (CS/CU) × 100filter, and degas.
Standard solution A:  A solution of USP Calcium (–)-Hydrox-
ycitrate RS equivalent to about 2.5 mg/mL of (–)-hydroxycitric
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rU = peak area of citric acid, using the peak area of to about 10 mL. [NOTE—Use a thimble of suitable size such
citric acid from the Sample solution in the test that the volume of alcohol used in the Soxhlet extraction is at
for Content of (-)-Hydroxycitric Acid and Limit of least twice the volume of the thimble.]
(-)-Hydroxycitric Acid Lactone Adsorbent:  Chromatographic silica gel mixture with an aver-

rS = peak area of citric acid from the Standard solution age particle size of 5 µm (HPTLC plates)
CS = concentration of USP Citric Acid RS in the Stan- Application volume:  5 µL, as 8-mm bands

dard solution (mg/mL) Developing solvent system:  Toluene, ethyl acetate, and for-
CU = concentration of Powdered Garcinia Hydroxyci- mic acid (4:1:0.5)

trate Extract in the Sample solution in the test Spray reagent:  A mixture of 1% vanillin in alcohol and 10%
for Content of (-)-Hydroxycitric Acid and Limit of sulfuric acid in alcohol (1:1)
(-)-Hydroxycitric Acid Lactone (mg/mL) Analysis

Acceptance criteria:  NMT 5% of citric acid on the dried Samples:  Standard solution and Sample solution
basis. Apply the samples as bands to a suitable thin-layer chromat-

• IDENTIFICATION TESTS—GENERAL 〈191〉:  Test for the presence of ographic plate (see Chromatography 〈621〉). Use a saturated
calcium, magnesium, potassium, and/or sodium. chamber. Develop the chromatograms until the solvent

• LOSS ON DRYING 〈731〉:  Dry 2.0 g of Powdered Extract at 105° front has moved up about 90% of the length of the plate.
for 3 h: Powdered Extract containing calcium hydroxycitrate Remove the plate from the chamber, dry, spray with the
loses NMT 5.0% of its weight; Powdered Extract containing Spray reagent, heat for 5–10 min at about 105°, and ex-
other salts loses NMT 9.0% of its weight. amine under visible light.

• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP- Acceptance criteria:  The chromatogram of the Sample solu-
PLEMENTS 〈2021〉:  The total aerobic bacterial count does not tion exhibits a main greenish-grey band due to garcinol at an
exceed 104 cfu/g, and the total combined molds and yeasts RF value of approximately 0.6, which corresponds in position
count does not exceed 103 cfu/g. and color to the main band in the chromatogram of the Stan-

• ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE- dard solution. The Sample solution exhibits the following addi-
TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the tional bands: two purple bands, two greenish-grey bands, two
tests for absence of Salmonella species and Escherichia coli. blue bands and a purple band at RF values of approximately

• OTHER REQUIREMENTS:  It meets the requirements of the test for 0.31, 0.34, 0.37, 0.47, 0.54, 0.83, and 0.93, respectively.
Residual Solvents under Botanical Extracts 〈565〉. Other bands may be observed for the Sample solution.

• B.  The Sample solution exhibits a peak for hydroxycitric acid
ADDITIONAL REQUIREMENTS at a retention time corresponding to that of Standard solution
• PACKAGING AND STORAGE:  Preserve in well-closed containers, A, as obtained in the test for Content of (–)-Hydroxycitric Acid

protected from light and moisture, and store at controlled and (–)-Hydroxycitric Acid Lactone. The Sample solution also ex-
room temperature. hibits a peak for hydroxycitric acid lactone. The hydroxycitric

• LABELING:  The label states the Latin binomial and, following acid and the hydroxycitric acid lactone peaks are the main
the official name, the part of the plant from which the article peaks in the Sample solution chromatogram.
was prepared. It meets other Labeling requirements under Bo-
tanical Extracts 〈565〉. COMPOSITION

• USP REFERENCE STANDARDS 〈11〉 • CONTENT OF (–)-HYDROXYCITRIC ACID AND (–)-HYDROXYCITRIC
USP Calcium (–)-Hydroxycitrate RS ACID LACTONE
USP Citric Acid RS Solution A:  30% phosphoric acid in water
USP Powdered Garcinia Hydroxycitrate Extract RS■1S (USP34) Solvent:  A mixture of Solution A and water (1:9)

Mobile phase:  Dissolve 1.36 g of anhydrous potassium
dihydrogen phosphate in 900 mL of water, adjust with Solu-
tion A to a pH of 2.5, complete with water to 1000 mL, mix,

BRIEFING filter, and degas.
Standard solution A:  A solution of USP Calcium (–)-Hydrox-
ycitrate RS equivalent to about 4 mg/mL of (–)-hydroxycitric
acid in Solvent. Before injection, pass through a membraneGarcinia indica.  See briefing under Garcinia cambogia, pub-
filter of 0.45-µm or finer pore size, discarding the first few mLlished elsewhere in this issue of PF.
of the filtrate.

Standard solution B:  8 mg/mL of USP Powdered Garcinia
Hydroxycitrate Extract RS in Solvent. Before injection, pass(DSB: M. Sharaf.) RTS—C87446 through a membrane filter of 0.45-µm or finer pore size.

Sample solution:  Transfer about 5 g of Garcinia indica, finely
powdered, to a 250-mL round-bottom flask fitted with a reflux
condenser. Add 50 mL of Solvent, reflux while stirring on a
water bath for 30 min, set aside to settle, and decant the

Add the following: supernatant. Repeat the extraction using four 50-mL portions
of water, combine all extracts, cool, filter into a 250-mL volu-
metric flask, and complete with water to volume. Before injec-

■Garcinia indica tion, pass through a membrane filter of 0.45-µm or finer pore
size, discarding the first few mL of the filtrate.

Chromatographic systemDEFINITION
 (See Chromatography 〈621〉, System Suitability.)Garcinia indica consists of the dried pericarp of the fruits of
Mode:  LCGarcinia indica (Thouars) Choisy (Fam. Clusiaceae). It contains
Detector:  UV 215 nmNLT 12% of the sum of (–)-hydroxycitric acid and (–)-hydrox-
Column:  4.6-mm × 25-cm; packing L1ycitric acid lactone, on the dried basis.
Column temperature:  25 ± 1°

IDENTIFICATION Flow rate:  1.0 mL/min
• A.  THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 Injection size:  20 µL

Standard solution:  0.5 mg/mL of garcinol in alcohol System suitability
Sample solution:  Transfer about 2.0 g of Garcinia indica, Samples:  Standard solution A, Standard solution B, and Sam-
finely powdered, to a Soxhlet apparatus, add 100 mL of alco- ple solution
hol, and extract for 6 h. Filter and concentrate under vacuum
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[NOTE—The relative retention times for the hydroxycitric acid endocarp is not distinct, consisting of thin-wall collapsed
lactone and hydroxycitric acid peaks are about 0.9 and 1.0, cells, with dark brown content.
respectively.] • LIMIT OF CITRIC ACID

Suitability requirements Solvent:  Prepare as directed in the test for 
The chromatogram obtained for Standard solution B is similar Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid
to the Reference Chromatogram provided with the lot of Lactone.
USP Powdered Garcinia Hydroxcitrate Extract RS being used. Standard solution:  0.5 mg/mL of USP Citric Acid RS in Sol-
Resolution:  NLT 1.0 between the hydroxycitric acid lac- vent. Before injection, pass through a membrane filter of 0.45-
tone and hydroxycitric acid peaks, Sample solution µm or finer pore size, discarding the first few mL of the

Tailing factor:  NMT 2.0 for the hydroxycitric acid peak, filtrate.
Standard solution A Chromatographic system:  Proceed as directed in the test for

Relative standard deviation:  NMT 2.0%, determined Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid
from the hydroxycitric acid peak for replicate injections, Lactone.
Standard solution A Analysis

Analysis Sample:  Standard solution
Samples:  Standard solution A, Standard solution B, and Sam- Calculate the percentage of citric acid in the portion of
ple solution. [NOTE—Standard solution A, Standard solution B, Garcinia indica taken:
and Sample solution are stable for 6 h.]

Result = (rU/rS) × (CS/CU) × 100Calculate the percentages of (–)-hydroxycitric acid and 
(–)-hydroxycitric acid lactone in the portion of Garcinia in-

rU = peak area of citric acid from the Sample solutiondica taken:
in the test for Content of (–)-Hydroxycitric Acid
and (–)-Hydroxycitric Acid LactoneResult = (rU/rS) × (CS/CU) × F × 100

rS = peak area of citric acid from the Standard solution
rU = peak area for the relevant analyte from the Sam- CS = concentration of USP Citric Acid RS in the Stan-

ple solution dard solution (mg/mL)
rS = peak area of hydroxycitric acid from Standard CU = concentration of Garcinia indica in the Sample so-

solution A lution in the test for Content of (–)-Hydroxycitric
CS = concentration of (–)-hydroxycitric acid in Stan- Acid and Limit of (–)-Hydroxycitric Acid Lactone

dard solution A (mg/mL) (mg/mL)
CU = concentration of Garcinia indica in the Sample Acceptance criteria:  NMT 2% of citric acid on the dried basis

solution (mg/mL) • LOSS ON DRYING 〈731〉:  Dry 2.0 g of finely powdered Garcinia
F = conversion factor for each analyte (2.17 for indica at 105° for 3 h: it loses NMT 12.0% of its weight.

(–)-hydroxycitric acid lactone and 1.00 for • ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  Determined
(–)-hydroxycitric acid) on 1.0 g of finely powdered Garcinia indica: NMT 3.0% and

Acceptance criteria:  Add the percentages of (–)-hydroxycitric NMT 8.0% if sodium chloride was added as a preservative
acid and (–)-hydroxycitric acid lactone: NLT 12% is found on during collection of the fruits.
the dried basis. • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-

PLEMENTS 〈2021〉:  The total aerobic bacterial count does not
IMPURITIES exceed 105 cfu/g, the total combined molds and yeasts count
Inorganic Impurities does not exceed 103 cfu/g, and the bile-tolerant Gram-nega-
•  ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT tive bacteria do not exceed 103 cfu/g.

0.5% • ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE-
• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the
Organic Impurities tests for absence of Salmonella species and Escherichia coli
• PROCEDURE 1: ARTICLES OF BOTANICAL ORIGIN, Foreign Organic

Matter 〈561〉:  NMT 2.0% ADDITIONAL REQUIREMENTS
• PROCEDURE 2: ARTICLES OF BOTANICAL ORIGIN, General Method for • PACKAGING AND STORAGE:  Preserve in well-closed containers,

Pesticide Residues Analysis 〈561〉:  Meets the requirements protected from light and moisture, and store at room
temperature.

SPECIFIC TESTS • LABELING:  The label states the Latin binomial and, following
• BOTANIC CHARACTERISTICS the official name, the part of the plant contained in the article.

Macroscopic:  Fresh fruits are globular in shape, 3–4 cm in • USP REFERENCE STANDARDS 〈11〉
diameter, purplish to pinkish orange when ripe, with persis- USP Calcium (–)-Hydroxycitrate RS
tant calyx lobes at the base and flattened radiating sessile USP Citric Acid RS
stigma at the apex; containing 5–8 seeds surrounded by a USP Powdered Garcinia Hydroxycitrate Extract RS■1S (USP34)
succulant aril. Compendial article consists of dried pieces of
pericarp, bluish black, of various size and shapes, flattened,
flexible; remains of pedicels, calyx, and stigma may be pre-
sent; odor charactersitic; taste sour. BRIEFING

Histology
Transverse section of the pericarp:  A layer of epicarp,
composed of isodiametric cells, with thin cuticle and sto- Powdered Garcinia indica.  See briefing under Garcinia
mata; hypodermis consisting of several rows of compactly cambogia, published elsewhere in this issue of PF.
arranged, tangentially elongated, thick-wall cells, containing
dark brown contents, showing narrow irregular elongated
cavities; outer mesocarp consisting of loosely arranged, tan-

(DSB: M. Sharaf.) RTS—C87448gentially elongated, parenchyma cells, few are full of starch
grains, traversed by narrow bands of collapsed cells and oleo-
resin ducts; inner mesocarp consisting of collapsed and com-
pactly arranged cells, showing rows of fibrovascular bundles;
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bath for 30 min, set aside to settle, and decant the superna-Add the following:
tant. Repeat the extraction using four 50-mL portions of
water, combine all extracts, cool, filter into a 250-mL volumet-
ric flask, and complete with water to volume. Before injection,■Powdered Garcinia indica
pass through a membrane filter of 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.DEFINITION

Chromatographic systemPowdered Garcinia indica is Garcinia indica reduced to a fine or
 (See Chromatography 〈621〉, System Suitability.)very fine powder. It contains NLT 12% of the sum of 
Mode:  LC(–)-hydroxycitric acid and (–)-hydroxycitric acid lactone, on the
Detector:  UV 215 nmdried basis.
Column:  4.6-mm × 25-cm; packing L1
Column temperature:  25 ± 1°IDENTIFICATION
Flow rate:  1.0 mL/min• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
Injection size:  20 µLStandard solution:  0.5 mg/mL of garcinol in alcohol

System suitabilitySample solution:  Transfer about 2.0 g of Powdered Garcinia
Samples:  Standard solution A, Standard solution B, and Sam-indica to a Soxhlet apparatus, add 100 mL of alcohol, and
ple solutionextract for 6 h. Filter and concentrate under vacuum to about
[NOTE—The relative retention times for the hydroxycitric acid10 mL. [NOTE—Use a thimble of a suitable size such that the
lactone and hydroxycitric acid peaks are about 0.9 and 1.0,volume of alcohol used in the Soxhlet extraction is at least
respectively.]twice the volume of the thimble.]

Suitability requirementsAdsorbent:  Chromatographic silica gel mixture with an aver-
The chromatogram obtained for Standard solution B is similarage particle size of 5 µm (HPTLC plates)
to the Reference Chromatogram provided with the lot ofDeveloping solvent system:  Toluene, ethyl acetate, and for-
USP Powdered Garcinia Hydroxcitrate Extract RS being used.mic acid (4:1:0.5)
Resolution:  NLT 1.0 between the hydroxycitric acid lac-Spray reagent:  A mixture of 1% vanillin in alcohol and 10%
tone and hydroxycitric acid peaks, Sample solutionsulfuric acid in alcohol (1:1)

Tailing factor:  NMT 2.0 for the hydroxycitric acid peak,Application volume:  5 µL, as 8 mm-bands
Standard solution AAnalysis

Relative standard deviation:  NMT 2.0%, determinedSamples:  Standard solution and Sample solution
from the hydroxycitric acid peak for replicate injections,Apply the samples as bands to a suitable thin-layer chromat-
Standard solution Aographic plate (see Chromatography 〈621〉). Use a saturated

Analysischamber. Develop the chromatograms until the solvent
Samples:  Standard solution A, Standard solution B, and Sam-front has moved up about 90% of the length of the plate.
ple solution. [NOTE—Standard solution A, Standard solution B,Remove the plate from the chamber, dry, spray with Spray
and Sample solution are stable for 6 h.]reagent, heat for 5–10 min at about 105°, and examine
Calculate the percentages of (–)-hydroxycitric acid and under visible light.
(–)-hydroxycitric acid lactone in the portion of PowderedAcceptance criteria:  The Sample solution exhibits a main
Garcinia indica taken:greenish-grey band due to garcinol at an RF value of approxi-

mately 0.6, which corresponds in position and color to the
Result = (rU/rS) × (CS/CU) × F × 100main band in the chromatogram of the Standard solution. The

Sample solution exhibits the following additional bands: two
rU = peak area for the relevant analyte from the Sam-purple bands, two greenish-grey bands, two blue bands, and

ple solutiona purple band at RF values of approximately 0.31, 0.34, 0.37,
rS = peak area of hydroxycitric acid from Standard0.47, 0.54, 0.83, and 0.93, respectively. Other bands may be

solution Aobserved for the Sample solution.
CS = concentration of (–)-hydroxycitric acid in Stan-• B.  The Sample solution exhibits a peak for hydroxycitric acid

dard solution A (mg/mL)at a retention time corresponding to that in the chromato-
CU = concentration of Powdered Garcinia indica in thegram of Standard solution A, as obtained in the test for Content

Sample solution (mg/mL)of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid Lactone. The
F = conversion factor for each analyte (2.17 forSample solution also exhibits a peak for hydroxycitric acid lac-

(–)-hydroxycitric acid lactone and 1.00 fortone. The hydroxycitric acid and the hydroxycitric acid lactone
(–)-hydroxycitric acid)peaks are the main peaks in the Sample solution

Acceptance criteria:  Add the percentages of (–)-hydroxycitricchromatogram.
acid and (–)-hydroxycitric acid lactone: NLT 12% is found on
the dried basis.COMPOSITION

• CONTENT OF (–)-HYDROXYCITRIC ACID AND (–)-HYDROXYCITRIC
IMPURITIESACID LACTONE
Inorganic ImpuritiesSolution A:  30% phosphoric acid in water
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMTSolvent:  A mixture of Solution A and water (1:9)

0.5%Mobile phase:  Dissolve 1.36 g of anhydrous potassium
• HEAVY METALS, Method III 〈231〉:  NMT 20 ppmdihydrogen phosphate in 900 mL of water, adjust with Solu-
Organic Impuritiestion A to a pH of 2.5, complete with water to 1000 mL, mix,
• PROCEDURE: ARTICLES OF BOTANICAL ORIGIN, General Method forfilter, and degas.

Pesticide Residues Analysis 〈561〉:  Meets the requirementsStandard solution A:  A solution of USP Calcium (–)-Hydrox-
ycitrate RS equivalent to about 4 mg/mL of (–)-hydroxycitric SPECIFIC TESTS
acid in Solvent. Before injection, pass through a membrane • BOTANIC CHARACTERISTICS:  Dark brown powder; odor charac-
filter of 0.45-µm or finer pore size, discarding the first few mL teristic; taste sour. Under a microscope, it shows cells contain-
of the filtrate. ing dark brown content; cells containing yellow content, pa-

Standard solution B:  8 mg/mL of USP Powdered Garcinia renchyma cells containing simple and compound starch
Hydroxycitrate Extract RS in Solvent. Before injection, pass granules; fragments of epicarp cells containing stomata; and
through a membrane filter of 0.45-µm or finer pore size. fragments of spiral and annular vessels.

Sample solution:  Transfer about 5 g of Powdered Garcinia in- • LIMIT OF CITRIC ACID
dica to a 250-mL round-bottom flask fitted with a reflux con- Solvent:  Prepare as directed in the test for 
denser. Add 50 mL of Solvent, reflux while stirring on a water Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid

Lactone.
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Standard solution:  0.5 mg/mL of USP Citric Acid RS in Sol- • ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  Determined
vent. Before injection, pass through a membrane filter of 0.45- on 1.0 g of Powdered Garcinia indica: NMT 3.0% and NMT
µm or finer pore size, discarding the first few mL of the 8.0% if sodium chloride was added as a preservative during
filtrate. collection of the fruits.

Chromatographic system:  Proceed as directed in the test for • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric Acid PLEMENTS 〈2021〉:  The total aerobic bacterial count does not
Lactone. exceed 105 cfu/g, the total combined molds and yeasts count

Analysis does not exceed 103 cfu/g, and the bile-tolerant Gram-nega-
Sample:  Standard solution tive bacteria do not exceed 103 cfu/g.
Calculate the percentage of citric acid in the portion of Pow- • ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE-
dered Garcinia indica taken: TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the

tests for absence of Salmonella species and Escherichia coli
Result = (rU/rS) × (CS/CU) × 100

ADDITIONAL REQUIREMENTS
rU = peak area of citric acid from the Sample solution • PACKAGING AND STORAGE:  Preserve in well-closed containers,

in the test for Content of (–)-Hydroxycitric Acid protected from light and moisture, and store at room
and (–)-Hydroxycitric Acid Lactone temperature.

rS = peak area of citric acid from the Standard solution • LABELING:  The label states the Latin binomial and, following
CS = concentration of USP Citric Acid RS in the Stan- the official name, the part of the plant contained in the article.

dard solution (mg/mL) • USP REFERENCE STANDARDS 〈11〉
CU = concentration of Powdered Garcinia indica in the USP Calcium (–)-Hydroxycitrate RS

Sample solution in the test for Content of USP Citric Acid RS
(–)-Hydroxycitric Acid and (–)-Hydroxycitric USP Powdered Garcinia Hydroxycitrate Extract RS■1S (USP34)

 Acid Lactone (mg/mL)
Acceptance criteria:  NMT 2% of citric acid on the dried basis

• LOSS ON DRYING 〈731〉:  Dry 2.0 g of Powdered Garcinia indica
at 105° for 3 h: it loses NMT 12.0% of its weight.
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GENERAL CHAPTERS

General Tests and Assays

OTHER TESTS AND ASSAYS

BRIEFING

h563i Identification of Articles of Botanical Origin,
USP 32 page 189. It is proposed to revise the Botanical Identifi-
cation section to include the use of Scanning Electron Microsco-
py in the identification and authentication of botanicals.

(DSB: M. Sharaf) RTS—C84705

Change to read:

BOTANICAL IDENTIFICATION

The botanical identification of raw plant materials used in the
manufacture of pharmaceuticals, excipients, or dietary supple-
ments consists of ascertaining the macroscopic characteristics
of the plant part, such as root, stem, leaf, flower, fruit, or seed,
used in the manufacture of the article, as well as ascertaining its
histological (microscopic) features. It may also include the in-
spection of organoleptic features of the botanical tissue, such
as the presence or absence of a characteristic odor. Individual
compendial monographs may include botanical information
on possible adulterant species to help ensure their absence in
the raw material. For a proper identification of the plant, plant
organ, or plant tissue, it is necessary to have a basic knowledge
of plant anatomy.

Diagnostic Plant Morphology and Anatomy

This section exclusively addresses the diagnostic morpholog-
ical and anatomical features of vascular plants and the various
plant parts, such as roots, stems, leaves, flowers, fruits, and
seeds, from which pharmaceuticals, excipients, or dietary sup-
plements are derived. Vascular plants include pteridophytes
(ferns and fern allies; for example, genera Aspidium, Equisetum,
and Lycopodium), gymnosperms (seed plants, in which the seed
is not enclosed within a fruit; for example, genera Ephedra,
Gingko, and Pinus), and angiosperms (seed plants, in which
the seed is enclosed within a fruit; for example, genera Allium,
Digitalis, Panax, Matricaria, and Rauwolfia). Anatomical diagnos-
tic features that are specified in an individual monograph (see
Botanic characteristics in individual monographs) may include,
but are not limited to, the presence of a particular tissue within
an organ; the arrangement and type of cells within a tissue; the
presence and type of secretory canal, oil, or resin duct or latic-
ifers within an organ; the number of epithelial cells surrounding
a secretory canal; and the presence and type of ergastic sub-

stances such as starch, inulin, fat globules, essential oils, calcium
oxalate crystals, cystoliths, polyphenols, fluids, or other mate-
rials occurring in the cytoplasm, organelles, vacuoles, cavities,
or cell wall.

ROOTS

The tissues present in young roots, starting with the most ex-
ternal tissue, include an epidermis with root hairs, cortex, endo-
dermis, pericycle, phloem, xylem, and, in some species, pith. In
some species, the outermost layer or layers of cortex are distinct
from the inner layers, in which case they are referred to as a hy-
podermis. In species that undergo secondary growth in the
roots, it is typical for all tissues external to the pericycle to be
sloughed off. Roots that exhibit secondary growth have a peri-
derm or bark, composed of a phellum (cork), phellogen (cork
cambium), and phelloderm as the outermost tissue. Under-
neath the periderm, remnants of primary phloem, secondary
phloem, vascular cambium, primary xylem, and secondary xy-
lem can be found. Secondary vascular tissues have medullary
rays separating clusters of the principal conducting cells of
phloem (sieve elements or sieve cells) and the principal con-
ducting cells of xylem (vessels and tracheids). Most species of
plants that undergo secondary growth lack pith in the root.
The type and arrangement of the principal conducting cells
of the vascular tissues may be diagnostic of the species. Roots
of many species develop into food storage organs. Abundant
parenchyma and large amounts of starch or other polysaccha-
rides characterize these types of roots. The presence, type, and
arrangement of fibers, sclereids, and other tissues, and the pres-
ence and location of ergastic material may also be diagnostic
features. Morphologically, roots may be distinguished from rhi-
zomes (the underground stems) primarily by the absence of
nodes and internodes, which are present in rhizomes.

STEMS

Several external macroscopic features of stems that may be
diagnostic of the species include the attributes of the nodes, in-
ternodes, leaf scars, vascular bundle scars, lenticles, and buds;
the growth pattern of the buds; position and arrangement of
the leaves along the stem; and the presence of tendrils, spines,
thorns, or prickles. Starting with the outermost tissue, the inter-
nal arrangement of tissues in the young stems of most species is
epidermis, cortex, a concentric ring of vascular bundles separ-
ated from each other by parenchymatous medullary rays, and
pith. Depending on the species, stomata or trichomes or both
structures may be present in the epidermis. The cortex of some
species may include a hypodermis or an endodermis or both. In
most monocotyledons, the vascular bundles are not arranged
concentrically; instead they are scattered throughout a mass
of parenchyma tissue internal to the epidermis. Because of this
arrangement, neither cortex, medullary rays, nor pith can be
discerned. In woody plant stems that undergo secondary
growth, it is typical for the epidermis to be sloughed off and
replaced by a periderm composed of a phellum, phellogen,
and phelloderm. Some species are characterized by having
multiple periderms (rhytidome). Lenticles may be present in
the periderm, and their attributes may serve as diagnostic fea-
tures. Underneath the periderm are the remnants of the cortex,
primary phloem, secondary phloem, vascular cambium, and
secondary xylem, and the remnants of primary xylem and pith.
Medullary rays are also present. As in the root, the type and ar-
rangement of the principal conducting cells of the vascular tis-
sues; the presence, type, and arrangement of fibers, sclereids,
and other tissues; and the presence and location of ergastic ma-
terial may also be diagnostic features. Rhizomes may have some
morphological characteristics similar to those of roots and
therefore they may be mistaken for roots. However, rhizomes
can be correctly identified as stems because they have distinct
nodes and internodes.
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LEAVES

Several macroscopic features of leaves that may be diagnos-
tic of the species include the attributes of the leaf blade, petiole,
and stipules and the phyllotaxy. The outermost tissue of a leaf
blade is the epidermis, followed by mesophyll and vascular tis-
sues. Microscopic diagnostic features of epidermal cells include
the cuticle thickness and markings, the shape and arrangement
of stomata and guard cells, the arrangement and size of subsid-
iary cells, stomatal number (number of stomata per unit area),
and stomatal index (number of stomata per unit number of ep-
idermal cells). Additional features useful in the identification of
leaf material include types and arrangement of trichomes (plant
hairs) present; type and arrangement of mesophyll and vascular
tissues; palisade mesophyll ratio; presence and appearance of
accessory tissues such as parenchymatous or sclerenchymatous
bundle sheaths, paraveinal mesophyll, endodermis, and trans-
fusion tissue; type and arrangement of the principal conducting
cells of the vascular tissues; presence, type, and arrangement of
fibers, sclereids, and other tissues; and presence, location, and
physical appearance of ergastic material.

FLOWERS

Flowers are the best diagnostic morphological features of any
flowering plant and the floral structure is the principal criterion
used in plant taxonomy. The diagnostic features of flowers in-
clude type of inflorescence; presence, number, and appearance
of the primary floral parts (sepals, petals, stamens, and carpels);
type of symmetry displayed by the floral parts; relative position
of the ovaries in regards to the other parts of the flower; the
number of ovules per ovary; type of placentation of the ovary;
physical appearance of the pollen grains; presence of nectaries;
presence of covering or glandular trichomes; and physical fea-
tures of accessory structures, such as the receptacle and bracts.
The histological features and the presence of ergastic materials
in the tissues of floral parts are also diagnostic of the species.

FRUITS

The identification of the species of plant from which a fruit
was derived may be determined by observing several macro-
scopic criteria. These criteria include the number of pistils found
in the fruit, the number of carpels within each pistil, the number
of seeds within each carpel, the placentation of the fruit, and
the determination whether the fruit is dehiscent, indehiscent,
or fleshy. Additional diagnostic features include the number
of sutures in a dehiscent fruit, the determination whether the
seeds are fused to or free from the pericarp wall, physical fea-
tures of the three layers of the pericarp of fleshy fruits (epicarp,
mesocarp, and endocarp), and presence and physical appear-
ance of accessory tissues such as the receptacle and bracts. His-
tological features of fruit tissues may aid in identification. The
characteristics of the seeds within the fruit are also diagnostic
features of the species.

SEEDS

The macroscopic features of seeds used in identification in-
clude the shape and size of the seed; appearance of the seed-
coat surface; placement of the hilum and micropyle; and pres-
ence of accessory structures of the seed coat such as arils, ca-
runcle, or oil bodies. Physical features of the embryo such as
its size, shape, position, and the number and appearance of
the cotyledons, as well as the presence and appearance of ac-
cessory nutritive tissues such as the remnants of a megagame-
tophyte (in gymnosperms), perisperm (nucellus), or
endosperm are also diagnostic of the species. Histological fea-
tures of the seed coat and other structures and tissues of the
seed may also be used for species identification.

Microtechnique

Histological analysis of botanical specimens can be per-
formed on whole plant material or plant powder. The use of cy-
tological stain or other reagents may be necessary to visualize
certain histological features. Crossed polarizers can be used to
detect structures that rotate plane-polarized light. These struc-
tures include starch grains, calcium oxalate crystals, some fi-
bers, and grains of sand (present as a contaminant) that can
be observed as bright objects against a dark background.
One polarizer is commonly placed in the condenser or the light
source, and the second polarizer is placed in the ocular. Light
entering the slide from below is plane polarized, permitting on-
ly some light waves in a specific plane to pass through. When
the two polarizers are aligned, the field becomes bright; and
when the two polarizers are crossed, the field becomes dark.

PROCEDURE FOR TEMPORARY MOUNTS AND POWDERED MATERIAL

General Procedure—Plant samples are observed under the
microscope by employing different mounting media, stains, or
other solutions to assist in the correct identification of the test
article. If a USP Authenticated Reference Material is available,
prepare it with the same mounting media or reagent solutions
used for the test article. Place one or two drops of water, Glyc-
erin–Alcohol Solution, Chloral Hydrate Solution, or another re-
agent solution (see Preparation and Use of Reagent Solutions,
Optical Devices, and Mountants) in the center of a clean slide.
Transfer a small plant tissue section or a portion of plant powder
into the mountant or reagent solution, and cover with a clean
coverslip. (For specific preparation techniques, see Preparation
of Temporary Mounts and Hand Sections, Maceration, or Prepara-
tion of Powdered Material, as appropriate.) To prevent the for-
mation of air bubbles, the coverslip may be carefully placed
at an appropriate angle with its edge making the first contact
with the slide and then pressed until it covers the specimen. Us-
ing a piece of filter paper, remove excess fluid from the margin
of the coverslip. Air bubbles can be removed by placing the
slide in a vacuum desiccator. When using chloral hydrate, air
bubbles can be removed by gently boiling the sample over a
small flame such as that from an alcohol lamp. To replace the
mountant or reagent solution, place drops of the new moun-
tant or reagent solution on one edge of the coverslip. Place a
strip of filter paper at the opposite edge of the coverslip to re-
move the old mountant or reagent solution and to cause the
new mountant or reagent solution to be drawn over the pow-
dered material or tissue. Plant oils can be also washed away
from the tissue in this manner, when solvent hexane or acetone
is washed through the slide followed by water and, if necessary,
Chloral Hydrate Solution. Do not use Chloral Hydrate Solution im-
mediately after treating the plant tissue with flammable sol-
vents without thoroughly washing the tissue with water. This
is to avoid setting fire to residual solvent when the microscope
slide is later placed over a small flame to boil the tissue. Care
must be taken when using reagent solutions that are volatile
or corrosive to the microscope. To prevent drying of aqueous
or chloral hydrate solutions during observation, add a small
drop of glycerin to the slide. Observe the mounted sample un-
der an optical microscope (see Optical Microscopy h776i), and
examine for histological features.

Preparation and Use of Reagent Solutions, Optical
Devices, and Mountants—The following reagents, optical
devices, and mounting media are used to assist in the identifi-
cation of cells, tissues, structural features, and ergastic sub-
stances in the tissue or powdered material (see Tables 1 and 2).
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Table 1. The Use of Reagent Solutions
and Optical Devices

Detection
Reagent Solutions and

Optical Devices

Calcium carbonate
concretion

Diluted Acetic Acid

Calcium oxalate
crystals

Crossed Polarizers

Cellulose Carmine Alum–Methyl Green
Solution

Hydriodic Acid
Zinc Chloride–Iodine Solution

Cytoplasm Alcoholic Picric Acid Solution

1,8-Dihydroxyanthra-
quinones

1 M Potassium Hydroxide Solution

Essential oils Osmium Tetroxide Solution
Sudan III Solution

Inulin Naphthol–Sulfuric Acid Solution

Lignin Carmine Alum–Methyl Green
Solution

Phloroglucinol–Hydrochloric Acid
Solution

Universal Reagent

Lipids (cutin, waxes,
and suberin
included)

Carmine Alum–Methyl Green
Solution

Osmium Tetroxide Solution
Sudan III Solution
Universal Reagent

Pectin and mucilage Ruthenium Red Solution
Thionine Solution
Toluidine Blue Solution

Phytoglycogen Ruthenium Red Solution

Protein bodies Alcoholic Picric Acid Solution
Osmium Tetroxide Solution

Saponin Blood–Gelatin Mixture
Iodine–Glycerin Solution (confirm

by testing with Blood–Gelatin
Mixture)

Starch Crossed Polarizers
Iodine Solution
Universal Reagent

Tannins and other
polyphenols

Ferric Chloride Solution
Osmium Tetroxide Solution

Table 2. Bleaching and Clarifying Agents
and Mountants

Use Mountants and Agents

Bleaching Agents Sodium Hypochlorite Solution

Clarifying Agents Chloral Hydrate Solution
Lactochloral Solution
Lactophenol Solution

Mountants Glycerin
Glycerin–Alcohol Solution
Glycerin–Gelatin Mixture
Water

Alcoholic Picric Acid Solution—Prepare a 1% solution of picric
acid in alcohol. Picric acid is useful to stain cells having dense
cytoplasm, such as aleurone cells in seeds. Place a small amount
of powdered plant material in a test tube, and shake with about
1 mL of solvent hexane to remove plant oils, which would in-
terfere with the reaction. Centrifuge, and discard solvent hex-
ane. Soak the plant powder in Alcoholic Picric Acid Solution for
about 30 minutes. Transfer a portion of the powder to a micro-

scope slide, and observe under a microscope: cytoplasm and
protein bodies turn bright yellow. [Caution—Picric acid is explo-
sive when dry. Handle appropriately.]

Blood–Gelatin Mixture—Add 4.5 g of gelatin powder to 100
mL of a 0.9% sodium chloride solution, and allow to swell for
30 minutes. Heat the gel, while stirring, to about 808 in a water
bath. Cool to 408, and add 6 mL of defibrinated bovine blood.
Heat to 458 to 508, and pour onto a microscope slide in a thin
layer of about 1 mm while the slide is in a horizontal position. To
prevent loss of blood-gelatin mixture from the sides, seal the
microscope slide edge with a 1-cm wide adhesive tape to form
a tray. After cooling and solidification, it is ready for use.
[Note—Store in a humid chamber for not more than 1 to 2 days
at 38 to 48.] To test for saponins, place small clusters of the pow-
dered plant material on the blood–gelatin layer, spacing them a
few millimeters apart from each other, transfer to a humidifier
for a few hours, and observe: saponin-containing particles will
cause light-transparent zones to appear in the blood–gelatin.

Carmine Alum–Methyl Green Solution—Boil 1.5 g of carmine
for 30 minutes in a 15% solution of aluminum potassium sul-
fate. Cool, filter, and add 10 mL of a 0.75% methyl green solu-
tion while stirring. Add 1 to 2 drops to plant material: lignin and
suberin turn green and cellulose turns red-violet.

Chloral Hydrate Solution—Use chloral hydrate TS. When using
the solution as a clarifying agent, add a few drops to the plant
material, and boil briefly over a small flame. Chloral hydrate dis-
solves cellular contents and intercellular substances and allows
cell walls and shapes to be easily observed. It can be used to
assist in the identification of cork, fibers, vessels, calcium oxalate
crystals (with the aid of crossed polarizers), trichomes, stomata,
and pollen.

Crossed Polarizers—This optical device is used to detect calci-
um oxalate crystals and starch grains (amyloplasts). In polarized
light, calcium oxalate crystals and starch grains appear as
bright, birefringent objects on a dark background. Starch grains
observed under polarized light will also have a Maltese-cross ef-
fect with the arms of the cross intersecting at the hilum. Calci-
um oxalate crystals are usually best viewed after the sample has
been clarified with Chloral Hydrate Solution or another clarifying
agent.

Diluted Acetic Acid—Add 1 to 2 drops to the plant material,
and immediately observe under a microscope: calcium carbo-
nate deposits dissolve with effervescence.

Ferric Chloride Solution—Dilute 1 mL of ferric chloride TS with
9 mL of water. For the detection of phenol hydroxyl groups,
such as tannins and flavonoids, from the side of the coverslip
add the solution to the aqueous sample: tannins and other
polyphenols become blue-black to green.

Glycerin—Use as a mountant to prevent the drying of aque-
ous and chloral hydrate solutions.

Glycerin–Alcohol Solution—Mix equal volumes of glycerin and
alcohol. Use as a mounting medium.

Glycerin–Gelatin Mixture—Add 10.0 g of powdered gelatin to
60 mL of water. Allow to stand for 2 hours, and add 70 mL of
glycerin containing 1.5 g of dissolved phenol. Heat in a water
bath, and filter through a preheated funnel containing glass
wool. The filtered mixture is liquefied before use, and it serves
as a mounting medium. Add a few drops to the cut or pow-
dered plant material, and cover with a heated coverslip. This
preparation is used for long-term storage of specimen mounts.
The margins of the coverslip may be sealed with Canada balsam
after a few months of drying.

Hydriodic Acid—Add 1 to 2 drops to plant material: cellulosic
cell walls become blue to blue-violet.

Iodine Solution—Add 1 to 2 drops of 0.1 N iodine VS to the
plant material: starch particles become dark-blue to blue-violet;
this reaction is reversible on heating. [Note—Proteins, lipids,
and cellulose turn yellow to brown; and guaiac powder parti-
cles become green to blue, but this reagent is not used for di-
agnostic identification of these features.]

Iodine–Glycerin Solution—Dissolve 0.3 g of iodine and 1.0 g of
potassium iodide in a small quantity of water, and add 10 mL of
a mixture of glycerin and water (1 : 1). Add 1 to 2 drops to the
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powdered plant material: samples containing saponins form
yellow lumps or aggregates. If a sample tests positive for sapon-
in, the result has to be confirmed by testing the sample with
Blood–Gelatin Mixture as well.

Lactochloral Solution—Dissolve 50.0 g of chloral hydrate in 50
mL of lactic acid with gentle heating. Add a few drops to the
plant material. Place the microscope slide in a small vacuum de-
siccator if it is necessary to eliminate air bubbles. Chloral Hydrate
Solution and Lactochloral Solution are used for the same type of
identification, except that Lactochloral Solution is a stronger clar-
ifying agent and it is used for plant material that is more difficult
to clarify.

Lactophenol Solution—Mix 20 g of lactic acid, 40 g of glycerin,
and 20 mL of water. Add 20 g of phenol, and mix. This is a
strong clarifying agent suitable for the examination of pollen
grains.

Naphthol–Sulfuric Acid Solution—Prepare a 20% solution of 1-
naphthol in alcohol. To plant material add 1 drop of 1-napthol
solution and 1 drop of sulfuric acid: inulin crystals turn brown-
ish red and then dissolve.

Osmium Tetroxide Solution—Dissolve 0.1 g of osmium tetrox-
ide in 5 mL of distilled water. Add 1 to 2 drops of the solution so
obtained to plant material: essential oils, fatty oils and other lip-
ids, tannins, and protein bodies become brown to black.

Phloroglucinol–Hydrochloric Acid Solution—This solution is
used for the identification of lignin and other hydroxyphenyl-
propane derivatives, lignified tissues such as sclereids, vessels,
fibers, and stone cells, and lignified parenchyma. Moisten the
powder or the cut sample with phloroglucinol TS, and allow
to dry for 2 to 3 minutes before placing the coverslip. Add a
few drops of a 25% hydrochloric acid solution, and cover with
the coverslip. Lignified cell walls turn carmine red. [Note—This
stain is not stable.] Cells with hydroxyphenylpropane deriva-
tives, such as vanillin and ferulic acid, also turn red. Alterna-
tively, hydroxyphenylpropane derivatives can be extracted
from the plant material and the plant material then examined.
To extract hydroxyphenylpropane derivatives repeatedly im-
merse the untreated material in alcohol, mix on a vortex mixer,
centrifuge, and discard the alcohol between washings. Then
treat the plant material as specified above, beginning with
the addition of phloroglucinol TS.

1 M Potassium Hydroxide Solution—Add 1 drop to plant mate-
rial: cells containing 1,8-dihydroxyanthraquinones will stain
red.

Ruthenium Red Solution—Add a few drops of ammonium hy-
droxide to ruthenium red TS. [Note—Store the solution pro-
tected from light.] Add 1 to 2 drops to plant material: pectin-
containing cell membranes, acidic mucilage, and phytoglyco-
gen turn red.

Sodium Hypochlorite Solution—This solution is used to bleach
deeply colored sections. Immerse the plant material in the so-
lution for a few minutes until sufficiently bleached. Wash the
tissue with water, and mount with a suitable mounting agent.
[Note—Sodium hypochlorite will extract lignin; plant tissue so
treated will test negative for lignin.]

Sudan III Solution—Dissolve 0.5 g of Sudan III in 50 mL of al-
cohol or isopropyl alcohol with reflux boiling. Cool, filter, and
add 50 mL of glycerin. Add 1 to 2 drops of this solution to plant
powder: essential oils, waxes, cutin, suberin, and fatty oils and
other lipids combine with this lipophilic colorant and become
orange-red to red after a short time.

Thionine Solution—Prepare a 0.2% thionine acetate solution
in 25 percent alcohol. Immerse the dry sample in this solution.
After about 15 minutes, wash out the excess of stain with 25
percent alcohol: mucilage will have swollen into spherical glob-
ules and turned red-violet, while cellulose, pectin, and lignified
septa will turn blue or blue-violet.

Toluidine Blue Solution—Using toluidine blue, proceed as di-
rected for Thionine Solution.

Universal Reagent—
SOLUTION A—Dilute 20 mL of a lactic acid-saturated solution of

Sudan III with 30 mL of lactic acid.

SOLUTION B—Dissolve 0.55 g of aniline sulfate in 35 mL of wa-
ter.

SOLUTION C—Dissolve 0.55 g of potassium iodide and 0.05 g
of iodine in 5 mL of water, and add 5 mL of alcohol.

PROCEDURE—Combine Solution A, Solution B, and Solution C,
and add 2.5 mL of hydrochloric acid while stirring. [Note—
The solution is used without filtering.] For identification, add
2 to 3 drops to the sample, and gently boil over a small flame.
If necessary, small amounts of Universal Reagent may be added
during boiling. Cover with the coverslip: lignified elements turn
yellow; suberin turns red-brown; lipids turn red; and starch
turns blue-violet.

Water—Use as a mounting medium. [Note—All grades of wa-
ter are acceptable for this purpose.]

Zinc Chloride–Iodine Solution—Dissolve 20.0 g of zinc chloride
and 6.5 g of potassium iodide in 10.5 mL of water. Add 0.5 g of
0.1 N iodine VS, and shake for 15 minutes. Filter if necessary.
Store in low-actinic glassware. Add 1 to 2 drops to plant mate-
rial, and allow to stand for a few minutes: cellulosic cell walls are
stained blue to blue-violet.

Preparation of Temporary Mounts and Hand Sec-
tions—When using the dry plant tissue, soak or gently boil in
water until soft. Do not soften too much. Material can then be
treated like fresh plant material. When appropriate, use the
mountants or reagent solutions listed for use with plant powder
to help visualize features of the tissue (see Preparation and Use of
Reagent Solutions, Optical Devices, and Mountants).

To make an epidermal peel of the leaf, petal, sepal, bract, and
other leaf-like appendages, roll the tissue into a cylinder, and
nick with a sharp, polytef-coated razor blade that has been wet-
ted with water. Grasp nicked piece of tissue with forceps, and
strip back removing a clear section of the epidermis. Mount in
water on a microscope slide, place a coverslip over the tissue,
and examine under a microscope. If it is difficult to obtain an
epidermal peel using the above procedure, proceed as follows.
Soak the tissue in a 40% to 60% nitric acid solution at 608 for 3
to 4 minutes or until the epidermis can be easily peeled. The
peel is then washed three to five times in water to remove
the excess of nitric acid. Neutralize the tissue in a 1% potassium
hydroxide solution or a 1% sodium hydroxide solution. Wash
the tissue again with water, mount in water on a microscope
slide, place a coverslip over the tissue, and examine under a mi-
croscope.

An alternative method of preparing leaf tissue for the exam-
ination of the epidermis is to heat a leaf fragment (about 5 mm
6 5 mm) for 15 minutes in Chloral Hydrate Solution on a water
bath. Transfer the tissue to a microscope slide, add a drop of
water, and cover with a coverslip. These procedures can be
used to determine the stomatal type, distribution, number,
and index.

Stomatal number is determined by counting the number of
stomata per unit area of a microscopic field. Determine the sto-
matal number on at least 10 different sites of the specimen, and
calculate a mean value. Keep track of which leaf surface is being
observed, abaxial or adaxial, as the stomatal number for differ-
ent surfaces is frequently significantly different.

To calculate the stomatal index, the specimen is observed un-
der a microscope at a low magnification. The size of the surface
is determined with a calibrated micrometer ocular, and the
number of stomata and the number of epidermal cells for that
area are determined. The stomatal index is calculated by the
formula:

100S/(E + S)

in which S is the number of stomata for a given area; and E is the
number of epidermal cells of the same area. Determine the sto-
matal index on at least 10 different sites of the specimen, and
calculate a mean value. Again, keep track of which leaf surface is
being observed, abaxial or adaxial, as the stomatal indices for
different surfaces is frequently significantly different.

To make a cross section of a leaf or thin roots, stems, or other
thin appendages, lay the appendage to be sectioned on a mi-
croscope slide. Place another microscope slide over the ap-
pendage with a portion of the tissue exposed. Using a sharp,
polytef-coated razor blade that has been wetted, cut straight
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down along the edge of upper slide. Without moving the upper
slide, cut down again with the razor blade at an angle. Some
practice may be necessary for one to be able to get sections thin
enough so that when they are mounted and covered with a
coverslip, these sections can be used to determine tissue ar-
rangements (for instance, the number of palisade layers in leaf,
thickness of cuticle, types of trichomes, types of vascular bun-
dles, and the like). Because razor blades dull quickly, they have
to be replaced frequently.

Use the cross section of leaf tissue so obtained to determine
the palisade mesophyll ratio. Alternatively, boil leaf fragments of
about 2 mm2 in Chloral Hydrate Solution, mount, cover with a
coverslip, and observe under a microscope. Identify groups of
four adaxial epidermal cells, and count the palisade mesophyll
cells that are lying below and are at least 50% covered by the
epidermal cells. This value divided by 4 is the palisade meso-
phyll ratio. Determine the palisade mesophyll ratio of at least
10 groups of epidermal cells, and calculate a mean value. Pali-
sade mesophyll ratio can also be determined on powdered leaf
material.

To make a cross section of thick stems, roots, or other plant
parts, including woody tissues, hold the tissue in one hand and
using a sharp, polytef-coated razor blade that has been wetted
with water, shave a cross section from the appendage. Mount
in water, another medium, or reagent solution, place a cover-
slip over the material, and examine under a microscope. Sec-
tions thin enough to determine vascular tissue arrangement,
ray type, parenchyma distribution, presence of crystals, and
the like can usually be made with a little practice.

Maceration—It is sometimes necessary, for the proper iden-
tification of a plant material, to macerate the tissue into its in-
dividual cells before microscopic examination. This can be an
especially useful technique for woody or other hard tissues.
The material is cut into small pieces of about 2-mm thickness
and 5-mm length or sliced into pieces of about 1-mm thickness.
Depending on the nature of the cell wall, one of the following
methods is used. For hard or highly lignified tissues, use Method
I. For tissues that are not extensively lignified, use Method II.

Method I—
SOLUTION A—Use 4 N nitric acid solution.
SOLUTION B—Prepare a mixture of 1.2 M chromium trioxide

solution and sulfuric acid (7 : 4).
PROCEDURE—Place the plant material in a test tube containing

about 5 mL of a mixture of Solution A and Solution B (1 : 1). Heat
in a water bath for 20 minutes. Wash the tissue repeatedly with
water, and transfer to a microscope slide. Tease tissue apart with
dissecting needle, add 1 to 2 drops of mountant, cover with a
coverslip, and examine under a microscope. If necessary, cells
can be further separated from each other by pressing down
on the coverslip with a gentle, sliding motion. The macerated
tissue will test negative for lignin.

Method II—
PROCEDURE—Place the plant material in a test tube containing

about 5 mL of 2 M potassium hydroxide solution. Heat in a wa-
ter bath for 30 minutes. Wash the tissue repeatedly with water,
and transfer to a microscope slide. Add 1 to 2 drops of moun-
tant. Place a coverslip over the tissue, press down, squashing
the tissue, and examine under a microscope. The macerated tis-
sue will test negative for lignin.

Preparation of Powdered Materials—Place one or two
drops of water, another mountant, or a reagent solution in
the center of a clean slide. Moisten the tip of a dissecting needle
with water, and dip into the powder under test. Transfer a small
amount of material that adheres to the needle into the fluid on
the slide, and stir thoroughly and carefully. Cover with a clean
coverslip. Because the arrangement of the tissue structures
within the plant tissue has been destroyed, the important fea-
tures for observation of the powdered plant material are the
chemical and physical features of tissues and cell types, as well
as the presence and chemical and physical features of ergastic
substances. The specific tissues, cells, and ergastic substances to
be examined are specified in the individual monograph.

PROCEDURE FOR THIN, PERMANENT MOUNTS

When it is necessary to reveal detailed histological features of
a plant specimen, thin tissue sections have to be obtained. The
sections need to be thin enough to transmit light and they have
to be cut in such a plane that the desired features are exposed.
The plant material is properly killed, fixed, dehydrated, and em-
bedded in paraffin or other embedding media. The embedding
medium is used as a solid-support matrix during tissue section-
ing. After sectioning and mounting, staining of the specimen is
frequently performed to aid in the differentiation of certain
structures. [Note—The process of fixing, dehydration, embed-
ding, and staining can be significantly expedited by utilizing a
microwave oven specifically designed for histological work.]

Killing and Fixation—As a first step in preparing plant ma-
terial for sectioning, living cells are killed, and the tissue is pre-
served. This is most frequently done by employing a chemical
fixative. A good general purpose fixative for plant material is a
mixture of formaldehyde, acetic acid, and alcohol (FAA).

FAA Solution—Mix 50 mL of alcohol, 5 mL of glacial acetic ac-
id, 10 mL of formaldehyde solution, and 35 mL of water.
[Note—Periodically prepare fresh solution, as it loses effective-
ness with storage.]

Procedure—Completely immerse the plant material in FAA So-
lution. Allow the material to remain immersed for 18 to 24
hours at room temperature. Plant material can be kept indefi-
nitely in FAA Solution, as long as it remains completely immersed
and is not allowed to dry out. Certain plant tissues may require
vacuum infiltration to facilitate the penetration of the fixative.
Vacuum infiltration is required if the tissue has abundant air
spaces or epidermal hairs or if it floats on top of the fixative so-
lution. Place the tissue in a small vial containing the fixative.
Place the uncapped vial into a bell jar or desiccator that is con-
nected to a vacuum source, preferably an oil-sealed vacuum
pump. The vacuum is vented into a fume hood to prevent fix-
ative vapors from filling the room. Slowly turn on the vacuum.
Do not use a strong vacuum because the fixative may start to
boil and damage the tissue. As residual air is pulled from the
tissue, it will rise to the surface. Turn the vacuum on and off
through several cycles until the tissue stays at the bottom of
the container during an ‘‘on’’ cycle.

Tissue Dehydration—Paraffin and other embedding me-
dia are hydrophobic; thus, water must be removed from the
plant tissue after fixation. This is accomplished by immersing
the fixed tissue in dehydration solutions, which are a series of
mixtures of alcohol and water with increasing alcohol concen-
tration. The final solution in the series is dehydrated alcohol. Be-
gin by washing the fixed tissue once or twice with fresh 50
percent alcohol to remove traces of FAA. Remove this solution,
and subsequently remove any other dehydration solution, by
decanting the solution or removing it with the aid of a glass pi-
pet. Add the first dehydration solution (70 percent alcohol) to
the vial, completely immersing the tissue. The graded alcohol-
water series and the suggested times for tissue immersion are as
follows.

Dehydration Solution
Time

(hours)

50 percent alcohol 1–2

70 percent alcohol 1–2

90 percent alcohol 1–2

95 percent alcohol 1–2

Dehydrated alcohol containing 0.1% of
safranin O 2–4

Dehydrated alcohol 1

Safranin O is added to the penultimate dehydration solution
in the series to visualize the tissue when it is has become embed-
ded in paraffin. If the tissue to be sectioned is hard or woody,
the time for each step in the series may need to be increased to
up to 24 hours. If necessary, the tissue can be stored for several
days in 70 percent alcohol or in solutions of even higher alcohol
concentrations.
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Embedding—
Preparation for Embedding—
ALCOHOL REMOVAL—Paraffin is the most common embedding

medium, although other embedding media are available. After
dehydration, alcohol is removed from the tissue by using a
graded series of dehydrated alcohol–xylene solutions, because
paraffin is not soluble in alcohol. The graded dehydrated alco-
hol–xylene series and the suggested times for tissue immersion
are as follows.

Alcohol Removal Solution
Time

(hours)
A mixture of dehydrated alcohol and

xylene (3 : 1)
1

A mixture of dehydrated alcohol and
xylene (1 : 1)

1

A mixture of dehydrated alcohol and
xylene (1 : 3)

1

Xylene 1

Xylene 1

XYLENE REMOVAL—Once xylene has completely replaced alco-
hol, paraffin is added slowly to infiltrate the tissue and remove
xylene. Proceed as follows:
1. For each mL of xylene add about 1 paraffin chip to the tis-

sue vial, cap, and allow to stand at room temperature for 4
hours. Add additional paraffin chips until no more chips
dissolve.

2. Place tissue in an oven maintained at 428 to 458. Add 2 to 3
paraffin chips every hour until no more chips dissolve at
that temperature.

3. Pour off one-third of the volume, and replace with an equal
volume of melted paraffin. Do not cap, and transfer vial to
an oven maintained at 588 to 608.

4. After the paraffin remelts (about 4 hours later) pour off
one-half of the volume, and replace with equal volume of
melted paraffin. Transfer vial to the oven maintained at 588
to 608 if paraffin begins to solidify.

5. Repeat step 4 twice more, then pour off the entire volume
of paraffin–xylene. Replace with pure melted paraffin.
About 4 hours later, pour off paraffin, and replace with
fresh pure melted paraffin. Repeat the pouring off and re-
placement 4 hours later, and allow to stand overnight.
[Note—Transfer vial to the oven maintained at 588 to
608 if paraffin begins to solidify at any point.]

Embedding Procedure—Pour the tissue with the paraffin to an
embedding boat. Paraffin has to completely cover the tissue by
about 3 to 5 mm. Place the embedding boat on top of a pre-
heated warming platform that is designed for histology work.
Adjust the tissue in the boat to its proper orientation for section-
ing. Slowly cool the paraffin by sliding the boat down to the
cool side of the platform until the paraffin has solidified. Im-
merse the paraffin block in ice water to rapidly cool the block
and to prevent paraffin crystals from forming. Store the paraffin
block at 48.

Sectioning and Mounting—Cut the paraffin block into
pieces, each containing one tissue sample. Trim the paraffin
block, as close to the tissue mass as possible, to form a rectangle
or a slight trapezoid. Such trimming will prevent sectioning
problems due to excess paraffin around the tissue. To make
transverse sections, orient the tissue at a right angle to a wood-
en tissue block whose face has been soaked in melted paraffin.
Affix the paraffin block to the face of the tissue block. Add a
small amount of melted paraffin to the base of the paraffin
block to help form a tighter seal. Cool the block to 48.

Properly mount and adjust the tissue and paraffin block in a
microtome. Use a sharp stainless-steel microtome knife that has
been properly honed. Set the microtome to cut sections 8 to
15mm thick (10-mm thickness is optimal for most tissues). Cut
individual or serial sections. Prepare a microscope slide as fol-
lows. An adhesive may be prepared as a solution containing
1% of gelatin and 0.5% of sodium benzoate that is heated to
308 to 358 to dissolve the gelatin. Smear a thin film of the ad-

hesive so obtained onto the slide, allow to dry, rinse with a 4%
solution of formaldehyde TS, and add a small amount of water.
Plate the cut sections upside down on the slide, so that they
float on water, and flood with a 4% solution of formaldehyde
TS. The sections will immediately spread out and wrinkles will
disappear.

Place the slide on a warming platform, maintained at 428, to
relax the sections. Pipet, and blot the excess water and formal-
dehyde solution. Dry overnight in an oven at 428 to ensure ad-
herence of the tissue section to the slide.

Staining—
Preparation for Staining—Immerse the microscope slide with

the affixed tissue twice into xylene, each time for 10 to 15 min-
utes, to remove paraffin. Then immerse the slide into several
solutions, leaving it in each solution for 5 minutes and taking
care not to dislodge the tissue, the following sequence of solu-
tions being used: a mixture of dehydrated alcohol and xylene
(1 : 1), dehydrated alcohol, alcohol, and a 70 percent alcohol
solution. The tissue is bleached prior to staining if it is opaque
because of the presence of tannins or other ergastic materials.
To bleach, dip the slide into a 1% potassium permanganate so-
lution for 1 minute, rinse with water, dip into a 5% oxalic acid
solution for 1 minute, and rinse thoroughly with water. The ma-
terial is ready for staining. One of the following two staining
procedures is recommended for most botanical identification
work. The first staining procedure uses safranin O counter-
stained with fast green. An alternative staining procedure uses
safranin O counterstained with orange G.

Safranin O–Fast Green Staining—
SAFRANIN O STAINING SOLUTION—Prepare a mixture of methoxy-

ethanol, dehydrated alcohol, water, and formaldehyde solution
(50 : 25 : 25 : 2). Add a sufficient quantity of sodium acetate to
obtain a solution containing 1% of sodium acetate, and mix.
Add a sufficient quantity of safranin O to obtain a solution con-
taining 1% of safranin O, and mix.

FAST GREEN STAINING SOLUTION—Prepare a mixture of methoxy-
ethanol, dehydrated alcohol, and methyl salicylate (1 : 1 : 1)
containing 0.05% of fast green FCF.

PROCEDURE—Once the tissue has been rehydrated to 70 per-
cent alcohol as described under Preparation for Staining, im-
merse for 2 to 24 hours, depending on the tissue, in Safranin
O Staining Solution. Remove excess stain by immersing the slide
in water several times. Transfer slide to an alcohol solution con-
taining 0.5% of picric acid for 2 to 10 seconds to further re-
move excess sta in from the sect ion and to ass ist in
differentiation of the tissue structures. To stop the action of
the picric acid, transfer slide for 10 seconds to 1 minute to an
alcohol solution containing 4 drops of ammonium hydroxide in
each 100 mL of alcohol. Transfer slide to dehydrated alcohol for
10 seconds. Visually inspect the stained tissue under a micro-
scope to see if further destaining with picric acid is necessary.
Counterstain for 10 to 15 seconds in Fast Green Staining Solu-
tion. Transfer slide through two changes of a mixture of methyl
salicylate, dehydrated alcohol, and xylene (2 : 1 : 1), each
change lasting for 5 to 10 seconds. Then transfer slide to a mix-
ture of xylene and dehydrated alcohol (95 : 5) for 1 minute.
Transfer through two changes of xylene. Store in xylene until
ready to mount the coverslip. Chromosomes, nuclei, and ligni-
fied, cutinized, or suberized cell walls will be stained red. Cyto-
plasm and cellulosic cell walls will be stained green to blue,
depending on the pH of the tissue.

Safranin O–Orange G Staining—
SAFRANIN O STAINING SOLUTION—Prepare a 0.004% solution of

safranin O.
ORANGE G STAINING SOLUTION—Dissolve 2 g of orange G, 5 g of

tannic acid, and 4 drops of hydrochloric acid in water, and di-
lute with water to 100 mL.
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PROCEDURE—Once the tissue has been rehydrated to 70 per-
cent alcohol as described under Preparation for Staining, se-
quentially transfer slide through the following series of
solutions.

Solution Time

35 Percent alcohol 5 minutes

A filtered 2% zinc chloride solution 1 minute

Water 5 seconds

Safranin O Staining Solution 5 minutes

Water 5 seconds

Orange G Staining Solution 1 minute

Water 5 seconds

A filtered 5% tannic acid solution 5 minutes

Water 3 seconds

A 1% ferric ammonium sulfate solution 2 minutes

Water 15 seconds

45 Percent alcohol 10 seconds

90 Percent alcohol 10 seconds

Dehydrated alcohol 10 seconds

A mixture of dehydrated alcohol and
xylene(1 : 1)

1 to 2 minutes

Finally, store in xylene until ready to mount the coverslip. Cel-
lulosic cell walls will stain blue-black, nuclei will stain yellow,
starch grains will stain black, and lignified cell walls will stain
red.

Mounting the Coverslip—The mounting of a coverslip
over the tissue completes the preparation of the slide. Canada
balsam, diluted with a small portion of xylene, can be used as
an adhesive. Other mountants are also commercially available.
Upon drying of the mountant, the slide can then be examined
under a microscope. The entire process of making permanent
microscope slides can be expected to take 5 or more days.

&Scanning Electron Microscopy—Botanicals in com-

merce are often encountered in the form of powder or in

pieces, thus making authentication by routine method of

cross-sectioning of the article difficult and often impossi-

ble. Structures such as xylem vessels and trachids may be

broken into smaller bits making detection of pitting and

lignifications on the walls difficult if not impossible using

an optical microscope. Structures which are resistant to

these processes are most useful in identification. Scan-

ning electron microscopy (SEM) is useful for characteriz-

ing the size and morphology of microscopic specimens.

The more detailed differential characteristics in the struc-

ture of trichomes, peculiar elements in the epidermis,

along with superficial granular material containing spe-

cific compounds, can be observed and identified with

SEM, which assists in the identification of particular spe-

cies. SEM has been used extensively to investigate surface

topology of a wide variety of plant materials. It can play a

vital role in authentication of an entire botanical, those in

powder form, distinguishing between closely related

species, and can be used to examine a mixture of pow-

ders.

Introduction and general information about SEM as

applied to pharmacopeial articles can be found in USP

general chapter Scanning Electron Microscopy h1181i.

SEM produces a higher resolution compared to that

possible using an optical microscope, and the images ob-

tained are three-dimensional. SEM has the advantage of

providing images with large depth of field, which allows

a substantial thickness of the sample to be in focus at one

time. It allows the analysis of specimens as large as 50

mm, making it possible to produce detailed topograph-

ical electron micrographs of an object clearly visible to

the naked eye. The maximum resolution for SEM (mini-

mum distance by which the two objects can be separ-

ated and observed as distinct objects) is 10 to 20 nm

compared to 200 to 300 nm for optical microscopy. Typ-

ical SEM magnification ranges from 610 to 6300,000.

Commercial SEM instruments also are available with

magn ifica t ions as low as 65 and as h igh as

62,000,000. In comparison, typical modern optical mi-

croscopes have a magnification range of 610 to 62000.

At low magnification, images obtained with SEM provide

more information than those of optical microscopy. SEM

can produce images for which contrast is based on com-

positional variations of specimens. Although SEM typical-

ly yields black and white images, attempts have been

made to use low-vacuum SEM to insulate specimens

without a metal coating in order to preserve the color in-

formation on their surfaces.&1S (USP34)
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Physical Tests and
Determinations

BRIEFING

h797i Pharmaceutical Compounding—Sterile Prep-
arations, USP 32 page 318. As a result of frequently asked
questions from compounding practitioners and continuous re-
assessment of the chapter by the USP Sterile Compounding Ex-
pert Committee, the following sections contain revisions:
Immediate-Use CSPs, Hazardous Drugs as CSPs, Radiopharmaceu-
ticals as CSPs, and the subsection Viable and Nonviable Environ-
mental Air Sampling Testing of Environmental Quality and Control.
Two additional definitions have also been requested.

(SCC: S. Becker) RTS—C86118; C40936; C42827;
C43135; C44029; C52657; C54723; C58037; C61270;
C62478; C62987; C63092; C65585; C64233; C66623;
C67219; C69714; C72116; C72332; C73270; C74455

Change to read:

DEFINITIONS

Ante-Area—An ISO Class 8 (see Table 1) or better area
where personnel hand hygiene and garbing procedures, stag-
ing of components, order entry, CSP labeling, and other high-
particulate-generating activities are performed. It is also a tran-
sition area that (1) provides assurance that pressure relation-
ships are constantly maintained so that air flows from clean
to dirty areas and (2) reduces the need for the heating, venti-
lating, and air-conditioning (HVAC) control system to respond
to large disturbances.1

Aseptic Processing (see Microbiological Evaluation of Clean
Rooms and Other Controlled Environments h1116i)—A mode of
processing pharmaceutical and medical products that involves
the separate sterilization of the product and of the package
(containers–closures or packaging material for medical devices)
and the transfer of the product into the container and its clo-
sure under at least ISO Class 5 (see Table 1) conditions.

&Aseptic Technique—Specific personnel practices, be-

ginning with proper hand hygiene (see Personnel Cleans-

ing and Garbing in this chapter), which prevent the

introduction of pathogenic miroorganisms when prepar-

ing compounded sterile preparations.2&1S (USP34)

Beyond-Use Date (BUD) (see General Notices and Require-
ments and Pharmaceutical Compounding—Nonsterile Prepara-
tions h795i)—For the purpose of this chapter, the date or
time after which a CSP shall not be stored or transported. The
date is determined from the date or time the preparation is
compounded.

Biological Safety Cabinet (BSC)—A ventilated cabinet for
CSPs, personnel, product, and environmental protection hav-
ing an open front with inward airflow for personnel protection,
downward high-efficiency particulate air (HEPA)-filtered lami-
nar airflow for product protection, and HEPA-filtered exhausted
air for environmental protection.

Buffer Area—An area where the primary engineering con-
trol (PEC) is physically located. Activities that occur in this area
include the preparation and staging of components and sup-
plies used when compounding CSPs.

Clean Room (see Microbiological Evaluation of Clean Rooms
and Other Controlled Environments h1116i and also the defini-
tion of Buffer Area)—A room in which the concentration of air-
borne particles is controlled to meet a specified airborne
particulate cleanliness class. Microorganisms in the environ-
ment are monitored so that a microbial level for air, surface,
and personnel gear are not exceeded for a specified cleanliness
class.

Compounding Aseptic Containment Isolator
(CACI)—A compounding aseptic isolator (CAI) designed to
provide worker protection from exposure to undesirable levels
of airborne drug throughout the compounding and material
transfer processes and to provide an aseptic environment for
compounding sterile preparations. Air exchange with the sur-
rounding environment should not occur unless the air is first
passed through a microbial retentive filter (HEPA minimum) sys-
tem capable of containing airborne concentrations of the phys-
ical size and state of the drug being compounded. Where
volatile hazardous drugs are prepared, the exhaust air from
the isolator should be appropriately removed by properly de-
signed building ventilation.

Compounding Aseptic Isolator (CAI)—A form of isolator
specifically designed for compounding pharmaceutical ingredi-
ents or preparations. It is designed to maintain an aseptic com-
pounding environment within the isolator throughout the
compounding and material transfer processes. Air exchange in-
to the isolator from the surrounding environment should not
occur unless the air has first passed through a microbially reten-
tive filter (HEPA minimum).3

Critical Area—An ISO Class 5 (see Table 1) environment.
Critical Site—A location that includes any component or

fluid pathway surfaces (e.g., vial septa, injection ports, beakers)
or openings (e.g., opened ampuls, needle hubs) exposed and
at risk of direct contact with air (e.g., ambient room or HEPA
filtered), moisture (e.g., oral and mucosal secretions), or touch
contamination. Risk of microbial particulate contamination of
the critical site increases with the size of the openings and ex-
posure time.

Direct Compounding Area (DCA)—A critical area within
the ISO Class 5 (see Table 1) primary engineering control (PEC)
where critical sites are exposed to unidirectional HEPA-filtered
air, also known as first air.

Disinfectant—An agent that frees from infection, usually a
chemical agent but sometimes a physical one, and that de-
stroys disease-causing pathogens or other harmful microorga-
nisms but may not kill bacterial and fungal spores. It refers to
substances applied to inanimate objects.

First Air—The air exiting the HEPA filter in a unidirectional
air stream that is essentially particle free.

Hazardous Drugs—Drugs are classified as hazardous if stu-
dies in animals or humans indicate that exposures to them have
a potential for causing cancer, development or reproductive
toxicity, or harm to organs. (See current NIOSH publication.)

Change to read:
1 See American Society of Heating, Refrigerating and Air-Con-
ditioning Engineers, Inc. (ASHRAE), Laboratory Design Guide.
&2 Adapted from James E. Akers, Jr., Chapter 57—An Overview
of Facilities for the Control of Microbial Agents, p. 1123, Disin-
fection, Sterilization, and Preservation, 5th Ed., SS Block, editor,
2001, Lippincott Williams & Wilkins, Philadelphia, PA.&1S (USP34)

3 CETA Applications Guide for the Use of Compounding Isolators in Com-
pounding Sterile Preparations in Healthcare Facilities, CAG-001-2005,
Controlled Environment Testing Association (CETA), November 8,
2005.
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Labeling [see General Notices and Requirements and 21 USC
321 (k) and (m)]—A term that designates all labels and other
written, printed, or graphic matter on an immediate container
of an article or preparation or on, or in, any package or wrapper
in which it is enclosed, except any outer shipping container.
The term ‘‘label’’ designates that part of the labeling on the im-
mediate container.

&Line of Demarcation—A visible line on the floor that

separates the room into areas for different purposes. For

example, in the ante-area, the line separates the cleaner

area from the clean area of the room. When the line of

demarcation separates two different ISO classification

areas, it must be accompanied by a minimum air

velocity of 40 fpm from the cleaner area to the less clean

area.&1S (USP34)

Media-Fill Test (see Microbiological Evaluation of Clean
Rooms and Other Controlled Environments h1116i)—A test used
to qualify aseptic technique of compounding personnel or pro-
cesses and to ensure that the processes used are able to pro-
duce sterile product without microbial contamination. During
this test, a microbiological growth medium such as Soybean–
Casein Digest Medium is substituted for the actual drug prod-
uct to simulate admixture compounding.4 The issues to consid-
er in the development of a media-fill test are media-fill
procedures, media selection, fill volume, incubation, time and
temperature, inspection of filled units, documentation, inter-
pretation of results, and possible corrective actions required.

Multiple-Dose Container (see General Notices and Require-
ments and Containers for Injections under Injections h1i)—A mul-
tiple-unit container for articles or preparations intended for
parenteral administration only and usually containing antimi-
crobial preservatives. The beyond-use date (BUD) for an
opened or entered (e.g., needle-punctured) multiple-dose con-
tainer with antimicrobial preservatives is 28 days (see Antimicro-
bial Effectiveness Testing h51i), unless otherwise specified by the
manufacturer.

Negative Pressure Room—A room that is at a lower pres-
sure than the adjacent spaces and, therefore, the net flow of air
is into the room.1

Pharmacy Bulk Package (see Containers for Injections un-
der Injections h1i)—A container of a sterile preparation for par-
enteral use that contains many single doses. The contents are
intended for use in a pharmacy admixture program and are re-
stricted to the preparation of admixtures for infusion or,
through a sterile transfer device, for the filling of empty sterile
syringes. The closure shall be penetrated only one time after
constitution with a suitable sterile transfer device or dispensing
set, which allows measured dispensing of the contents. The
pharmacy bulk package is to be used only in a suitable work
area such as a laminar flow hood (or an equivalent clean air
compounding area).

Where a container is offered as a pharmacy bulk package, the
label shall (a) state prominently ‘‘Pharmacy Bulk Package—Not
for Direct Infusion,’’ (b) contain or refer to information on pro-
per techniques to help ensure safe use of the product, and (c)
bear a statement limiting the time frame in which the container
may be used once it has been entered, provided it is held under
the labeled storage conditions.

Primary Engineering Control (PEC)—A device or room
that provides an ISO Class 5 (see Table 1) environment for the
exposure of critical sites when compounding CSPs. Such de-

vices include, but may not be limited to, laminar airflow work-
benches (LAFWs), biological safety cabinets (BSCs),
compounding aseptic isolators (CAIs), and compounding asep-
tic containment isolators (CACIs).

Preparation—A preparation, or a CSP, that is a sterile drug
or nutrient compounded in a licensed pharmacy or other
healthcare-related facility pursuant to the order of a licensed
prescriber; the article may or may not contain sterile products.

Product—A commercially manufactured sterile drug or nu-
trient that has been evaluated for safety and efficacy by the
FDA. Products are accompanied by full prescribing information,
which is commonly known as the FDA-approved manufactur-
er’s labeling or product package insert.

Positive Pressure Room—A room that is at a higher pres-
sure than the adjacent spaces and, therefore, the net airflow is
out of the room.1

Single-Dose Container (see General Notices and Require-
ments and Containers for Injections under Injections h1i)—A sin-
gle-dose container is a single-unit container for articles (see
General Notices and Requirements) or preparations intended
for parenteral administration only. It is intended for a single
use. A single-dose container is labeled as such. Examples of sin-
gle-dose containers include prefilled syringes, cartridges, fu-
sion-sealed containers, and closure-sealed containers when so
labeled.

Segregated Compounding Area—A designated space,
either a demarcated area or room, that is restricted to preparing
low-risk level CSPs with 12-hour or less BUD. Such area shall
contain a device that provides unidirectional airflow of ISO
Class 5 (see Table 1) air quality for preparation of CSPs and shall
be void of activities and materials that are extraneous to sterile
compounding.

Sterilizing Grade Membranes—Membranes that are doc-
umented to retain 100% of a culture of 107 microorganisms of a
strain of Brevundimonas (Pseudomonas) diminuta per square
centimeter of membrane surface under a pressure of not less
than 30 psi (2.0 bar). Such filter membranes are nominally at
0.22-mm or 0.2-mm nominal pore size, depending on the man-
ufacturer’s practice.

Sterilization by Filtration—Passage of a fluid or solution
through a sterilizing grade membrane to produce a sterile efflu-
ent.

Terminal Sterilization—The application of a lethal process
(e.g., steam under pressure or autoclaving) to sealed containers
for the purpose of achieving a predetermined sterility assurance
level of usually less than 10–6, or a probability of less than one in
one million of a nonsterile unit.4

Unidirectional Flow (see footnote 4)—An airflow moving
in a single direction in a robust and uniform manner and at suf-
ficient speed to reproducibly sweep particles away from the
critical processing or testing area.

Change to read:

IMMEDIATE-USE CSPs

The immediate-use provision is intended only for those situ-
ations where there is a need for emergency or immediate pa-
tient administration of a CSP. Such situations may include
cardiopulmonary resuscitation, emergency room treatment,
preparation of diagnostic agents, or critical therapy where the
preparation of the CSP under conditions described for Low-Risk
Level CSPs subjects the patient to additional risk due to delays in
therapy. Immediate-use CSPs are not intended for storage for
anticipated needs or batch compounding. Preparations that
are medium-risk level and high-risk level CSPs shall not be pre-
pared as immediate-use CSPs.

Immediate-use CSPs are exempt from the requirements de-
scribed for Low-Risk Level CSPs only when all of the following
criteria are met:4 U.S. Food and Drug Administration, Guidance for Industry, Sterile

Drug Products Produced by Aseptic Processing—Current Good Manufactur-
ing Practice, September 2004.
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1. &Before preparing Immediate-Use CSPs, compound-

ing personnel shall apply a waterless alcohol-based

hand sanitizer rub with a minimum of 60% ethanol

to all surfaces of the hands, and allow to dry. There-

after, compounding personnel shall avoid direct con-

tact contamination (e.g., from nonsterile objects,

and secretions and particles shed from personnel)

with sterile components of these CSPs.&1S (USP34)

2. The compounding process involves simple transfer of not
more than three commercially manufactured packages of
sterile nonhazardous products or diagnostic radiopharma-
ceutical products from the manufacturers’ original con-
tainers and not more than two entries into any one
container or package (e.g., bag, vial) of sterile infusion so-
lution or administration container/device. For example,
anti-neoplastics shall not be prepared as immediate-use
CSPs because they are hazardous drugs.

3. Unless required for the preparation, the compounding
procedure is a continuous process not to exceed 1 hour.

4. During preparation, aseptic technique is followed and, if
not immediately administered, the finished CSP is under
continuous supervision to minimize the potential for con-
tact with nonsterile surfaces, introduction of particulate
matter or biological fluids, mix-ups with other CSPs, and
direct contact of outside surfaces.

5. Administration begins not later than 1 hour following the
start of the preparation of the CSP.

6. Unless immediately and completely administered by the
person who prepared it or immediate and complete ad-
ministration is witnessed by the preparer, the CSP shall
bear a label listing patient identification information, the
names and amounts of all ingredients, the name or initials
of the person who prepared the CSP, and the exact 1-hour
BUD and time.

7. If administration has not begun within 1 hour following
the start of preparing the CSP, the CSP shall be promptly,
properly, and safely discarded.

Compounding in worse than ISO Class 5 (see Table 1) condi-
tions increases the likelihood of microbial contamination, and
administration durations of microbially contaminated CSPs ex-
ceeding a few hours increase the potential for clinically signifi-
cant microbial colonization and thus for patient harm,
especially in critically ill or immunocompromised patients.

Change to read:

HAZARDOUS DRUGS AS CSPs

Although the potential therapeutic benefits of compounded
sterile hazardous drug preparations generally outweigh the
risks of their adverse effects in ill patients, exposed healthcare
workers risk similar adverse effects with no therapeutic benefit.
Occupational exposure to hazardous drugs can result in (1)
acute effects, such as skin rashes; (2) chronic effects, including
adverse reproductive events; and (3) possibly cancer (see Ap-
pendix A of NIOSH Publication no. 2004-165).

Hazardous drugs shall be prepared for administration only
under conditions that protect the healthcare workers and other
personnel in the preparation and storage areas. Hazardous
drugs shall be stored separately from other inventory in a man-
ner to prevent contamination and personnel exposure. Many
hazardous drugs have sufficient vapor pressures that allow vol-
atilization at room temperature; thus storage is preferably with-
in a containment area such as a negative pressure room. The

storage area should have sufficient general exhaust ventilation,
at least 12 air changes per hour (ACPH)5 to dilute and remove
any airborne contaminants.

Hazardous drugs shall be handled with caution at all times
using appropriate chemotherapy gloves during receiving, dis-
tribution, stocking, inventorying, preparation for administra-
tion, and disposal. Hazardous drugs shall be prepared in an
ISO Class 5 (see Table 1) environment with protective engineer-
ing controls in place and following aseptic practices specified
for the appropriate contamination risk levels defined in this
chapter. Access shall be limited to areas where drugs are stored
and prepared to protect persons not involved in drug prepara-
tion.

All hazardous drugs shall be prepared in a BSC6 or a CACI that
meets or exceeds the standards for CACI in this chapter. The
ISO Class 5 (see Table 1) BSC or CACI shall be placed in an
ISO Class 7 (see Table 1) area that is physically separated (i.e.,
a different area from other preparation areas) and optimally has
not less than 0.01-inch water column negative pressure to ad-
jacent positive pressure ISO Class 7 (see Table 1) or better ante-
areas, thus providing inward airflow to contain any airborne
drug. A pressure indicator shall be installed that can be readily
monitored for correct room pressurization. The BSC and CACI
optimally should be 100%

&

&1S (USP34)

vented to the outside air through HEPA filtration.
If a CACI that meets the requirements of this chapter is used

outside of a buffer area, the compounding area shall maintain a
minimum negative pressure of 0.01-inch water column and
have a minimum of 12 ACPHs.

When closed-system vial-transfer devices (CSTDs) (i.e., vial-
transfer systems that allow no venting or exposure of hazardous
substance to the environment) are used, they shall be used
within the ISO Class 5 (see Table 1) environment of a BSC or
CACI. The use of a CSTD is preferred because of their inherent
closed system process. In facilities that prepare a low volume of
hazardous drugs, the use of two tiers of containment (e.g.,
CSTD within a BSC or CACI that is located in a non-negative
pressure room) is acceptable.

Appropriate personnel protective equipment (PPE) shall be
worn when compounding in a BSC or CACI and when using
CSTD devices. PPE should include gowns, face masks, eye pro-
tection, hair covers, shoe covers or dedicated shoes, double
gloving with sterile chemo-type gloves, and compliance with
manufacturers’ recommendations when using a CACI.

All personnel who compound hazardous drugs shall be fully
trained in the storage, handling, and disposal of these drugs.
This training shall occur prior to preparing or handling hazard-
ous CSPs, and its effectiveness shall be verified by testing spe-
cific hazardous drugs preparation techniques. Such verification
shall be documented for each person at least annually. This
training shall include didactic overview of hazardous drugs, in-
cluding mutagenic, teratogenic, and carcinogenic properties,
and it shall include ongoing training for each new hazardous
drug that enters the marketplace. Compounding personnel of
reproductive capability shall confirm in writing that they under-
stand the risks of handling hazardous drugs. The training shall
include at least the following: (1) safe aseptic manipulation
practices; (2) negative pressure techniques when utilizing a
BSC or CACI; (3) correct use of CSTD devices; (4) containment,
cleanup, and disposal procedures for breakages and spills; and
(5) treatment of personnel contact and inhalation exposure.

NOTE—Because standards of assay and unacceptable quantities
of contamination of each drug have not been established in the
literature, the following paragraph is a recommendation only. Fu-
ture standards will be adopted as these assay methods are devel-
oped and proven.

5 Guidelines for Environmental Infection Control in Health-Care Facili-
ties, Recommendations of CDC and the Healthcare Infection Control
Practices Advisory Committee (HICPAC), MMWR, vol. 52, no. RR-10,
June 6, 2003, figure 3, pg. 12.
6 NSF/ANSI 49.
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In order to ensure containment, especially in operations pre-
paring large volumes of hazardous drugs, environmental sam-
pling to detect uncontained hazardous drugs should be
performed routinely (e.g., initially as a benchmark and at least
every 6 months or more often as needed to verify contain-
ment). This sampling should include surface wipe sampling of
the working area of BSCs and CACIs; counter tops where fin-
ished preparations are placed; areas adjacent to BSCs and CA-
CIs, including the floor directly under the working area; and
patient administration areas. Common marker hazardous drugs
that can be assayed include cyclophosphamide, ifosfamide,
methotrexate, and fluorouracil. If any measurable contamina-
tion (cyclophosphamide levels greater than 1.00 ng per cm2

have been found to cause human uptake) is found by any of
these quality assurance procedures, practitioners shall make
the decision to identify, document, and contain the cause of
contamination. Such action may include retraining, thorough
cleaning (utilizing high-pH soap and water), and improving en-
gineering controls. Examples of improving engineering con-
trols are (1) venting BSCs or CACIs 100%

&

&1S (USP34)

to the outside, (2) implementing a CSTD, or (3) re-assessing
types of BSCs or CACIs.

Disposal of all hazardous drug wastes shall comply with all
applicable federal and state regulations. All personnel who per-
form routine custodial waste removal and cleaning activities in
storage and preparation areas for hazardous drugs shall be
trained in appropriate procedures to protect themselves and
prevent contamination.

Change to read:

RADIOPHARMACEUTICALS AS CSPs

In the case of production of radiopharmaceuticals for posi-
tron emission tomography (PET), general test chapter Radio-
pharmaceut ica ls for Pos i t ron Emiss ion Tomography—
Compounding h823i supersedes this chapter. Upon release of
a PET radiopharmaceutical as a finished drug product from a
production facility, the further handling, manipulation, or use
of the product will be considered compounding, and the con-
tent of this section and chapter is applicable.

For the purposes of this chapter, radiopharmaceuticals com-
pounded from sterile components in closed sterile containers
and with a volume of 100 mL or less for a single-dose injection
or not more than 30 mL taken from a multiple-dose container
(see Injections h1i) shall be designated as, and conform to, the
standards for Low-Risk Level CSPs.

&If such diagnostic radiopharmaceuticals are adminis-

tered within one hour of the start of compounding, they

may be compounded under the ‘‘Immediate-Use CSPs’’

provisions, if the following provisions are met:

1. The septum of the preparation vial may be entered

more than two times if it is treated as a single-dose

container intended for a single patient administra-

tion.

2. The preparation procedure must be completed, and

start of patient administration begun not later than 1

hour following the start of preparation of the CSP, as

indicated by manufacturers’ approved labeling

(package insert) instructions.

3. The preparation procedure is conducted using strict

aseptic technique, which includes proper hand hy-

giene. Proper hand hygiene consists of applying a

waterless alcohol-based hand sanitizer rub with a

minimum of 60% ethanol to all surfaces of the

hands, and then allowing to dry. Thereafter, com-

pounding personnel shall avoid direct contact con-

tamination (e.g., from nonsterile objects, and

secretions and particles shed from personnel) with

sterile components of these CSPs.

4. The preparation procedure is conducted in accor-

dance with OSHA regulations.&1S (USP34)

These radiopharmaceuticals shall be compounded using ap-
propriately shielded vials and syringes in a properly functioning
and certified ISO Class 5 (see Table 1) PEC located in an ISO
Class 8 (see Table 1) or cleaner air environment to permit com-
pliance with special handling, shielding, and negative air flow
requirements.

Radiopharmaceutical vials designed for multi-use, com-
pounded with technetium-99m, exposed to ISO Class 5 (see Ta-
ble 1) environment, and punctured by needles with no direct
contact contamination may be used up to the time indicated
by manufacturers’ recommendations. Storage and transport
of properly shielded vials of radiopharmaceutical CSPs may oc-
cur in a limited access ambient environment without a specific
ISO class designation.

Technetium-99m/molybdenum-99 generator systems shall
be stored and eluted (operated) under conditions recom-
mended by manufacturers and applicable state and federal
regulations. Such generator systems shall be eluted in an ISO
Class 8 (see Table 1) or cleaner air environment to permit special
handling, shielding, and air flow requirements. To limit acute
and chronic radiation exposure of inspecting personnel to a lev-
el that is as low as reasonably achievable (ALARA), direct visual
inspection of radiopharmaceutical CSPs containing high con-
centrations of doses of radioactivity shall be conducted in ac-
cordance with ALARA.

Radiopharmaceuticals prepared as Low-Risk Level CSPs with
12-Hour or Less BUD shall be prepared in a segregated com-
pounding area. A line of demarcation defining the segregated
compounding area shall be established. Materials and garb ex-
posed in a patient care and treatment area shall not cross a line
of demarcation into the segregated compounding area.

Change to read:

ENVIRONMENTAL QUALITY AND CONTROL

Achieving and maintaining sterility and overall freedom from
contamination of a CSP is dependent on the quality status of
the components incorporated, the process utilized, personnel
performance, and the environmental conditions under which
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the process is performed. The standards required for the envi-
ronmental conditions depend on the amount of exposure of
the CSP to the immediate environment anticipated during pro-
cessing. The quality and control of environmental conditions
for each risk level of operation are explained in this section. In
addition, operations using nonsterile components require the
use of a method of preparation designed to produce a sterile
preparation.

Exposure of Critical Sites

Maintaining the sterility and cleanliness (i.e., freedom from
sterile foreign materials) of critical sites is a primary safeguard
for CSPs. Critical sites are locations that include any component
or fluid pathway surfaces (e.g., vial septa, injection ports, beak-
ers) or openings (e.g., opened ampuls, needle hubs) exposed
and at risk of direct contact with air (e.g., ambient room or
HEPA filtered), moisture (e.g., oral and mucosal secretions), or
touch contamination. The risk of, or potential for, critical sites to
be contaminated with microorganisms and foreign matter in-
creases with increasing exposed area of the critical sites, the
density or concentration of contaminants, and exposure dura-
tion to worse than ISO Class 5 (see Table 1) air. Examples in-
clude an opened ampul or vial stopper on a 10-mL or larger
vial or an injection port on a package of intravenous solution
having an area larger than the point of a needle or the tip of
a syringe.

The nature of a critical site also affects the risk of contamina-
tion. The relatively rough, permeable surface of an elastomeric
closure retains microorganisms and other contaminants after
swabbing with a sterile 70% IPA pad more readily than does
the smoother glass surface of the neck of an ampul. Therefore,
the surface disinfection can be expected to be more effective
for an ampul.

Protection of critical sites by precluding physical contact and
airborne contamination shall be given the highest priority in
sterile compounding practice. Airborne contaminants, especial-
ly those generated by sterile compounding personnel, are
much more likely to reach critical sites than are contaminants
that are adhering to the floor or other surfaces below the work
level. Furthermore, large and high-density particles that are
generated and introduced by compounding manipulations
and personnel have the potential to settle on critical sites even
when those critical sites are exposed within ISO Class 5 (see Ta-
ble 1) air.

ISO Class 5 Air Sources, Buffer Areas, and
Ante-Areas

The most common sources of ISO Class 5 (see Table 1) air
quality for exposure of critical sites are horizontal and vertical
LAFWs, CAIs, and CACIs. A clean room (see Microbiological Eval-
uation of Clean Rooms and Other Controlled Environments
h1116i) is a compounding environment that is supplied with
HEPA or HEPA-filtered air that meets ISO Class 7 (see Table 1),
the access to which is limited to personnel trained and autho-
rized to perform sterile compounding and facility cleaning. A
buffer area is an area that provides at least ISO Class 7 (see Table
1) air quality.

Figure 1 is a conceptual representation of the placement of an
ISO Class 5 (see Table 1) PEC in a segregated compounding area
used for low-risk level CSPs with 12-hour or less BUD. This plan
depicts the most critical operation area located within the PEC
in a designated area (see definition of Segregated Compounding
Area) separated from activities not essential to the preparation
of CSPs. Placement of devices (e.g., computers, printers) and
objects (e.g., carts, cabinets) that are not essential to com-
pounding in the segregated area should be restricted or limi-
ted, depending on their effect on air quality in the ISO Class
5 (see Table 1) PEC.

Figure 1. Conceptual representation of the placement of an ISO
Class 5 PEC in a segregated compounding area used for low-risk

level CSPs with 12-hour or less BUD.

Figure 2 is a conceptual representation of the arrangement of
a facility for preparation of CSPs categorized as low-, medium-,
and high-risk level. The quality of the environmental air increas-
es with movement from the outer boundary to the direct com-
pounding area (DCA). Placement of devices in ante-areas and
buffer areas is dictated by their effect on the designated envi-
ronmental quality of atmospheres and surfaces, which shall be
verified by monitoring (see Viable and Nonviable Environmental
Sampling (ES) Testing). It is the responsibility of each com-
pounding facility to ensure that each source of ISO Class 5
(see Table 1) environment for exposure of critical sites and ster-
ilization by filtration is properly located, operated, maintained,
monitored, and verified.

Figure 2. Conceptual representation of the arrangement
of a facility for preparation of CSPs categorized as low-,

medium-, and high-risk level.

Placement of devices (e.g., computers, printers) and objects
(e.g., carts, cabinets) that are not essential to compounding in
buffer areas is dictated by their effect on the required environ-
mental quality of air atmospheres and surfaces, which shall be
verified by monitoring (see Viable and Nonviable Environmental
Sampling (ES) Testing). It is the responsibility of each com-
pounding facility to ensure that each source of ISO Class 5
(see Table 1) environment for exposure of critical sites and ster-
ilization by filtration is properly located, operated, maintained,
monitored, and verified.

Facility Design and Environmental Controls

Compounding facilities are physically designed and environ-
mentally controlled to minimize airborne contamination from
contacting critical sites. These facilities shall also provide a com-
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fortable and well-lighted working environment, which typically
includes a temperature of 208 or cooler, to maintain comforta-
ble conditions for compounding personnel to perform flawless-
ly when attired in the required aseptic compounding garb.
PECs typically include, but are not limited to, LAFWs, BSCs,
CAIs, and CACIs, which provide an ISO Class 5 (see Table 1) en-
vironment for the exposure of critical sites. PECs shall maintain
ISO Class 5 (see Table 1) or better conditions for 0.5-mm parti-
cles (dynamic operating conditions) while compounding CSPs.
Secondary engineering controls such as buffer areas and ante-
areas generally serve as a core for the location of the PEC. Buffer
areas are designed to maintain at least ISO Class 7 (see Table 1)
conditions for 0.5-mm particles under dynamic conditions and
ISO Class 8 (see Table 1) conditions for 0.5-mm and larger par-
ticles under dynamic conditions for the ante-areas. Airborne
contamination control is achieved in the PEC through the use
of HEPA filters. The airflow in the PEC shall be unidirectional
(laminar flow), and because of the particle collection efficiency
of the filter, the ‘‘first air’’ at the face of the filter is, for the pur-
poses of aseptic compounding, free from airborne particulate
contamination. HEPA-filtered air shall be supplied in critical ar-
eas (ISO Class 5, see Table 1) at a velocity sufficient to sweep
particles away from the compounding area and maintain unidi-
rectional airflow during operations. Proper design and control
prevents turbulence and stagnant air in the critical area. In situ
air pattern analysis via smoke studies shall be conducted at the
critical area to demonstrate unidirectional airflow and sweeping
action over and away from the product under dynamic condi-
tions.

The principles of HEPA-filtered unidirectional airflow in the
work environment shall be understood and practiced in the
compounding process in order to achieve the desired environ-
mental conditions. Policies and procedures for maintaining and
working within the PEC area shall be written and followed. The
policies and procedures will be determined by the scope and
risk levels of the aseptic compounding activities utilized during
the preparation of the CSPs. The CSP work environment is de-
signed to have the cleanest work surfaces (PEC) located in a buf-
fer area. The buffer area shall maintain at least ISO Class 7 (see
Table 1) conditions for 0.5-mm and larger particles under dy-
namic operating conditions. The room shall be segregated
from surrounding, unclassified spaces to reduce the risk of con-
taminants being blown, dragged, or otherwise introduced into
the filtered unidirectional airflow environment, and this segre-
gation shall be continuously monitored. For rooms providing a
physical separation through the use of walls, doors, and pass-
throughs, a minimum differential positive pressure of 0.02- to
0.05-inch water column is required. For buffer areas not phys-
ically separated from the ante-areas, the principle of displace-
ment airflow shall be employed. This concept utilizes a low
pressure differential, high airflow principle. Using displacement
airflow typically requires an air velocity of 40 ft per minute or
more from the buffer area across the line of demarcation into
the ante-area.

The displacement concept shall not be used for high-risk
compounding.7 The PEC shall be placed within a buffer area
in such a manner as to avoid conditions that could adversely
affect their operation. For example, strong air currents from
opened doors, personnel traffic, or air streams from the HVAC
systems can disrupt the unidirectional airflow in open-faced
workbenches. The operators may also create disruptions in air-
flow by their own movements and by the placement of objects
onto the work surface. The PEC shall be placed out of the traffic
flow and in a manner to avoid disruption from the HVAC system
and room cross-drafts. Room air exchanges are typically ex-
pressed as ACPHs. Adequate HEPA-filtered airflow supplied to
the buffer area and ante-area is required to maintain cleanliness
classification during operational activity through the number of
ACPHs. Factors that should be considered when determining
air-change requirements include number of personnel working
in the room and compounding processes that generate partic-
ulates, as well as temperature effects. An ISO Class 7 (see Table

1) buffer area and ante-area supplied with HEPA-filtered air shall
receive an ACPH of not less than 30. The PEC is a good augmen-
tation to generating air changes in the air supply of an area but
cannot be the sole source of HEPA-filtered air. If the area has an
ISO Class 5 (see Table 1) recirculating device, a minimum of 15
ACPHs through the area supply HEPA filters is adequate, provid-
ing the combined ACPH is not less than 30. More air changes
may be required, depending on the number of personnel and
processes. HEPA-filtered supply air shall be introduced at the
ceiling, and returns should be mounted low on the wall, creat-
ing a general top-down dilution of area air with HEPA-filtered
make-up air. Ceiling-mounted returns are not recommended.
All HEPA filters should be efficiency tested using the most pen-
etrating particle size and should be leak tested at the factory
and then leak tested again in situ after installation.8

Activities and tasks carried out within the buffer area shall be
limited to only those necessary when working within a con-
trolled environment. Only the furniture, equipment, supplies,
and other material required for the compounding activities to
be performed shall be brought into the area, and they shall be
nonpermeable, nonshedding, cleanable, and resistant to disin-
fectants. Whenever such items are brought into the area, they
shall first be cleaned and disinfected. Whenever possible, equip-
ment and other items used in the buffer area shall not be taken
out of the area except for calibration, servicing, or other activ-
ities associated with the proper maintenance of the item.

The surfaces of ceilings, walls, floors, fixtures, shelving,
counters, and cabinets in the buffer area shall be smooth, im-
pervious, free from cracks and crevices, and nonshedding,
thereby promoting cleanability and minimizing spaces in which
microorganisms and other contaminants may accumulate. The
surfaces shall be resistant to damage by disinfectant agents.
Junctures of ceilings to walls shall be coved or caulked to avoid
cracks and crevices where dirt can accumulate. If ceilings con-
sist of inlaid panels, the panels shall be impregnated with a
polymer to render them impervious and hydrophobic, and they
shall be caulked around each perimeter to seal them to the sup-
port frame. Walls may be constructed of flexible material (e.g.,
heavy gauge polymer), panels locked together and sealed, or of
epoxy-coated gypsum board. Preferably, floors are overlaid
with wide sheet vinyl flooring with heat-welded seams and cov-
ing to the sidewall. Dust-collecting overhangs, such as ceiling
utility pipes, and ledges, such as windowsills, should be avoid-
ed. The exterior lens surface of ceiling lighting fixtures should
be smooth, mounted flush, and sealed. Any other penetrations
through the ceiling or walls shall be sealed. The buffer area shall
not contain sources of water (sinks) or floor drains. Work surfac-
es shall be constructed of smooth, impervious materials, such as
stainless steel or molded plastic, so that they are easily cleaned
and disinfected. Carts should be of stainless steel wire, nonpor-
ous plastic, or sheet metal construction with good quality,
cleanable casters to promote mobility. Storage shelving,
counters, and cabinets shall be smooth, impervious, free from
cracks and crevices, nonshedding, cleanable, and disinfectable;
their number, design, and manner of installation shall promote
effective cleaning and disinfection.

Placement of Primary Engineering Controls

PECs (LAFWs, BSCs, CAIs, and CACIs) shall be located within a
restricted access ISO Class 7 (see Table 1) buffer area (see Figure
1), with the following CAI/CACI exceptions below:
� Only authorized personnel and materials required for com-

pounding and cleaning shall be permitted in the buffer ar-
ea.

� Presterilization procedures for high-risk level CSPs, such as
weighing and mixing, shall be completed in no worse than
an ISO Class 8 (see Table 1) environment.

7 ISO 14644-4 : 2001 Cleanrooms and associated controlled environ-
ments—Design, construction, and start-up, Case Postale 56, CH-1211
Geneve 20, Switzerland, tel. +41 22 749 01 11.

8 By definition (IEST RP CC 001.4), HEPA filters are a minimum of
99.97% efficient when tested using 0.3-mm thermally generated parti-
cles and a photometer or rated at their most penetrating particle size
using a particle counter.
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� PECs shall be located out of traffic patterns and away from
room air currents that could disrupt the intended airflow
patterns.

CAIs and CACIs shall be placed in an ISO Class 7 (see Table 1)
buffer area unless they meet all of the following conditions:
� The isolator shall provide isolation from the room and

maintain ISO Class 5 (see Table 1) during dynamic operat-
ing conditions, including transferring ingredients, compo-
nents, and devices into and out of the isolator and during
preparation of CSPs.

� Particle counts sampled approximately 6 to 12 inches up-
stream of the critical exposure site shall maintain ISO Class
5 (see Table 1) levels during compounding operations.

� Not more than 3520 particles (0.5 mm and larger) per m3

shall be counted during material transfer, with the particle
counter probe located as near to the transfer door as pos-
sible without obstructing the transfer.9

It is incumbent on the compounding personnel to obtain
documentation from the manufacturer that the CAI/CACI will
meet this standard when located in environments where the
background particle counts exceed ISO Class 8 (see Table 1)
for 0.5-mm and larger particles. When isolators are used for ster-
ile compounding, the recovery time to achieve ISO Class 5 (see
Table 1) air quality shall be documented and internal proce-
dures developed to ensure that adequate recovery time is al-
lowed after material transfer before and during compounding
operations.

If the PEC is a CAI or CACI that does not meet the require-
ments above or is a LAFW or BSC that cannot be located within
an ISO Class 7 (see Table 1) buffer area, then only low-risk level
nonhazardous and radiopharmaceutical CSPs pursuant to a
physician order for a specific patient may be prepared, and ad-
ministration of the CSP shall commence within 12 hours of
preparation or as recommended in the manufacturer’s package
insert, whichever is less.

Viable and Nonviable Environmental
Sampling (ES) Testing

The ES program should provide information to staff and lead-
ership to demonstrate that the PEC is maintaining an environ-
ment within the compounding area that consistently ensures
acceptably low viable and nonviable particle levels. The com-
pounding area includes the ISO Class 5 (see Table 1) PEC
(LAFWs, BSCs, CAIs, and CACIs), buffer areas, ante-areas, and
segregated compounding areas.

Environmental sampling shall occur as part of a comprehen-
sive quality management program and shall occur minimally
under any of the following conditions:
� as part of the commissioning and certification of new facil-

ities and equipment;
� following any servicing of facilities and equipment;
� as part of the re-certification of facilities and equipment

(i.e., every 6 months);
� in response to identified problems with end products or

staff technique; or

� in response to issues with CSPs, observed compounding
personnel work practices, or patient-related infections
(where the CSP is being considered as a potential source
of the infection).

ENVIRONMENTAL NONVIABLE PARTICLE TESTING PROGRAM

A program to sample nonviable airborne particles differs from
that for viable particles in that it is intended to directly measure
the performance of the engineering controls used to create the
various levels of air cleanliness, for example, ISO Class 5, 7, or 8
(see Table 1).

Engineering Control Performance Verification—PECs
(LAFWs, BSCs, CAIs, and CACIs) and secondary engineering
controls (buffer and ante-areas) are essential components of
the overall contamination control strategy for aseptic com-
pounding. As such, it is imperative that they perform as de-
signed and that the resulting levels of contamination be
within acceptable limits. Certification procedures such as those
outlined in Certification Guide for Sterile Compounding Facilities
(CAG-003-2006)10 shall be performed by a qualified individual
no less than every 6 months and whenever the device or room
is relocated or altered or major service to the facility is per-
formed.

Total Particle Counts—Certification that each ISO classi-
fied area, for example, ISO Class 5, 7, and 8 (see Table 1), is
within established guidelines shall be performed no less than
every 6 months and whenever the LAFW, BSC, CAI, or CACI is
relocated or the physical structure of the buffer area or ante-
area has been altered. Testing shall be performed by qualified
operators using current, state-of-the-art electronic equipment
with results of the following:
� ISO Class 5: not more than 3520 particles 0.5 mm and lar-

ger size per cubic meter of air for any LAFW, BSC, CAI, and
CACI;

� ISO Class 7: not more than 352,000 particles of 0.5 mm size
and larger per cubic meter of air for any buffer area;

� ISO Class 8: not more than 3,520,000 particles or 0.5 mm
size and larger per cubic meter of air for any ante-area.

All certification records shall be maintained and reviewed by
supervising personnel or other designated employees to ensure
that the controlled environments comply with the proper air
cleanliness, room pressures, and ACPHs.

PRESSURE DIFFERENTIAL MONITORING

A pressure gauge or velocity meter shall be installed to mon-
itor the pressure differential or airflow between the buffer area
and the ante-area and between the ante-area and the general
environment outside the compounding area. The results shall
be reviewed and documented on a log at least every work shift
(minimum frequency shall be at least daily) or by a continuous
recording device. The pressure between the ISO Class 7 (see Ta-
ble 1) and the general pharmacy area shall not be less than 5 Pa
(0.02 inch water column). In facilities where low- and medium-
risk level CSPs are prepared, differential airflow shall maintain a
minimum velocity of 0.2 meters per second (40 feet per mi-
nute) between buffer area and ante-area.

ENVIRONMENTAL VIABLE AIRBORNE PARTICLE TESTING PROGRAM

The risk of contaminating a CSP prepared under low-risk level
and medium-risk level conditions is highly dependent on pro-
per hand hygiene and garbing practices, compounding per-
sonnel aseptic technique, and the presence of surface
contamination, assuming that all work is performed in a certi-
fied and properly functioning ISO Class 5 (see Table 1) PEC and
secondary engineering controls, ISO Class 7 (see Table 1) buffer
area, and ISO Class 8 (see Table 1) ante-area. High-risk level

9 Sample procedures are detailed in CETA Applications Guide CAG-
002-2006–section 2.09.

10 Controlled Environment Testing Association, 1500 Sunday Drive,
Ste. 102, Raleigh, NC 27607; www.CETAinternational.org.
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CSPs pose the greatest threat to patients because compound-
ing personnel are tasked with the requirement of processing
nonsterile components and devices in order to achieve sterility.

A sampling program in conjunction with an observational au-
dit is designed to evaluate the competency of compounding
personnel work practices, allowing for the implementation of
corrective actions on an ongoing basis (see Personnel Training
and Competency Evaluation of Garbing, Aseptic Work Practices
and Cleaning/Disinfection Procedures).

Sampling Plan—An appropriate environmental sampling
plan shall be developed for airborne viable particles based on
a risk assessment of compounding activities performed.

Selected sampling sites shall include locations within each
ISO Class 5 (see Table 1) environment and in the ISO Class 7
and 8 (see Table 1) areas and in the segregated compounding
areas at greatest risk of contamination (e.g., work areas near the
ISO Class 5 [see Table 1] environment, counters near doors,
pass-through boxes). The plan shall include sample location,
method of collection, frequency of sampling, volume of air
sampled, and time of day as related to activity in the com-
pounding area and action levels.

Review of the data generated during a sampling event may
detect elevated amounts of airborne microbial bioburden; such
changes may be indicative of adverse changes within the envi-
ronment. It is recommended that compounding personnel re-
fer to Microbiological Evaluation of Clean Rooms and Other
Controlled Environments h1116i and the CDC’s ‘‘Guidelines for
Environmental Infection Control in Healthcare Facilities,
2003’’ for more information.

Growth Medium—A general microbiological growth medi-
um such as Soybean–Casein Digest Medium shall be used to
support the growth of bacteria. Malt extract agar or some other
media

&medium&1S (USP34)

that supports the growth of fungi shall be used in high-risk level

&all&1S (USP34)

compounding environments. Media used for surface sampling
must be supplemented with additives to neutralize the effects
of disinfecting agents (e.g., TSA with lecithin and polysorbate
80).

Viable Air Sampling—Evaluation of airborne microorga-
nisms using volumetric collection methods in the controlled
air environments (LAFWs, CAIs, clean room or buffer areas,
and ante-areas) shall be performed by properly trained individ-
uals for all compounding risk levels.

Impaction shall be the preferred method of volumetric air
sampling. Use of settling plates for qualitative air sampling
may not be able to determine adequately the quality of air in
the controlled environment. The settling of particles by gravity
onto culture plates depends on the particle size and may be in-
fluenced by air movement. Consequently, the number of colo-
ny-forming units (cfu) on a settling plate may not always relate
to the concentrations of viable particles in the sampled environ-
ment.

For low-, medium-, and high-risk level compounding, air
sampling shall be performed at locations that are prone to con-
tamination during compounding activities and during other ac-
tivities such as staging, labeling, gowning, and cleaning.
Locations shall include zones of air backwash turbulence within
LAFW and other areas where air backwash turbulence may en-
ter the compounding area (doorways, in and around ISO Class
5 [see Table 1] PEC and environments). Consideration should be
given to the overall effect the chosen sampling method will
have on the unidirectional airflow within a compounding envi-
ronment.

For low-risk level CSPs with 12-hour or less BUD prepared in a
PEC (LAFWs, BSCs, CAIs) that maintains an ISO Class 5 (see Ta-
ble 1), air sampling shall be performed at locations inside the
ISO Class 5 (see Table 1) environment and other areas that
are in close proximity to the ISO Class 5 (see Table 1) environ-
ment during the certification of the PEC.

Air Sampling Devices—There are a number of manufac-
turers of electronic air sampling equipment. It is important that
personnel refer to the manufacturer’s recommended proce-
dures when using the equipment to perform volumetric air
sampling procedures. The instructions in the manufacturer’s
user’s manual for verification and use of electric air samplers
that actively collect volumes of air for evaluation must be fol-
lowed. A sufficient volume of air (400 to 1000 liters) shall be
tested at each location in order to maximize sensitivity. The vol-
umetric air sampling devices need to be serviced and calibrated
as recommended by the manufacturer.

It is recommended that compounding personnel also refer to
Methodology and Instrumentation for Quantitation of Viable Air-
borne Microorganisms under Microbiological Evaluation of Clean
Rooms and Other Controlled Environments h1116i, which pro-
vides more information on the use of volumetric air samplers
and volume of air that should be sampled to detect environ-
mental bioburden excursions.

Air Sampling Frequency and Process—Air sampling shall
be performed at least semiannually (i.e., every 6 months) as
part of the re-certification of facilities and equipment. If com-
pounding occurs in multiple locations within an institution
(e.g., main pharmacy, satellites), environmental sampling is re-
quired for each individual compounding area. A sufficient vol-
ume of air shall be sampled and the manufacturer’s guidelines
for use of the electronic air sampling equipment followed. Any
facility construction or equipment servicing may require that air
sampling be performed during these events.

Incubation Period—At the end of the designated sampling
or exposure period for air sampling activities, the microbial
growth media plates are recovered and their covers secured
(e.g., taped), and they are inverted and incubated at a temper-
ature and for a time period conducive to multiplication of mi-
croorganisms. TSA should be incubated at 308 to 358 for 48 to
72 hours. Malt extract agar or other suitable fungal media
should be incubated at 268 to 308 for 5 to 7 days. The number
of discrete colonies of microorganisms are counted and re-
ported as cfu and documented on an environmental sampling
form. Counts from air sampling need to be transformed into cfu
per cubic meter of air and evaluated for adverse trends.

Action Levels, Documentation, and Data Evaluation—
The value of viable microbial sampling of the air in the com-
pounding environment is realized when the data are used to
identify and correct an unacceptable situation. Sampling data
shall be collected and reviewed on a periodic basis as a means
of evaluating the overall control of the compounding environ-
ment. If an activity consistently shows elevated levels of micro-
bial growth, competent microbiology personnel shall be
consulted.

Any cfu count that exceeds its respective action level (see Ta-
ble 2) should prompt a re-evaluation of the adequacy of person-
nel work practices, cleaning procedures, operational
procedures, and air filtration efficiency within the aseptic com-
pounding location. An investigation into the source of the con-
tamination shall be conducted. Sources could include HVAC
systems, damaged HEPA filters, and changes in personnel garb-
ing or work practices. The source of the problem shall be elim-
inated, the affected area cleaned, and resampling performed.

Counts of cfu are to be used as an approximate measure of
the environmental microbial bioburden. Action levels are deter-
mined on the basis of cfu data gathered at each sampling loca-
tion and trended over time. The numbers in Table 2 should be
used only as guidelines. Regardless of the number of cfu iden-
tified in the pharmacy, further corrective actions will be dictated
by the identification of microorganisms recovered (at least the
genus level) by an appropriate credentialed laboratory of any
microbial bioburden captured as a cfu using an impaction air
sampler. Highly pathogenic microorganisms (e.g., Gram-nega-
tive rods, coagulase positive staphylococcus, molds and yeasts)
can be potentially fatal to patients receiving CSPs and must be
immediately remedied, regardless of cfu count, with the assis-
tance of a competent microbiologist, infection control profes-
sional, or industrial hygienist.
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Table 2. Recommended Action Levels for Microbial
Contamination*

{(cfu per cubic meter [1000 liters] of air per plate)

Classification Air Sample{

ISO Class 5 4 1

ISO Class 7 4 10

ISO Class 8 or worse 4 100
* Guidance for Industry, Sterile Drug Products Produced by Asep-
tic Processing—Current Good Manufacturing Practice, US FDA,
September 2004.

Additional Personnel Requirements

Food, drinks, and materials exposed in patient care and treat-
ment areas shall not enter ante-areas, buffer areas, or segregat-
ed compounding areas where components and ingredients of
CSPs are present. When compounding activities require the
manipulation of a patient’s blood-derived or other biological
material (e.g., radiolabeling a patient’s or donor’s white blood
cells), the manipulations shall be clearly separated from routine
material-handling procedures and equipment used in CSP
preparation activities, and they shall be controlled by specific
SOPs in order to avoid any cross-contamination. Packaged
compounding supplies and components, such as needles, sy-
ringes, tubing sets, and small- and large-volume parenterals,
should be uncartoned and wiped down with a disinfectant that
does not leave a residue (e.g., sterile 70% IPA), when possible in
an ante-area of ISO Class 8 (see Table 1) air quality, before being
passed into the buffer areas. Personnel hand hygiene and garb-
ing procedures are also performed in the ante-area, which may
contain a sink that enables hands-free use with a closed system
of soap dispensing to minimize the risk of extrinsic contamina-
tion. There shall be some demarcation designation that separ-
ates the ante-area from the buffer area. Adequate provision for
performing antiseptic hand cleansing using an alcohol-based
surgical hand scrub with persistent activity followed by the don-
ning of sterile gloves should be provided after entry into the
buffer area.

Cleaning and Disinfecting the Compounding
Area

Environmental contact is a major source of microbial contam-
ination of CSPs. Consequently, scrupulous attention to cleaning
and disinfecting the sterile compounding areas is required to
minimize this as a source of CSP contamination.

The cleaning and disinfecting practices and frequencies in
this section apply to ISO Class 5 (see Table 1) compounding ar-
eas for exposure of critical sites as well as buffer areas, ante-
areas, and segregated compounding areas. Compounding per-
sonnel are responsible for ensuring that the frequency of clean-
ing is in accordance with the requirements stated in Table 3 and
determining the cleaning and disinfecting products to be used
(see Appendix II). Any organizational or institutional policies re-
garding disinfectant selection should be considered by com-
pounding personnel. All cleaning and disinfecting practices
and policies for the compounding of CSPs shall be included
in written SOPs and shall be followed by all compounding per-
sonnel.

The selection and use of disinfectants in healthcare facilities is
guided by several properties, such as microbicidal activity, inac-
tivation by organic matter, residue, and shelf life (see Appendix
II). In general, highly toxic disinfectants, such as glutaralde-
hyde, are not used on housekeeping surfaces (e.g., floors, coun-
tertops). Many disinfectants registered by the EPA are one-step
disinfectants. This means that the disinfectant has been formu-
lated to be effective in the presence of light to moderate soiling
without a pre-cleaning step.

Surfaces in LAFWs, BSCs, CAIs, and CACIs, which are intimate
to the exposure of critical sites, require disinfecting more fre-
quently than do housekeeping surfaces such as walls and ceil-

ings. Disinfecting sterile compounding areas shall occur on a
regular basis at the intervals noted in Table 3 when spills occur,
when the surfaces are visibly soiled, and when microbial con-
tamination is known to have been or is suspected of having
been introduced into the compounding areas.

When the surface to be disinfected has heavy soiling, a clean-
ing step is recommended prior to the application of the disin-
fectant. Trained compounding personnel are responsible for
developing, implementing, and practicing the procedures for
cleaning and disinfecting the DCAs written in the SOPs. Clean-
ing and disinfecting shall occur before compounding is per-
formed. Items shall be removed from all areas to be cleaned,
and surfaces shall be cleaned by removing loose material and
residue from spills; for example, water-soluble solid residues
are removed with sterile water (for injection or irrigation) and
low-shedding wipes. This shall be followed by wiping with a res-
idue-free disinfecting agent such as sterile 70% IPA, which is al-
lowed to dry before compounding begins.

Cleaning and disinfecting surfaces in the LAFWs, BSCs, CAIs,
and CACIs are the most critical practices before the preparation
of CSPs. Consequently, such surfaces shall be cleaned and dis-
infected frequently, including at the beginning of each work
shift, before each batch preparation is started, every 30 minutes
during continuous compounding periods of individual CSPs,
when there are spills, and when surface contamination is
known or suspected from procedural breaches.

Work surfaces in the ISO Class 7 (see Table 1) buffer areas and
ISO Class 8 (see Table 1) ante-areas as well as segregated com-
pounding areas shall be cleaned and disinfected at least daily,
and dust and debris shall be removed when necessary from
storage sites for compounding ingredients and supplies using
a method that does not degrade the ISO Class 7 or 8 (see Table
1) air quality (see Disinfectants and Antiseptics h1072i).

Table 3. Minimum Frequency of Cleaning and Disin-
fecting Compounding Areas

Site Minimum Frequency

ISO Class 5
(see Table 1)
Primary Engineering
Control (e.g., LAFW,
BSC, CAI, CACI)

At the beginning of each shift, be-
fore each batch, not longer than
30 minutes following the previous
surface disinfection when ongoing
compounding activities are occur-
ring, after spills, and when surface
contamination is known or
suspected.

Counters and easily
cleanable work
surfaces

Daily

Floors Daily

Walls Monthly

Ceilings Monthly

Storage shelving Monthly

Floors in the buffer or clean area, ante-area, and segregated
compounding area are cleaned by mopping with a cleaning
and disinfecting agent once daily at a time when no aseptic op-
erations are in progress. Mopping shall be performed by
trained personnel using approved agents and procedures de-
scribed in the written SOPs. It is incumbent on compounding
personnel to ensure that such cleaning is performed properly. In
the buffer or clean area, ante-area, and segregated compound-
ing area, walls, ceilings, and shelving shall be cleaned and dis-
infected monthly. Cleaning and disinfecting agents are to be
used with careful consideration of compatibilities, effectiveness,
and inappropriate or toxic residues (see Appendix II). Their
schedules of use and methods of application shall be in accor-
dance with written SOPs and followed by custodial or com-
pounding personnel.

All cleaning materials, such as wipers, sponges, and mops,
shall be nonshedding, preferably composed of synthetic micro
fibers, and dedicated to use in the buffer or clean area, ante-
area, and segregated compounding areas and shall not be re-
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moved from these areas except for disposal. Floor mops may be
used in both the buffer or clean area and ante-area, but only in
that order. Ideally, all cleaning tools are discarded after one use
by collection in suitable plastic bags and removed with minimal
agitation. If cleaning materials (e.g., mops) are reused, proce-
dures shall be developed (based on manufacturers’ recommen-
dations) that ensure that the effectiveness of the cleaning
device is maintained and that repeated use does not add to
the bioburden of the area being cleaned.

Supplies and equipment removed from shipping cartons
shall be wiped with a suitable disinfecting agent (e.g., sterile
70% IPA) delivered from a spray bottle or other suitable delivery
method. After the disinfectant is sprayed or wiped on a surface
to be disinfected, the disinfectant shall be allowed to dry, dur-
ing which time the item shall not be used for compounding
purposes.

Wiping with small sterile 70% IPA swabs that are commercial-
ly available in individual foil-sealed packages (or a comparable
method) is preferred for disinfecting entry points on bags and
vials, allowing the IPA to dry before piercing stoppers with ster-
ile needles and breaking necks of ampuls. The surface of the
sterile 70% IPA swabs used for disinfecting entry points of sterile
packages and devices shall not contact any other object before
contacting the surface of the entry point. Sterile 70% IPA wet-
ted gauze pads or other particle-generating material shall not
be used to disinfect the sterile entry points of packages and de-
vices.

When sterile supplies are received in sealed pouches de-
signed to keep them sterile until opening, the sterile supplies
may be removed from the covering pouches as the supplies
are introduced into the ISO Class 5 (see Table 1) PEC (LAFW,
BSC, CAI, CACI) without the need to disinfect the individual
sterile supply items. No shipping or other external cartons
may be taken into the buffer or clean area or segregated com-
pounding area.

Personnel Cleansing and Garbing

The careful cleansing of hands and arms and the correct don-
ning of PPE by compounding personnel constitute the first ma-
jor step in preventing microbial contamination in CSPs.
Personnel shall also be thoroughly competent and highly moti-
vated to perform flawless aseptic manipulations with ingredi-
ents, devices, and components of CSPs. Squamous cells are
normally shed from the human body at a rate of 106 or more
per hour, and those skin particles are laden with microorga-
nisms.11,12 When individuals are experiencing rashes, sunburn,
weeping sores, conjunctivitis, active respiratory infection, as
well as when they wear cosmetics, they shed these particles
at even higher rates. Particles shed from compounding person-
nel pose an increased risk of microbial contamination of critical
sites of CSPs. Therefore, compounding personnel with such
conditions as mentioned above shall be excluded from working
in ISO Class 5 (see Table 1) and ISO Class 7 (see Table 1) com-
pounding areas until their conditions are remedied.

Before entering the buffer area or segregated compounding
area (see Low-Risk Level CSPs with 12-Hour or Less BUD), com-
pounding personnel shall remove personal outer garments
(e.g., bandannas, coats, hats, jackets, scarves, sweaters, vests);
all cosmetics, because they shed flakes and particles; and all
hand, wrist, and other visible jewelry or piercings (e.g., ear-
rings, lip or eyebrow piercings) that can interfere with the ef-
fectiveness of PPE (e.g., fit of gloves and cuffs of sleeves). The
wearing of artificial nails or extenders is prohibited while work-
ing in the sterile compounding environment. Natural nails shall
be kept neat and trimmed.

Personnel shall don the following PPE in an order that pro-
ceeds from those activities considered the dirtiest to those con-
sidered the cleanest. Garbing activities considered the dirtiest
include donning of dedicated shoes or shoe covers, head and

facial hair covers (e.g., beard covers in addition to face masks),
and face masks/eye shields. Eye shields are optional unless
working with irritants such as germicidal disinfecting agents
or when preparing hazardous drugs.

After donning dedicated shoes or shoe covers, head and fa-
cial hair covers, and face masks, a hand cleansing procedure
shall be performed by removing debris from underneath finger-
nails using a nail cleaner under running warm water followed by
vigorous hand washing. Hands and forearms shall be washed to
the elbows for at least 30 seconds with soap (either nonantimi-
crobial or antimicrobial) and water while in the ante-area. The
use of antimicrobial scrub brushes is not recommended be-
cause they can cause skin irritation and skin damage. Hands
and forearms to the elbows will be completely dried using ei-
ther lint-free disposable towels or an electronic hand dryer. Af-
ter completion of hand washing, a nonshedding gown with
sleeves that fit snugly around the wrists and enclosed at the
neck is donned. Gowns designated for buffer area use shall be
worn, and preferably they should be disposable. If reusable
gowns are worn, they should be laundered appropriately for
buffer area use.

Once inside the buffer area or segregated compounding area
(see Low-Risk Level CSPs with 12-Hour or Less BUD), and prior to
donning sterile powder-free gloves, antiseptic hand cleansing
shall be performed using a waterless alcohol-based surgical
hand scrub with persistent activity13 following manufacturers’
recommendations. Hands are allowed to dry thoroughly before
donning sterile gloves.

Sterile gloves shall be the last item donned before com-
pounding begins. Gloves become contaminated when they
contact nonsterile surfaces during compounding activities. Dis-
infection of contaminated gloved hands may be accomplished
by wiping or rubbing sterile 70% IPA to all contact surface areas
of the gloves and letting the gloved hands dry thoroughly. Only
use gloves that have been tested for compatibility with alcohol
disinfection by the manufacturer. Routine application of sterile
70% IPA shall occur throughout the compounding process and
whenever nonsterile surfaces (e.g. vials, counter tops, chairs,
carts) are touched. Gloves on hands shall also be routinely in-
spected for holes, punctures, or tears and replaced immediately
if such are detected. Antiseptic hand cleansing shall be per-
formed as indicated above. Compounding personnel shall be
trained and evaluated in the avoidance of touching critical sites.

When compounding personnel exit the compounding area
during a work shift, the exterior gown may be removed and re-
tained in the compounding area if not visibly soiled, to be re-
donned during that same work shift only. However, shoe
covers, hair and facial hair covers, face masks/eye shields, and
gloves shall be replaced with new ones before re-entering the
compounding area, and proper hand hygiene shall be per-
formed.

During high-risk compounding activities that precede termi-
nal sterilization, such as weighing and mixing of nonsterile in-
gredients, compounding personnel shall be garbed and gloved
the same as when performing compounding in an ISO Class 5
(see Table 1) environment. Properly garbed and gloved com-
pounding personnel who are exposed to air quality that is ei-
ther known or suspected to be worse than ISO Class 7 (see
Table 1) shall re-garb PPE along with washing their hands pro-
perly, performing antiseptic hand cleansing with a waterless al-
cohol-based surgical hand scrub, and donning sterile gloves
upon re-entering the ISO Class 7 (see Table 1) buffer area. When
CAIs and CACIs are the source of the ISO Class 5 (see Table 1)
environment, the garbing and gloving requirements for com-
pounding personnel should be as described above, unless the
isolator manufacturer can provide written documentation
based on validated environmental testing that any compo-
nent(s) of PPE or personnel cleansing are not required.

11 Agalloco J, Akers JE. Aseptic Processing: A Vision of the Future. Phar-
maceutical Technology, 2005. Aseptic Processing supplement, s16.
12 Eaton T. Microbial Risk Assessment for Aseptically Prepared Products.
Am Pharm Rev.2005; 8 (5, Sep/Oct): 46–51.

13 Guideline for Hand Hygiene in Healthcare Settings, MMWR, October
25, 2002, vol. 51, No. RR-16 available on the Internet at http://
www.cdc.gov/handhygiene/.

Pharmacopeial Forum
Vol. 36(3) [May–June 2010] IN-PROCESS REVISION 723

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Personnel Training and Competency
Evaluation of Garbing, Aseptic Work
Practices, and Cleaning/Disinfection

Procedures

Personnel who prepare CSPs shall be trained conscientiously
and skillfully by expert personnel and through multimedia in-
structional sources and professional publications in the theoret-
ical principles and practical skills of garbing procedures, aseptic
work practices, achieving and maintaining ISO Class 5 (see Ta-
ble 1) environmental conditions, and cleaning and disinfection
procedures. This training shall be completed and documented
before any compounding personnel begin to prepare CSPs.
Compounding personnel shall complete didactic training, pass
written competence assessments, undergo skill assessment us-
ing observational audit tools, and media-fill testing (see Appen-
dices III–V).

Media-fill testing of aseptic work skills shall be performed ini-
tially before beginning to prepare CSPs and at least annually
thereafter for low- and medium-risk level compounding and
semiannually for high-risk level compounding.

Compounding personnel who fail written tests or observa-
tional audits or whose media-fill test vials have one or more
units showing visible microbial contamination shall be
re-instructed and re-evaluated by expert compounding person-
nel to ensure correction of all aseptic work practice deficiencies.
Compounding personnel shall pass all evaluations prior to re-
suming compounding of sterile preparations. In addition to di-
dactic evaluation and aseptic media fill, compounding
personnel must demonstrate proficiency of proper hand hy-
giene, garbing, and consistent cleaning procedures.

In the event that cleaning and disinfecting procedures are
also performed by other support personnel (e.g., institutional
environmental services, housekeeping), thorough training of
proper hand hygiene, garbing, and cleaning and disinfection
procedures shall be done by a qualified aseptic compounding
expert. After completion of training, support personnel shall
routinely undergo performance evaluation of proper hand hy-
giene, garbing, and all applicable cleaning and disinfecting
procedures conducted by a qualified aseptic compounding ex-
pert.

COMPETENCY EVALUATION OF GARBING AND ASEPTIC WORK

PRACTICE

The risk of contaminating a CSP prepared under low-risk level
and medium-risk level conditions is highly dependent on pro-
per hand hygiene and garbing practices, compounding per-
sonnel aseptic technique, and the presence of surface
contamination, assuming that all work is performed in a certi-
fied and properly functioning ISO Class 5 (see Table 1) PEC and
secondary engineering controls, ISO Class 7 (see Table 1) buffer
area, and ISO Class 8 (see Table 1) ante-area. High-risk level
CSPs pose the greatest threat to patients because compound-
ing personnel are tasked with the requirement of processing
nonsterile components and devices in order to achieve sterility.
Compounding personnel shall be evaluated initially prior to be-
ginning compounding CSPs and whenever an aseptic media fill
is performed using a form such as the Sample Form for Assessing
Hand Hygiene and Garbing Related Practices of Compounding Per-
sonnel (see Appendix III) and the personnel glove fingertip sam-
pling procedures indicated below.

Aseptic Work Practice Assessment and Evaluation via
Personnel Glove Fingertip Sampling—Sampling of com-
pounding personnel glove fingertips shall be performed for all
CSP risk level compounding because direct touch contamina-
tion is the most likely source of introducing microorganisms in-
to CSPs prepared by humans. Glove fingertip sampling shall be
used to evaluate the competency of personnel in performing
hand hygiene and garbing procedures in addition to educating
compounding personnel on proper work practices, which in-
clude frequent and repeated glove disinfection using sterile
70% IPA during actual compounding of CSPs. All personnel
shall demonstrate competency in proper hand hygiene and

garbing procedures and in aseptic work practices (e.g., disin-
fection of component surfaces, routine disinfection of gloved
hands).

Sterile contact agar plates shall be used to sample the gloved
fingertips of compounding personnel after garbing in order to
assess garbing competency and after completing the media-fill
preparation (without applying sterile 70% IPA) in order to as-
sess the adequacy of aseptic work practices prior to being ini-
tially allowed to prepare CSPs for human use and for more
experienced personnel to maintain their qualifications to pre-
pare CSPs for human use.

Garbing And Gloving Competency Evaluation—Com-
pounding personnel shall be visually observed during the pro-
cess of performing hand hygiene and garbing procedures (see
Personnel Cleansing and Garbing under Personnel Training and
Evaluation in Aseptic Manipulation Skills above). The visual obser-
vation shall be documented on a form such as the Sample Form
for Assessing Hand Hygiene and Garbing Related Practices of Com-
pounding Personnel (see Appendix III) and maintained to provide
a permanent record and long-term assessment of personnel
competency.

Gloved Fingertip Sampling—All compounding personnel
shall successfully complete an initial competency evaluation
and gloved fingertip/thumb sampling procedure (zero cfu)
no less than three times before initially being allowed to com-
pound CSPs for human use. Immediately after the compound-
ing employee completes the hand hygiene and garbing
procedure (e.g., donning of sterile gloves prior to any disinfec-
tion with sterile 70% IPA), the evaluator will collect a gloved fin-
ger t ip and thumb sample f rom both hands of the
compounding employee onto appropriate agar plates by light-
ly pressing each fingertip into the agar. The plates will be incu-
bated for the appropriate incubation period and at the
appropriate temperature (see Incubation Period). After complet-
ing the initial gowning and gloving competency evaluation, re-
evaluation of all compounding personnel for this competency
shall occur at least annually for personnel who compound low-
and medium-risk level CSPs and semi-annually for personnel
who compound high-risk level CSPs using one or more sample
collections during any media-fill test procedure before they are
allowed to continue compounding CSPs for human use.

Immediately prior to sampling, gloves shall not be disinfected
with sterile 70% IPA. Disinfecting gloves immediately before
sampling will provide false negative results. Plates filled with nu-
trient agar with neutralizing agents such as lecithin and polysor-
bate 80 added shall be used when sampling personnel
fingertips. Personnel shall ‘‘touch’’ the agar with the fingertips
of both hands in separate plates in a manner to create a slight
impression in the agar. The sampled gloves shall be immediate-
ly discarded and proper hand hygiene performed after sam-
pling. The nutrient agar plates shall be incubated as stated
below (see Incubation Period). Results should be reported separ-
ately as number of cfu per employee per hand (left hand, right
hand). The cfu action level for gloved hands will be based on
the total number of cfu on both gloves, not per hand.

Incubation Period—At the end of the designated sampling
period for compounding personnel competency assessment
activities (surface or personnel), the agar plates are recovered
and covers secured and they are inverted and incubated at a
temperature and for a time period conducive to multiplication
of microorganisms. TSA with lecithin and polysorbate 80 shall
be incubated at 308 to 358 for 48 to 72 hours.

Aseptic Manipulation Competency Evaluation—After
successful completion of an initial Hand Hygiene and Garbing
Competency Evaluation, all compounding personnel shall have
their aseptic technique and related practice competency evalu-
ated initially during the Media-Fill Test Procedure and subsequent
annual or semi-annual Media-Fill Test Procedures. Records of
these evaluations will be maintained using a form such as the
Sample Form for Assessing Aseptic Technique and Related Practices
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of Compounding Personnel (see Appendix IV) and maintained to
provide a permanent record of and long-term assessment of
personnel competency.

Media-Fill Test Procedure—The skill of personnel to aseptically
prepare CSPs shall be evaluated using sterile fluid bacterial cul-
ture media-fill verification, (i.e., sterile bacterial culture medium
transfer via a sterile syringe and needle). Media-fill testing is
used to assess the quality of the aseptic skill of compounding
personnel. Media-fill tests shall represent the most challenging
or stressful conditions actually encountered by the personnel
being evaluated when they prepare low- and medium-risk level
CSPs and when sterilizing high-risk level CSPs. Media-fill chal-
lenge tests are also used to verify the capability of the com-
pounding environment and processes to produce sterile
preparations.

A commercially available sterile fluid culture media, such as
Soybean–Casein Digest Medium (see Sterility Tests h71i), that
is able to promote exponential colonization of bacteria that
are most likely to be transmitted to CSPs from the compound-
ing personnel and environment is commonly used. For high-
risk level CSPs nonsterile commercially available Soybean–Ca-
sein Digest Medium may be used to make a 3% solution. Nor-
mal processing steps, including filter sterilization, shall be
mimicked. Media-filled vials shall be incubated at 208 to 258
or at 308 to 358 for a minimum of 14 days. If two temperatures
are used for incubation of media-filled samples, then these filled
containers should be incubated for at least 7 days at each tem-
perature (see Microbiological Evaluation of Clean Rooms and Oth-
er Controlled Environments h1116i). Failure is indicated by visible
turbidity in any one of the media-fill units on or before 14 days.
Other methodologies recommended by a competent microbi-
ologist to enhance recovery time and sensitivity to detect mi-
crobial contamination may be considered (see CSP Microbial
Contamination Risk Levels for examples of media-fill proce-
dures).

SURFACE CLEANING AND DISINFECTION SAMPLING AND

ASSESSMENT

Surface sampling is an important component of the mainte-
nance of a suitable microbially controlled environment for com-
pounding CSPs, especially since transfer of microbial
contamination from improperly disinfected work surfaces via
inadvertent touch contact by compounding personnel can be
a potential source of contamination into CSPs. It is useful for
evaluating facility and work surface cleaning and disinfecting
procedures and employee competency in work practices such
as disinfection of component/vial surface cleaning. Surface
sampling shall be performed in all ISO classified areas on a per-
iodic basis. Sampling can be accomplished using contact plates
or swabs, and it shall be done at the conclusion of compound-
ing. Locations to be sampled shall be defined in a sample plan
or on a form. The size of the plate to be used for each sampled
location usually ranges from 24 to 30 cm2. Contact plates are
filled with general solid agar growth medium and neutralizing
agents above the rim of the plate, and they are used for sam-
pling regular or flat surfaces. Swabs may be used for sampling
irregular surfaces, especially for equipment (see Microbiological
Evaluation of Clean Rooms and Other Controlled Environments
h1116i).

Cleaning and Disinfecting Competency Evaluation—
Compounding personnel and other personnel responsible for
cleaning shall be visually observed during the process of per-
forming cleaning and disinfecting procedures, during initial
personnel training on cleaning procedures, during changes in
cleaning staff, and at the completion of any media-fill test pro-
cedure (see Cleaning and Disinfecting of Compounding Areas).

The visual observation shall be documented using a form
such as the Sample Form for Assessing Cleaning and Disinfection
Procedures (see Appendix V) and maintained to provide a perma-
nent record and long-term assessment of personnel competen-
cy.

Surface Collection Methods—To sample surfaces using a
contact plate, gently touch the sample area with the agar sur-
face and roll the plate across the surface to be sampled. The
contact plate will leave a growth media residue behind; there-
fore, immediately after sampling with the contact plate, the
sampled area shall be thoroughly wiped with a nonshedding
wipe soaked in sterile 70% IPA.

If an area is sampled via the swab method, collection of the
sample is processed by using appropriate procedures that will
result in the surface location equivalent to that of a contact
plate. After swabbing the surface to be sampled, swabs are
placed in an appropriate diluent; an aliquot is planted on or
in the specified nutrient agar. Results should be reported as
cfu per unit of surface area.

Action Levels, Documentation, and Data
Evaluation

The value of viable microbial monitoring of gloved fingertips
and surfaces of components and the compounding environ-
ment are realized when the data are used to identify and correct
an unacceptable work practice. Sampling data shall be collect-
ed and reviewed on a routine basis as a means of evaluating the
overall control of the compounding environment. If an activity
consistently shows elevated levels of microbial growth, compe-
tent microbiology personnel shall be consulted.

Any cfu count that exceeds its respective action level (see Ta-
ble 4) should prompt a re-evaluation of the adequacy of person-
nel work practices, cleaning procedures, operational
procedures, and air filtration efficiency within the aseptic com-
pounding location. An investigation into the source of the con-
tamination shall be conducted. Sources could include HVAC
systems, damaged HEPA filters, and changes in personnel garb-
ing or working practices. The source of the problem shall be el-
iminated, the affected area cleaned, and resampling
performed.

When gloved fingertip sample results exceed action levels af-
ter proper incubation, a review of hand hygiene and garbing
procedures as well as glove and surface disinfection procedures
and work practices shall be performed and documented. Em-
ployee training may be required to correct the source of the
problem.

Counts of cfu are to be used as an approximate measure of
the environmental microbial bioburden. Action levels are deter-
mined on the basis of cfu data gathered at each sampling loca-
tion and trended over time. The numbers in Table 4 should be
used only as guidelines. Regardless of the number of cfu iden-
tified in the compounding facility, further corrective actions will
be dictated by the identification of microorganisms recovered
(at least the genus level) by an appropriate credentialed labor-
atory of any microbial bioburden captured as a cfu using an im-
paction air sampler. Highly pathogenic microorganisms (e.g.,
Gram-negative rods, coagulase positive staphylococcus, molds
and yeasts) can be potentially fatal to patients receiving CSPs
and shall be immediately remedied, regardless of cfu count,
with the assistance of a competent microbiologist, infection
control professional, or industrial hygienist.

Table 4. Recommended Action Levels for Microbial
Contamination*

Classification
Fingertip
Sample

Surface Sample
(Contact Plate)
(cfu per plate)

ISO Class 5 4 3 4 3

ISO Class 7 N/A 4 5

ISO Class 8
or worse

N/A 4 100

* Pharmaceutical Inspection Co-operation Scheme (PIC/S)
Guide to Good Manufacturing Practice for Medicinal Products An-
nexes PE 009-6, 5 April 2007.
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GENERAL CHAPTERS

General Information

BRIEFING

h1050i Viral Safety Evaluation of Biotechnology Prod-
ucts Derived from Cell Lines of Human or Animal
Origin, USP 32 page 472. Approximately a decade ago, the
United States Pharmacopeial Convention (USP) adapted the In-
ternational Conference on Harmonization guideline titled Viral
Safety Evaluation of Biotechnology Products Derived from Cell Lines
of Human or Animal Origin (Q5A R1) as USP general chapter
h1050i, first appearing in USP 24–NF 19 (official January 1,
2000) and published unchanged in all subsequent volumes
up to the present. In this period, both technologies and con-
cepts in viral clearance approaches have improved. To update
Chapter h1050i, the USP Council of Experts’ Vaccine and Virol-
ogy Expert Committee has made the following proposed revi-
sions:
1. Revised Section VI, ‘‘Evaluation and Characterization of Vi-

ral Clearance Procedures’’, to provide a more practical ap-
proach to viral clearance studies.

2. Added schematic flowcharts/diagrams to better illustrate
the potential and most often used action points where viral
clearance steps should be placed.

3. Updated tables containing examples of model viruses.
4. Updated the glossary.
5. Made additions and deletions to reflect improved current

practices of viral testing in a biological product life cycle.
Overall, the revision is designed to update understanding of

the following four topics:
1. How viruses can enter the manufacturing process.
2. How mammalian master cell banks and working cell banks

should be assessed to ensure that they are free of viruses.
3. How manufacturing intermediates and bulks are to be

tested and for which viruses.
4. How an entire manufacturing process should be assessed

in order to demonstrate that the downstream process
has enough capacity in each step to remove viruses.

This general chapter revision is designed to assist manufac-
turers in understanding regulatory requirements.

(BB-VV: T. Morris.) RTS—C51078

Change to read:

I. INTRODUCTION
This document

&general information chapter&1S (USP34)

is concerned with the testing and evaluation of the viral safety
of biotechnology products derived from characterized cell lines
of human or animal origin (i.e., mammalian, avian, insect), and
outlines

&the testing and&1S (USP34)

data that should be submitted in the marketing application/
registration package. For the purposes of this document

&chapter,&1S (USP34)
the term virus excludes nonconventional transmissible agents
like those associated with bovine spongiform Encephalopathy

&encephalopathies&1S (USP34)

(BSEs) and scrapie. Applicants are encouraged to discuss issues
associated with BSE

&transmissible spongiform encephalopathy&1S (USP34)

with the

&

&1S (USP34)

regulatory authorities.
The scope of the document covers products derived from cell

cultures initiated from characterized cell banks. It covers prod-
ucts derived from in vitro cell culture, such as interferons,
monoclonal antibodies, and recombinant deoxyribonucleic ac-
id (DNA)-derived products including recombinant subunit vac-
cines, and also includes products derived from hybridoma cells
grown in vivo as ascites.

&This general information chapter covers biotechnology

products such as interferons, monoclonal antibodies,

and recombinant deoxyribonucleic acid (rDNA)-derived

products, including recombinant subunit vaccines; it also

includes products derived from hybridoma cells grown in

vivo as ascites.&1S (USP34)

In this latter case, special considerations apply, and additional
information on testing cells propagated in vivo is included in
Appendix 2. Inactivated vaccines, all live vaccines containing
self-replicating agents, and genetically engineered live vectors
are excluded from the scope of this document

&chapter.&1S (USP34)
The risk of viral contamination is a feature common to all bi-

otechnology products derived from cell lines. Such contamina-
tion

&and&1S (USP34)

could have serious clinical consequences. and can arise from
the contamination of the source cell lines themselves (cell sub-
strates) or from adventitious introduction of virus during pro-
duction. To date, however, biotechnology products derived
from cell lines have not been implicated in the transmission of
viruses.

&Viral contamination can be introduced from the starting

materials, source cell lines (cell substrates), and during

the manufacturing process. Biotechnology products de-

rived from cell lines, however, have not been implicated

in the transmission of viruses to patients. Although the

potential of viral contamination of the bulk harvests ex-

ists, the safety of biotechnology-derived products with

regard to viral contamination can be reasonably ensured

through the application of a virus-testing program and

the assessment of virus removal and inactivation

achieved during the manufacturing process.&1S (USP34)
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Nevertheless, it is expected that the safety of these products
with regard to viral contamination can be reasonably assured
only by the application of a virus testing program and assess-
ment of virus removal and inactivation achieved by the manu-
facturing process, as outlined below.

&

&1S (USP34)

Three principal, complementary approaches have evolved to
control the potential viral contamination of biotechnology

&-derived&1S (USP34)

products:

1. Selecting and testing cell lines and other raw materials, in-
cluding media components, for the absence of undesirable
viruses that may be infectious and/or pathogenic for hu-
mans;

2. Assessing the capacity of production processes to clear in-
fectious viruses;

&and&1S (USP34)

3. Testing the product at appropriate steps of production for
the absence of contaminating infectious viruses.

All testing suffers from the inherent limitation of quantitative
virus assays, e.g. that is the ability to detect low viral concentra-
tions depends for statistical reasons on the size of the sample.
Therefore, no single approach will necessarily establish the safe-
ty of a product. Confidence that infectious virus is absent from
the final product will in many instances not be derived solely
from direct testing for their presence, but also from a demon-
stration that the purification regimen is capable of removing
and/or inactivating the viruses.

&An inherent limitation of quantitative viral assays is their

lack of ability to detect low viral concentrations, and no

single approach will necessarily establish the safety of a

product. Demonstration that infectious viruses are ab-

sent from the final product may not be derived solely

from direct testing for their presence but also from a

demonstration that the purification regimen is capable

of removing and/or inactivating the viruses.&1S (USP34)

The type and extent of viral tests and viral clearance studies
needed at different steps of production will depend

&depends&1S (USP34)
on various factors and should be considered on case-by-case
and step-by-step bases. The factors that should be taken into
account include the

&type of product, its intended clinical use, the&1S (USP34)

extent of cell bank characterization and qualification, the na-
ture of any viruses detected,culture medium constituents, cul-
ture methods,

&culture methods, medium constituents,&1S (USP34)

facility and equipment design, the results of viral tests after cell
culture, the ability of the process to clear viruses, and the type
of product and its intended clinical use.

&viral clearance processes, the results of viral tests after

cell culture, and the product’s intended clinical

use.&1S (USP34)
The purpose of this document

&chapter&1S (USP34)

is to describe a general framework

&with specific requirements&1S (USP34)
for viral testing, experiments for the assessment of viral clear-
ance, and a recommended approach for the design of viral tests
and viral clearance studies. Related information is described in
the appendices, and selected definitions are provided in the
glossary.

&Appendix 1, the glossary.&1S (USP34)
Manufacturers should adjust the recommendations present-

ed here to their specific product and its production process

&information presented in this chapter to their product

and production processes.&1S (USP34)
The approach used by manufacturers in their overall strategy
for ensuring viral safety should be explained

&described&1S (USP34)

and justified. In addition to the detailed data that are provided,
an overall summary of the viral safety assessment would

&may&1S (USP34)

be useful in facilitating the review by regulatory authorities

&regulatory review.&1S (USP34)

This summary should contain a brief description of all aspects of
the viral safety studies and strategies used to prevent virus con-
tamination as they pertain to this document

&explained in this chapter.&1S (USP34)

Change to read:

II. POTENTIAL SOURCES OF VIRUS

&VIRAL&1S (USP34)
CONTAMINATION

Viral contamination of biotechnology products may arise
from the original source of the cell lines,

&from raw materials used during the production proces-

ses,&1S (USP34)

or from adventitious introduction of virus during production
processes.

A. Viruses That Could Occur in the Master Cell
Bank (MCB)

Cells may have latent or persistent virus infection (e.g., her-
pesvirus) or endogenous retrovirus which may

&that can&1S (USP34)

be transmitted vertically from one cell generation to the next,
since

&because&1S (USP34)

the viral genome persists within the cell. Such viruses may be
constitutively expressed or may unexpectedly become ex-
pressed as an infectious virus.

Viruses can be introduced into the MCB by several routes,
such as (1) derivation of cell lines from infected animals; (2)
the use of virus to establish the cell line; (3) the use of contam-
inated biological reagents such as animal serum

&

&1S (USP34)

components,

&especially serum and trypsin; and&1S (USP34)
(4) contamination during cell handling.
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B. Adventitious Viruses That Could Be
Introduced During Production

Adventitious viruses can be introduced into the final product
by several routes, including, but not limited to, the following:
1. The use of contaminated biological reagents such as ani-

mal serum

&animal-derived&1S (USP34)
components;
2. The use of a virus for the induction of expression of specific

genes encoding a desired protein;
3. The use of a contaminated reagent, such as a monoclonal

antibody affinity column;
4. The use of a contaminated excipient

&contaminated excipients&1S (USP34)

during formulation; and
5. Contamination during cell and medium handling.

&Human cell substrates are susceptible to infection with

adenoviruses, herpesviruses, and cytomegaloviruses.

Chinese hamster cell substrates are susceptible to infec-

tions with murine minute virus, reoviruses, and Cache

Valley virus. The latter viruses may originate in fetal bo-

vine serum used during the manufacturing process,

and the mouse parvovirus is thought to originate

from other raw materials or from environmental

sources.&1S (USP34)

Monitoring of cell culture parameters

&such as cell viability&1S (USP34)

can be helpful in the early detection of potential adventitious
viral contamination.

Change to read:

III. CELL LINE QUALIFICATION: TESTING FOR
VIRUSES

An important part of qualifying a cell line for use in the pro-
duction of a biotechnology product is the appropriate testing
for the presence of virus.

A. Suggested Virus Tests for a Master Cell
Bank (MCB), a Working Cell Bank (WCB), and
Cells at the Limit of In Vitro Cell Age Used for

Production

Table 1 shows examples of virus tests to be

&that should be&1S (USP34)
performed once only at various cell levels, including MCB,
WCB, and cells at the limit of in vitro cell age used for produc-
tion.

Examples of Virus Tests to be Performed Once At Various Cell Levels

MCB WCB1 Cells at the Limit2

Tests for Retroviruses and Other Endogenous Viruses
Infectivity + – +
Electron microscopy3 +3 – +3

Reverse transcriptase4 +4 – +4

Other virus-specific tests5 as appropri-
ate5

– as appropriate5

Tests for Nonendogenous or Adventitious Viruses
In vitro Asays + –6 +
In vivo Assays + –6 +
Antibody production tests7 +7 – –
Other virus-specific testsh +h – –

1 See text—section III.A.2.
2 Cells at the limit: Cells at the limit of in vitro cell age used for production (See text—section III.A.3.).
3 May also detect other agents.
4 Not necessary if positive by retrovirus infectivity test.
5 As appropriate for cell lines which are known to have been infected by such agents.
6 For the first WCB, this test should be performed on cells at the limit of in vitro cell age, generated from that WCB; for WCB’s
subsequent to the first WCB, a single in vitro and in vivo test can be done either directly on the WCB or on cells at the limit of in
vitro cell age.
7 e.g., MAP, RAP, HAP—usually applicable for rodent cell lines.
8 e.g., tests for cell lines derived from human, nonhuman primate, or other cell lines as appropriate.
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&Table 1. Examples of Virus Tests That Should be Performed Once at Various Cell Levels

Test Type MCB WCBa Cells at the Limitb

Tests for retroviruses and

other endogenous

viruses

Infectivity + – +

Electron microscopyc +c – +c

Reverse transcriptased +d – +d

Other virus-specific testse As appropriate – As appropriate

Tests for nonendogenous

or adventitious viruses

In vitro assays + –f +

In vivo assays + –f +

Antibody production testsg +g – –

Other virus-specific testsh +h – –

a See text—section III.A.2, ‘‘Working Cell Bank’’.
b Cells at the limit of in vitro cell age used for production. See text—section III.A.3, ‘‘Cells At the Limit of In Vitro Cell Age Used for
Production’’.
c May also detect other agents.
d Not necessary if positive by retrovirus infectivity test.
e As appropriate for cell lines which are known to have been infected by such agents.
f For the first WCB, this test should be performed on cells at the limit of in vitro cell age, generated from that WCB; for WCBs sub-
sequent to the first WCB, a single in vitro and in vivo test can be done either directly on the WCB or on cells at the limit of in vitro cell
age.
g E.g., mouse antibody production (MAP) test, rat antibody production (RAP) test, hamster antibody production (HAP) test—us-
ually applicable to rodent cell lines.
h E.g., tests for cell lines derived from human, nonhuman primate, or other cell lines as appropriate.

&1S (USP34)

1. MASTER CELL BANK

Extensive screening for both endogenous and nonendogen-
ous viral contamination should be performed on the MCB. For
heterohybrid cell lines in which one or more partners are hu-
man or nonhuman primate in origin, tests should be performed
in order to detect viruses of human or nonhuman primate ori-
gin because viral contamination arising from these cells may
pose a particular hazard. Testing for nonendogenous viruses
should include in vitro and in vivo inoculation tests and any oth-
er specific tests, including species-specific tests such as the
mouse antibody production (MAP) test, that are appropriate,
based on the passage history of the cell line, to detect possible
contaminating viruses.

2. WORKING CELL BANK

Each WCB

&used&1S (USP34)

as a starting cell substrate for drug production should be tested
for adventitious virus either by direct testing or by analysis of
cells at the limit of in vitro cell age, initiated from the WCB.
When appropriate nonendogenous virus tests have been per-
formed on the MCB and cells cultured up to or beyond the limit
of in vitro cell age have been derived from the WCB and used

for testing for the presence of adventitious viruses, similar tests
need not be performed on the initial WCB. Antibody produc-
tion tests usually are not necessary for the WCB. An alternative
approach in which full tests are carried out on the WCB rather
than on the MCB would also be considered

&may also be&1S (USP34)

acceptable.

3. CELLS AT THE LIMIT OF IN VITRO CELL AGE USED FOR

PRODUCTION

The limit of in vitro cell age used for production should be
based on data derived from production cells expanded under
pilot-plant–scale or commercial-scale conditions to the pro-
posed in vitro cell age or beyond. Generally, the production
cells are obtained by expansion of the WCB; the MCB could also
be used to prepare the production cells. Cells at the limit of in
vitro cell age should be evaluated once for those endogenous
viruses that may have been undetected in the MCB and the
WCB. The performance of suitable tests (e.g., in vitro and in vi-
vo) at least once on cells at the limit of in vitro cell age used for
production would provide further assurance that the produc-
tion process is not prone to contamination by adventitious vi-
rus. If any adventitious viruses are detected at this level, the
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process should be carefully checked in order to determine the
cause of the contamination and should be completely rede-
signed if necessary.

B. Recommended Viral Detection and
Identification Assays

Numerous assays can be used for the detection of endoge-
nous and adventitious viruses. Table 2 outlines examples for
these assays.They should be regarded as assay protocols recom-
mended for the present, but the

&The&1S (USP34)

list is not all-inclusive or definitive. Since

&and should be regarded as recommended current assay

protocols. Because&1S (USP34)

the most appropriate techniques may change with scientific
progress

&as science progresses,&1S (USP34)
proposals for alternative

&equivalent or better&1S (USP34)

techniques, when accompanied by adequate supporting data,
may be acceptable. Manufacturers are encouraged to discuss
these alternatives with the regulatory authorities.

&

&1S (USP34)

Other tests may be necessary, depending on the individual
case. Assays should include appropriate controls to ensure ad-
equate sensitivity and specificity. Wherever a relatively high
possibility of the presence of a specific virus can be predicted
from the species of origin of the cell substrate, specific tests
and/or approaches may be necessary. If the cell line used for
production is of human or nonhuman primate origin, addition-
al tests for human viruses, such as those causing immunodefi-
ciency diseases and hepatitis, should be performed unless
otherwise justified. The polymerase chain reaction (PCR) may
be appropriate for detection of sequences of other human vi-
ruses as well as for other specific viruses. The following

&Following&1S (USP34)

is a brief description of a general framework and philosophical
background within which the manufacturer should justify what
was done

&the testing conducted. See details in Virology Test Meth-

ods h1237i for the following viral tests.&1S (USP34)

1. TESTS FOR RETROVIRUSES

For the MCB and for cells cultured up to or beyond the limit
of in vitro cell age used for production, tests for retroviruses, in-
cluding infectivity assays in sensitive cell cultures and electron
microscopy (EM) studies, should be carried out. If infectivity is
not detected and no retrovirus or retrovirus-like particles have
been observed by EM, reverse transcriptase (RT)

&(RT-OCR)&1S (USP34)

or other appropriate assays should be performed to detect ret-
roviruses that may be noninfectious. Induction studies have not
been found to be useful.

2. IN VITRO ASSAYS

In vitro tests are carried out

&conducted&1S (USP34)

by the inoculation of a test article

&sample&1S (USP34)

(see Table 2) into various susceptible indicator cell cultures ca-
pable of detecting a wide range of human and relevant animal
viruses.

&The tests are not optimized for any single viral agent,

because this is intended to be a general virus screening

assay.&1S (USP34)
The choice of

&indicator&1S (USP34)

cells used in the test is governed by the species of origin of the
cell bank to be tested but should include a human and/or

&diploid and&1S (USP34)

a nonhuman primate cell line susceptible to human viruses.

&A third host cell line that should be used is an indicator

cell of the same species as the cell bank being tested. Ad-

ditional indicator cell cultures may be desirable for detec-

tion of specific viruses of risk. The duration of the test is

also governed by the species of origin of the cell bank to

be tested. For human cell substrates, a 28-day duration is

appropriate in order to allow sufficient time for expres-

sion of slow-growing viruses such as cytomegalovirus.

For nonhuman cell substrates, a 14-day duration is con-

sidered sufficient.&1S (USP34)

The nature of the assay and the sample to be tested are

&is therefore&1S (USP34)
governed by the type of virus which may possibly

&that may&1S (USP34)

be present, on the basis of the origin or

&and&1S (USP34)
handling of the cells. Both cytopathic and hemadsorbing virus-
es should be sought.

3. IN VIVO ASSAYS

A test article (see Table 2) should be inoculated into animals,
including suckling and adult mice, and into embryonated eggs
to reveal

&detect&1S (USP34)

viruses that cannot grow in cell cultures. Additional animal spe-
cies may be used, depending on the nature and source of the
cell lines being tested. The health of the animals should be
monitored, and any abnormality should be investigated to es-
tablish the cause of the illness.

4. ANTIBODY PRODUCTION TESTS

Species-specific viruses present in rodent cell lines may be de-
tected by inoculating

&the&1S (USP34)

test article (see Table 2) into virus-free animals and examining
the serum antibody level or enzyme activity after a specified pe-
riod. Examples of such tests are the mouse antibody production
(MAP) test, rat antibody production (RAP) test, and hamster an-
tibody production (HAP) test.
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&Mouse cell substrates should be tested using the mouse

antibody production (MAP) test; hamster cell substrates

should be tested using both the MAP test and the ham-

ster antibody production (HAP) test. Rat cell substrates

should be tested using the rat antibody production

(RAP) test.&1S (USP34)

The viruses currently screened for in the

&in&1S (USP34)

antibody production assays are discussed in Table 3.

Table 2. Examples of the Use and Limitations of Assays That Can Be Used to Test for Virus

Test Test Article
Detection
Capability

Detection
Limitation

Antibody production Lysate of cells and their cul-
ture medium

Specific viral antigens Antigens not infectious for animal
test system

In vivo virus screen Lysate of cells and their cul-
ture medium

Broad range of viruses
pathogenic for humans

Agents failing to replicate or pro-
duce diseases in the test system

In vitro virus screen for: Broad range of viruses
pathogenic for humans

Agents failing to replicate or pro-
duce responses in the test system

1. Cell bank characteriza-
tion

1. Lysate of cells and their
culture medium (for coculti-
vation, intact cells should be
in the test article)

2. Production screen 2. Unprocessed bulk har-
vest or lysate of cells and their
cell culture medium from the
production reactor

TEM

&Transmission electron

microscopy (TEM)&1S (USP34)

on:

Virus and virus-like par-
ticles

Qualitative assay with assessment of
identity

1. Cell substrate 1. Viable cells

2. Cell culture supernatant 2. Cell-free culture superna-
tant

Reverse transcriptase (RT) Cell-free culture supernatant Retroviruses and ex-
pressed retroviral RT

Only detects

&Detects only&1S (USP34)
enzymes with optimal activity un-
der preferred conditions. Interpre-
tation may be difficult due to
presence of cellular enzymes; back-
ground with some concentrated
samples

Retrovirus (RV) infectivity Cell-free culture supernatant Infectious retroviruses RV failing to replicate or form dis-
crete foci or plaques in the chosen
test system

Cocultivation Viable cells Infectious retroviruses RV failing to replicate

1. Infectivity endpoint 1. See above under Retrovirus
(RV) infectivity

2. TEM endpoint 2. See above under
Transmission electron microscopy
(TEM)a

3. RT endpoint 3. See above under Reverse tran-
scriptase (RT)

Polymerase chain reaction
(PCR)

Cells, culture fluid, and other
materials

Specific virus
sequences

Primer sequences must be present.
Does not indicate whether virus is
infectious.

a In addition, difficult to distinguish test article from indicator cells.
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Table 3. Virus Detected in Antibody Production Tests

MAP HAP RAP

Ectromelia virusb,c Lymphocytic choriomeningitis virus
(LCM)a,c

Hantaan virusa,c

Hantaan virusa,c Pneumonia virus of mice (PVM)b,c Kilham rat virus (KRV)b,c

K virusb Reovirus Type 3 (Reo3)a,c Mouse encephalomyelitis virus (Theilers,
GDVII)b

Lactic dehydrogenase virus (LDM)a,c Sendai virusa,c Pneumonia virus of mice (PVM)b,c

Lymphocytic choriomeningitis virus
(LCM)a,c

SV5 Rat coronavirus (RCV)b

Minute virus of miceb,c Reovirus Type 3 (Reo3)

&Reo3&1S (USP34)
a,c

Mouse adenovirus (MAV)b,c Sendai virusa,c

Mouse cytomegalovirus (MCMV)b,c Sialoacryoadenitis virus (SDAV)b

Mouse encephalomyelitis virus (Theilers,
GDVII)b

Toolan virus (HI)b,c

Mouse hepatitis virus (MHV)b

Mouse rotavirus (EDIM)b,c

Pneumonia virus of mice (PVM)b,c

Polyoma virusb

Reovirus Type 3 (Reo3)a,c

Sendai virusa,c

Thymic virusb

a Viruses for which there is evidence of capacity for infecting humans or primates.
b Viruses for which there is no evidence of capacity for infecting humans.
c Virus capable of replicating in vitro in cells of human or primate origin.

C. Acceptability of Cell Lines

It is recognized that some

&Some&1S (USP34)

cell lines used for the manufacture of product contain endoge-
nous retroviruses, other viruses, or viral sequences. In such cir-
cumstances, the action plan recommended for manufacture is
described in Section V of this document

&chapter.&1S (USP34)

The acceptability of cell lines containing viruses other than en-
dogenous retroviruses will be considered on an individual basis
by the

&

&1S (USP34)
regulatory authorities, by taking into account a risk/benefit
analysis based on the benefit of the product and its intended
clinical use, the nature of the contaminating viruses, their po-
tential for infecting humans or for causing disease in humans,
the purification process for the product (e.g., viral clearance
evaluation data), and the extent of the virus tests conducted
on the purified bulk.

Change to read:

IV. TESTING FOR VIRUSES IN UNPROCESSED BULK
The unprocessed bulk constitutes one or multiple pooled har-

vests of cells and culture media. When cells are not readily ac-
cessible (e.g., hollow fiber), or similar systems

&

&1S (USP34)
the unprocessed bulk would constitute

&can be represented by&1S (USP34)

fluids harvested from the fermenter. A representative sample of
the unprocessed bulk removed from the production reactor

&process&1S (USP34)

prior to further processing,

&purification&1S (USP34)

represents one of the most suitable levels at which the possibil-
ity of adventitious virus contamination can be determined with
a high probability of detection. Appropriate testing for viruses
should be performed at the unprocessed bulk level unless virus
testing is made more sensitive by initial partial processing (e.g.,
unprocessed bulk may be toxic in test

&to the detector&1S (USP34)
cell cultures, whereas partially processed bulk may not be tox-
ic). In certain instances, it may be more appropriate to test

&rare instances, testing of&1S (USP34)

a mixture consisting of both intact and disrupted cells and their
cell culture supernatants removed from the production reactor
prior to further processing.

&process before purification may be more appropriate. In

vitro screening tests using multiple detector cell lines se-

lected as described above (Section III. B. 2), should be

employed to test unprocessed bulk samples on a lot-

by-lot basis. If appropriate, a PCR test or other nucleic ac-

ids-based test may be used to test for specific viruses of

concern. The volume of each product lot to be tested is

not specified and typically is small compared to the over-

all volume of the process. For this reason the viral screen-
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ing assays will be expected to detect a relatively gross vi-

ral infection of the process. Low-level contamination or

nonhomogenous contamination of the lot may not be

detected in such tests. In these cases, viral safety of the

resulting products is ensured through purification (viral

clearance) processes that may include an assessment of

the effectiveness of facility- and column-cleaning regi-

mens and viral clearance processes for the specific viral

agent detected.&1S (USP34)
Data from at least three lots of unprocessed bulk at pilot-

plant scale or commercial scale should be submitted as part
of the marketing application/registration package. It is recom-
mended that manufacturers

&Manufacturers should&1S (USP34)
develop programs for the ongoing assessment of adventitious
viruses in production batches.

The scope, extent, and frequency of virus testing on the un-
processed bulk should be determined by taking several points
into consideration, including the nature of the cell lines used to
produce the desired products, the results and extent of virus
tests performed during the qualification of the cell lines, the cul-
tivation method, raw material sources, and results of viral clear-
ance studies. In vitro screening tests, using one or several cell
lines, are generally employed to test unprocessed bulk. If appro-
priate, a PCR test or other suitable methods may be used.

&

&1S (USP34)
Generally, harvest material in which adventitious virus has

been detected should not be used to manufacture the product.
If any adventitious viruses are detected at this level, the process
should be carefully checked to determine the cause of the con-
tamination, and appropriate actions taken.

Change to read:

V. RATIONALE AND ACTION PLAN FOR VIRAL CLEAR-
ANCE STUDIES AND VIRUS TESTS ON PURIFIED BULK

It is important to design the

&The&1S (USP34)

most relevant and rational protocol

&should be designed&1S (USP34)

for virus tests from the MCB level, through the various steps of
drug production, to the final product including evaluation and
characterization of viral clearance from unprocessed bulk. The
evaluation and characterization of viral clearance plays a critical
role in this scheme. The goal should be to obtain the best

&most&1S (USP34)

reasonable assurance that the product is free of virus contami-
nation.

In selecting viruses to use for a clearance study, it is useful to
distinguish

&it is important that there be a careful understanding of

the difference&1S (USP34)

between the need to evaluate processes for their ability to clear
viruses that are known to be present and the desire to estimate
the robustness of the process by characterizing the clearance of
nonspecific ‘‘model’’ viruses (described later). Definitions of
‘‘relevant,’’ specific, and nonspecific ‘‘model’’

&model viruses (described later). Definitions of relevant,

specific, and nonspecific model&1S (USP34)
viruses are given in the glossary

&Appendix 1, the glossary.&1S (USP34)

Process evaluation requires knowledge of how much virus
may be present in the process, such as the unprocessed bulk,
and how much can be cleared in order to assess product safety.
Knowledge of the time dependence for inactivation procedures
is helpful in ensuring the effectiveness of the inactivation pro-
cess. When evaluating clearance of known contaminants,

&one seeks&1S (USP34)
in-depth, time-dependent inactivation studies, demonstration
of reproducibility of inactivation/removal, and evaluation of
process parameters.should be provided.

&

&1S (USP34)

When a manufacturing process is characterized for robust-
ness of clearance using nonspecific ‘‘model’’ viruses, particular
attention should be paid to nonenveloped viruses in the study
design

&model viruses, particular attention to nonenveloped vi-

ruses in the study design is important.&1S (USP34)
The extent of viral clearance characterization studies may be in-
fluenced by the results of tests on cell lines and unprocessed
bulk. These studies should be performed as described in Section
VI.

Table 4 presents an example of an action plan in terms of pro-
cess evaluation and characterization of viral clearance as well as
virus tests on purified bulk, in response to the results of virus
tests on cells and/or the unprocessed bulk. Various cases are
considered. In all cases, characterization of clearance using
nonspecific ‘‘model’’

&model&1S (USP34)

viruses should be performed. The most common situations are
Cases A and B, below. Production systems contaminated with a
virus other than a rodent retrovirus are normally not used.
Where there are convincing and well-justified reasons for drug
production using a cell line from Cases C, D, or E, below, these
should be discussed with the

&

&1S (USP34)

regulatory authorities. With Cases C, D, and E, it is important to
have

&

&1S (USP34)

validated effective steps to inactivate/remove the virus in ques-
tion from the manufacturing process

&are important.&1S (USP34)
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Table 4. Action Plan for Process Assessment of Viral Clearance and Virus Tests on Purified Bulk

Case A Case B Case Cb Case Db Case Eb

Status
Presence of virusa – – + + (+)

&+&1S (USP34)
c

Virus-like particlesa – – – – (+)

&+&1S (USP34)
c

Retrovirus-like particlesa – + – – (+)

&+&1S (USP34)
c

Virus identified not appli-
cable

+ + + –

Virus pathogenic for humans not appli-
cable

–d –d + unknown

Action

Process characterization of viral clearance using non-
specific‘‘model’’

&model&1S (USP34)

viruses

yese yese yese yese yesg

Process evaluation of viral clearance using ‘‘relevant’’

&relevant&1S (USP34)

or specific
‘‘model’’

&model&1S (USP34)

viruses

no yesf yesf yesf yesg

Test for virus in purified bulk not appli-
cable

yesh yesh yesh yesh

a Results of virus tests for the cell substrate and/or at the unprocessed bulk level. Cell cultures used for production which are con-
taminated with viruses will generally not be acceptable.
&Production cell cultures that are contaminated with viruses generally will not be acceptable.&1S (USP34)

Endogenous viruses (such as retroviruses) or viruses that are an integral part of the MCB may be acceptable if appropriate viral
clearance evaluation procedures are followed.
b The use of source material which is contaminated with viruses, whether or not they are known to be infectious and/or pathogenic
in humans, will only be acceptable
&be acceptable only&1S (USP34)

under very exceptional circumstances.
c Virus has been observed by either direct or indirect methods.
d Believed to be nonpathogenic.
e Characterization of clearance using nonspecific ‘‘model’’
&model&1S (USP34)

viruses should be performed.
f Process evaluation for ‘‘relevant’’ viruses or specific ‘‘model’’
&relevant viruses or specific model&1S (USP34)

viruses should be performed.
g See text under Case E.
h The absence of detectable virus should be confirmed for purified bulk by means of suitable methods having high specificity and
sensitivity for the detection of the virus in question. For the purpose of marketing authorization, data from at least 3
&three&1S (USP34)

lots of purified bulk manufactured at pilot-plant or commercial scale should be provided. However, for cell lines such as CHO cells for
which the endogenous particles have been extensively characterized and adequate clearance has been demonstrated, it is not us-
ually necessary to assay for the presence of the noninfectious particles in purified bulk.
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Case A. Where no virus, virus-like particle, or retrovirus-like
particle has been demonstrated in the cells or in the unpro-
cessed bulk, virus removal and inactivation studies should be
performed with nonspecific ‘‘model’’

&model&1S (USP34)

viruses as previously stated.
Case B. Where only a rodent retrovirus (or a retrovirus-like

particle that is believed to be nonpathogenic, such as rodent
A- and R-type particles) is present, process evaluation using a
specific ‘‘model’’ virus,

&model virus,&1S (USP34)

such as a murine leukemia virus, should be performed. Purified
bulk should be tested using suitable methods having high spec-
ificity and sensitivity for the detection of the virus in question.
For marketing authorization, data from at least three lots of pu-
rified bulk at pilot-plant scale or commercial scale should be
provided. Cell lines such as Chinese hamster ovary (CHO),
C127, baby hamster kidney (BHK), and murine hybridoma cell
lines have frequently been used as substrates for drug produc-
tion with no reported safety problems related to viral contam-
ination of the products. For these cell lines in which the
endogenous particles have been extensively characterized
and clearance has been demonstrated, it is not usually neces-
sary to

&

&1S (USP34)

assay for the presence of the noninfectious particles in purified
bulk

&is usually not necessary.&1S (USP34)

Studies with nonspecific ‘‘model’’

&model&1S (USP34)

viruses, as in Case A, are appropriate.
Case C. When the cells or unprocessed bulk are known to

contain a virus, other than a rodent retrovirus, for which there
is no evidence of capacity for infecting humans (such as those
identified by footnote b in Table 3, except rodent retroviruses
[Case B]), virus removal and inactivation evaluation studies
should use the identified virus. If it is not possible to use the
identified virus, ‘‘relevant’’ or specific ‘‘model’’

&If use of the identified virus is not possible, relevant or

specific model&1S (USP34)

viruses should be used to demonstrate acceptable clearance.
Time-dependent inactivation for identified (or ‘‘relevant’’ or
specific ‘‘model’’

&relevant or specific model)&1S (USP34)
viruses at the critical inactivation step(s) should be obtained as
part of process evaluation for these viruses. Purified bulk should
be tested using suitable methods having high specificity and
sensitivity for the detection of the virus in question. For the pur-
pose of marketing authorization, data from at least three lots of
purified bulk manufactured at pilot-plant scale or commercial
scale should be provided.

Case D.Where

&When&1S (USP34)

a known human pathogen, such as those indicated by footnote
a in Table 3, is identified, the product may be acceptable only
under exceptional circumstances. In this instance, it is recom-
mended that

&

&1S (USP34)

the identified virus

&should&1S (USP34)

be used for virus removal, and inactivation evaluation studies
and specific methods with high specificity and sensitivity for
the detection of the virus in question

&should&1S (USP34)

be employed. If it is not possible to use the identified virus, ‘‘re-
levant’’ and/or specific ‘‘model’’

&If use of the identified virus is not possible, relevant and/

or specific model&1S (USP34)

viruses (described later) should be used. The process should be
shown to achieve the removal and inactivation of the selected
viruses during the purification and inactivation processes.

Time-dependent inactivation data for the critical inactivation
step(s) should be obtained as part of process evaluation. Puri-
fied bulk should be tested using suitable methods having high
specificity and sensitivity for the detection of the virus in ques-
tion. For the purpose of marketing authorization, data from at
least three lots of purified bulk manufactured at pilot-plant scale
or commercial scale should be provided.

Case E. When a virus that cannot be classified by currently
available methodologies is detected in the cells or unprocessed
bulk, the product is usually considered unacceptable, since

&because&1S (USP34)

the virus may prove to be pathogenic. In the very rare case
where there are convincing and well justified reasons for drug
production using such a cell line, this should be discussed with
the regulatory authorities before proceeding further.

&Rarely, convincing and well-justified reasons using such

a cell line in drug product may be justified.&1S (USP34)

Change to read:

VI. EVALUATION AND CHARACTERIZATION OF VIRAL
CLEARANCE PROCEDURES

&VI. GOALS, PRINCIPLES, DESIGN, AND EVALUA-

TION OF VIRAL CLEARANCE STUDIES&1S (USP34)

Evaluation and characterization of due virus removal and/or
inactivation procedures play an important role in establishing
the safety of biotechnology products. Many instances of con-
tamination in the past have occurred with agents whose pres-
ence was not known or even suspected, and though this
happened to biological products derived from various source
materials other than fully characterized cell lines, assessment
of viral clearance will provide a measure of confidence that
any unknown, unsuspected, and harmful viruses may be re-
moved. Studies should be carried out in a manner that is well
documented and controlled.

The objective of viral clearance studies is to assess process
step(s) that can be considered to be effective in inactivating/re-
moving viruses and to estimate quantitatively the overall level
of virus reduction obtained by the process. This should be
achieved by the deliberate addition (‘‘spiking’’) of significant
amounts of a virus to the crude material and/or to different frac-
tions obtained during the various process steps and demonstra-
ting its removal or inactivation during the subsequent steps. It is
not considered necessary to evaluate or characterize every step
of a manufacturing process if adequate clearance is demonstra-
ted by the use of fewer steps. It should be borne in mind that
other steps in the process may have an indirect effect on the
viral inactivation/removal achieved. Manufacturers should ex-
plain and justify the approach used in studies for evaluating vi-
rus clearance.

The reduction of virus infectivity may be achieved by removal
of virus particles or by inactivation of viral infectivity. For each
production step assessed, the possible mechanism of loss of vi-
ral infectivity should be described with regard to whether it is
due to inactivation or removal. For inactivation steps, the study
should be planned in such a way that samples are taken at dif-
ferent times and an inactivation curve constructed (see section
VI.B.5.).
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Viral clearance evaluation studies are performed to demon-
strate the clearance of a virus known to be present in the
MCB and/or to provide some level of assurance that adventi-
tious viruses which could not be detected, or might gain access
to the production process, would be cleared. Reduction factors
are normally expressed on a logarithmic scale, which implies
that, while residual virus infectivity will never be reduced to ze-
ro, it may be greatly reduced mathematically.

In addition to clearance studies for viruses known to be pre-
sent, studies to characterize the ability to remove and/or inac-
tivate other viruses should be conducted. The purpose of
studies with viruses exhibiting a range of biochemical and bio-
physical properties that are not known or expected to be pre-
sent is to characterize the robustness of the procedure rather
than to achieve a specific inactivation or removal goal. A dem-
onstration of the capacity of the production process to inacti-
vate or remove viruses is desirable (see section VI.C.). Such
studies are not performed to evaluate a specific safety risk.
Therefore, a specific clearance value need not be achieved.

A. The Choice of Viruses for the Evaluation and Characterization
of Viral Clearance

Viruses for clearance evaluation and process characterization
studies should be chosen to resemble viruses which may con-
taminate the product and to represent a wide range of physico-
chemical properties in order to test the ability of the system to
eliminate viruses in general. The manufacturer should justify the
choice of viruses in accordance with the aims of the evaluation
and characterization study and the guidance provided in this
document.

1. ‘‘Relevant’’ Viruses and ‘‘Model’’ Viruses
A major issue in performing a viral clearance study is to deter-

mine which viruses should be used. Such viruses fall into three
categories: ‘‘Relevant’’ viruses, specific ‘‘model’’ viruses, and
nonspecific ‘‘model’’ viruses.

‘‘Relevant’’ viruses are viruses used in process evaluation of
viral clearance studies which are either the identified viruses,
or of the same species as the viruses that are known, or likely
to contaminate the cell substrate or any other reagents or ma-
terials used in the production process. The purification and/or
inactivation process should demonstrate the capability to re-
move and/or inactivate such viruses. When a ‘‘relevant’’ virus
is not available or when it is not well adapted to process evalu-
ation of viral clearance studies (e.g., it cannot be grown in vitro
to sufficiently high titers), a specific ‘‘model’’ virus should be
used as a substitute. An appropriate specific ‘‘model’’ virus
may be a virus which is closely related to the known or suspect-
ed virus (same genus or family), having similar physical and
chemical properties to the observed or suspected virus.

Cell lines derived from rodents usually contain endogenous
retrovirus particles or retrovirus-like particles, which may be in-
fectious (C-type particles) or noninfectious (cytoplasmic A- and
R-type particles). The capacity of the manufacturing process to
remove and/or inactivate rodent retroviruses from products ob-
tained from such cells should be determined. This may be ac-
complished by using a murine leukemia virus, a specific
‘‘model’’ virus in the case of cells of murine origin. When hu-
man cell lines secreting monoclonal antibodies have been ob-
tained by the immortalization of B lymphocytes by Epstein-Barr
Virus (EBV), the ability of the manufacturing process to remove
and/or inactivate a herpes virus should be determined. Pseu-
dorabies virus may also be used as a specific ‘‘model’’ virus.

When the purpose is to characterize the capacity of the man-
ufacturing process to remove and/or inactivate viruses in gen-
eral, i.e., to characterize the robustness of the clearance
process, viral clearance characterization studies should be per-
formed with nonspecific ‘‘model’’ viruses with differing proper-
ties. Data obtained from studies with ‘‘relevant’’ and/or specific
‘‘model’’ viruses may also contribute to this assessment. It is not
necessary to test all types of viruses. Preference should be given
to viruses that display a significant resistance to physical and/or
chemical treatments. The results obtained for such viruses pro-
vide useful information about the ability of the production pro-
cess to remove and/or inactivate viruses in general. The choice
and number of viruses used will be influenced by the quality
and characterization of the cell lines and the production pro-
cess.

Examples of useful ‘‘model’’ viruses representing a range of
physico-chemical structures and examples of viruses which
have been used in viral clearance studies are given in Appendix
2 and Table A-1.

2. Other Considerations
Additional points to be considered are as follows:
(a) Viruses which can be grown to high titer are desirable, al-

though this may not always be possible.
(b) There should be an efficient and reliable assay for the de-

tection of each virus used, for every stage of manufacturing that
is tested.

(c) Consideration should be given to the health hazard which
certain viruses may pose to the personnel performing the clear-
ance studies.

B. Design and Implications of Viral Clearance Evaluation and
Characterization Studies

1. Facility and Staff

Table A-1. Examples of Viruses Which Have Been Used in Viral Clearance Studies

Virus Family Genus N a t u r a l
Host

Genome Env Size (nm) Shape Resis-
tance1

Vesicular Stomatitis Vi-
rus

Rhabdo Vesiculo-vi-
rus

Equine Bo-
vine

RNA yes 70 6 150 Bullet Low

Parainfluenza Virus Paramyxo Paramyxo-
virus

Various RNA yes 100–200 Pleo/Spher Low

MuL V Retro Type C on-
covirus

Mouse RNA yes 80–110 Spherical Low

Sindbis Virus Toga Alphavirus Human RNA yes 60–70 Spherical Low
BVDV Flavi Pestivirus Bovine RNA yes 50–70 Pleo/Spher Low
Pseudo-rabies Virus Herpes Swine DNA yes 120–200 Spherical Med
Poliovirus Sabin Type
1

Picorna Entero-vi -
rus

Human RNA no 25–30 Icosahedral Med

Encephalomyo-cardi-
tis Virus (EMC)

Picorna Cardio-vi-
rus

Mouse RNA no 25–30 Icosahedral Med

Reovirus 3 Reo Orthoreo-
virus

Various DNA no 60–80 Spherical Med
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Table A-1. Examples of Viruses Which Have Been Used in Viral Clearance Studies (Continued)

Virus Family Genus N a t u r a l
Host

Genome Env Size (nm) Shape Resis-
tance1

SV 40 Papova P o l y o m a -
virus

Monkey DNA no 40–50 Icosahedral Very high

Parvoviruses (canine,
porcine)

Parvo Parvovirus Canine Por-
cine

DNA no 18–24 Icosahedral Very high

1 Resistance to physico-chemical treatments based on studies of production processes. Resistance is relative to the specific treat-
ment and it is used in the context of the understanding of the biology of the virus and the nature of the manufacturing process.
Actual results will vary according to the treatment. These viruses are examples only and their use is not considered mandatory.

It is inappropriate to introduce any virus into a production
facility because of good manufacturing practice (GMP) con-
straints. Therefore, viral clearance studies should be conducted
in a separate laboratory equipped for virological work and per-
formed by staff with virological expertise in conjunction with
production personnel involved in designing and preparing a
scaled-down version of the purification process.

2. Scaled-down Production System
The validity of the scaling down should be demonstrated.

The level of purification of the scaled-down version should re-
present as closely as possible the production procedure. For
chromatographic equipment, column bed-height, linear flow-
rate, flow-rate-to-bed-volume ratio (i.e., contact time), buffer
and gel types, pH, temperature, and concentration of protein,
salt, and product should all be shown to be representative of
commercial-scale manufacturing. A similar elution profile
should result. For other procedures, similar considerations ap-
ply. Deviations that cannot be avoided should be discussed
with regard to their influence on the results.

3. Analysis of Step-wise Elimination of Virus
When viral clearance studies are being performed, it is desir-

able to assess the contribution of more than one production
step to virus elimination. Steps which are likely to clear virus
should be individually assessed for their ability to remove and
inactivate virus and careful consideration should be given to
the exact definition of an individual step. Sufficient virus should
be present in the material of each step to be tested so that an
adequate assessment of the effectiveness of each step is ob-
tained. Generally, virus should be added to in-process material
of each step to be tested. In some cases, simply adding high
titer virus to unpurified bulk and testing its concentration be-
tween steps will be sufficient. Where virus removal results from
separation procedures, it is recommended that, if appropriate
and if possible, the distribution of the virus load in the different
fractions be investigated. When virucidal buffers are used in
multiple steps within the manufacturing process, alternative
strategies such as parallel spiking in less virucidal buffers may
be carried out as part of the overall process assessment. The vi-
rus titer before and after each step being tested should be de-
termined. Quantitative infectivity assays should have adequate
sensitivity and reproducibility and should be performed with
sufficient replicates to ensure adequate statistical validity of
the result. Quantitative assays not associated with infectivity
may be used if justified. Appropriate virus controls should be
included in all infectivity assays to ensure the sensitivity of the
method. Also, the statistics of sampling virus when at low con-
centrations should be considered (Appendix 3).

4. Determining Physical Removal Versus Inactivation
Reduction in virus infectivity may be achieved by the removal

or inactivation of virus. For each production step assessed, the
possible mechanism of loss of viral infectivity should be de-
scribed with regard to whether it is due to inactivation or re-
moval. If little clearance of infectivity is achieved by the
production process, and the clearance of virus is considered
to be a major factor in the safety of the product, specific or ad-
ditional inactivation/removal steps should be introduced. It
may be necessary to distinguish between removal and inactiva-
tion for a particular step, for example, when there is a possibility
that a buffer used in more than one clearance step may contrib-
ute to inactivation during each step, i.e., the contribution to in-

activation by a buffer shared by several chromatographic steps
and the removal achieved by each of these chromatographic
steps should be distinguished.

5. Inactivation Assessment
For assessment of viral inactivation, unprocessed crude mate-

rial or intermediate material should be spiked with infectious vi-
rus and the reduction factor calculated. It should be recognized
that virus inactivation is not a simple, first order reaction and is
usually more complex, with a fast ‘‘phase 1’’ and a slow ‘‘phase
2.’’ The study should, therefore, be planned in such a way that
samples are taken at different times and an inactivation curve
constructed. It is recommended that studies for inactivation in-
clude at least one time point less than the minimum exposure
time and greater than zero, in addition to the minimum expo-
sure time. Additional data are particularly important where the
virus is a ‘‘relevant’’ virus known to be a human pathogen and
an effective inactivation process is being designed. However,
for inactivation studies in which nonspecific ‘‘model’’ viruses
are used or when specific ‘‘model’’ viruses are used as surro-
gates for virus particles, such as the CHO intracytoplasmic ret-
rovirus-like particles, reproducible clearance should be
demonstrated in at least two independent studies. Whenever
possible, the initial virus load should be determined from the
virus that can be detected in the spiked starting material. If this
is not possible, the initial virus load may be calculated from the
titer of the spiking virus preparation. Where inactivation is too
rapid to plot an inactivation curve using process conditions, ap-
propriate controls should be performed to demonstrate that in-
fectivity is indeed lost by inactivation.

6. Function and Regeneration of Columns
Over time and after repeated use, the ability of chromatog-

raphy columns and other devices used in the purification
scheme to clear virus may vary. Some estimate of the stability
of the viral clearance after several uses may provide support for
repeated use of such columns. Assurance should be provided
that any virus potentially retained by the production system
would be adequately destroyed or removed prior to reuse of
the system. For example, such evidence may be provided by
demonstrating that the cleaning and regeneration procedures
do inactivate or remove virus.

7. Specific Precautions
(a) Care should be taken in preparing the high-titer virus to

avoid aggregation which may enhance physical removal and
decrease inactivation, thus distorting the correlation with actual
production.

(b) Consideration should be given to the minimum quantity
of virus which can be reliably assayed.

(c) The study should include parallel control assays to assess
the loss of infectivity of the virus due to such reasons as the di-
lution, concentration, filtration or storage of samples before ti-
tration.

(d) The virus ‘‘spike’’ should be added to the product in a
small volume so as not to dilute or change the characteristics
of the product. Diluted, test-protein sample is no longer iden-
tical to the product obtained at commercial scale.

(e) Small differences in, for example, buffers, media, or re-
agents can substantially affect viral clearance.

Pharmacopeial Forum
Vol. 36(3) [May–June 2010] IN-PROCESS REVISION 737

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



(f) Virus inactivation is time-dependent; therefore, the
amount of time a spiked product remains in a particular buffer
solution or on a particular chromatography column should re-
flect the conditions of the commercial-scale process.

(g) Buffers and product should be evaluated independently
for toxicity or interference in assays used to determine the virus
titer, as these components may adversely affect the indicator
cells. If the solutions are toxic to the indicator cells, dilution, ad-
justment of the pH, or dialysis of the buffer containing spiked
virus might be necessary. If the product itself has anti-viral ac-
tivity, the clearance study may need to be performed without
the product in a ‘‘mock’’ run, although omitting the product or
substituting a similar protein that does not have anti-viral activ-
ity could affect the behavior of the virus in some production
steps. Sufficient controls to demonstrate the effect of proce-
dures used solely to prepare the sample for assay (e.g., dialysis,
storage) on the removal/inactivation of the spiking virus should
be included.

(h) Many purification schemes use the same or similar buffers
or columns repetitively. The effects of this approach should be
taken into account when analyzing the data. The effectiveness
of virus elimination by a particular process may vary with the
manufacturing stage at which it is used.

(i) Overall reduction factors may be underestimated where
production conditions or buffers are too cytotoxic or virucidal
and should be discussed on a case-by-case basis. Overall reduc-
tion factors may also be overestimated due to inherent limita-
tions or inadequate design of viral clearance studies.

C. Interpretation of Viral Clearance Studies; Acceptability
The object of assessing virus inactivation/removal is to evalu-

ate and characterize process steps that can be considered to be
effective in inactivating/removing viruses and to estimate quan-
titatively the overall level of virus reduction obtained by the
manufacturing process. For virus contaminants, as in Cases B
through E, it is important to show that not only is the virus el-
iminated or inactivated, but that there is excess capacity for vi-
ral clearance built into the purification process to assure an
appropriate level of safety for the final product. The amount
of virus eliminated or inactivated by the production process
should be compared to the amount of virus which may be pre-
sent in unprocessed bulk.

To carry out this comparison, it is important to estimate the
amount of virus in the unprocessed bulk. This estimate should
be obtained using assays for infectivity or other methods such
as transmission electron microscopy (TEM). The entire purifica-
tion process should be able to eliminate substantially more virus
than is estimated to be present in a single-dose-equivalent of
unprocessed bulk. See Appendix 4 for calculation of virus reduc-
tion factors and Appendix 5 for calculation of estimated particles
per dose.

Manufacturers should recognize that clearance mechanisms
may differ between virus classes. A combination of factors
should be considered when judging the data supporting the ef-
fectiveness of virus inactivation/removal procedures. These in-
clude:

(i) The appropriateness of the test viruses used;
(ii) The design of the clearance studies;
(iii) The log reduction achieved;
(iv) The time dependence of inactivation;
(v) The potential effects of variation in process parameters on

virus inactivation/removal;
(vi) The limits of assay sensitivities;
(vii) The possible selectivity of inactivation/removal proce-

dure(s) for certain classes of viruses.
Effective clearance may be achieved by any of the following:

Multiple inactivation steps, multiple complementary separation
steps, or combinations of inactivation and separation steps.
Since separation methods may be dependent on the extremely
specific physico-chemical properties of a virus which influence
its interaction with gel matrices and precipitation properties,
‘‘model’’ viruses may be separated in a different manner than
a target virus. Manufacturing parameters influencing separa-
tion should be properly defined and controlled. Differences
may originate from changes in surface properties such as glyco-
sylation. However, despite these potential variables, effective re-
moval can be obtained by a combination of complementary

separation steps or combinations of inactivation and separation
steps. Therefore, well-designed separation steps, such as chro-
matographic procedures, filtration steps, and extractions, can
be effective virus removal steps provided that they are per-
formed under appropriately controlled conditions. An effective
virus removal step should give reproducible reduction of virus
load shown by at least two independent studies.

An overall reduction factor is generally expressed as the sum
of the individual factors. However, reduction in virus titer of the
order of 1 log10 or less would be considered negligible and
would be ignored unless justified.

If little reduction of infectivity is achieved by the production
process, and the removal of virus is considered to be a major
factor in the safety of the product, a specific, additional inacti-
vation/removal step or steps should be introduced. For all virus-
es, manufacturers should justify the acceptability of the
reduction factors obtained. Results would be evaluated on the
basis of the factors listed above.
D. Limitations of Viral Clearance Studies

Viral clearance studies are useful for contributing to the assur-
ance that an acceptable level of safety in the final product is
achieved but do not by themselves establish safety. However,
a number of factors in the design and execution of viral clear-
ance studies may lead to an incorrect estimate of the ability of
the process to remove virus infectivity. These factors include the
following:

1. Virus preparations used in clearance studies for a produc-
tion process are likely to be produced in tissue culture. The be-
havior of a tissue culture virus in a production step may be
different from that of the native virus, for example, if native
and cultured viruses differ in purity or degree of aggregation.

2. Inactivation of virus infectivity frequently follows a biphasic
curve in which a rapid initial phase is followed by a slower
phase. It is possible that virus escaping a first inactivation step
may be more resistant to subsequent steps. For example, if the
resistant fraction takes the form of virus aggregates, infectivity
may be resistant to a range of different chemical treatments
and to heating.

3. The ability of the overall process to remove infectivity is ex-
pressed as the sum of the logarithm of the reductions at each
step. The summation of the reduction factors of multiple steps,
particularly of steps with little reduction (e.g., below 1 log10),
may overestimate the true potential for virus elimination. Fur-
thermore, reduction values achieved by repetition of identical
or near identical procedures should not be included unless jus-
tified.

4. The expression of reduction factors as logarithmic reduc-
tions in titer implies that, while residual virus infectivity may be
greatly reduced, it will never be reduced to zero. For example, a
reduction in the infectivity of a preparation containing 8 log10

infectious units per milliliter (mL) by a factor of 8 log10 leaves
zero log10 per mL or one infectious unit per mL, taking into con-
sideration the limit of detection of the assay.

5. Pilot-plant scale processing may differ from commercial-
scale processing despite care taken to design the scaled-down
process.

6. Addition of individual virus reduction factors resulting from
similar inactivation mechanisms along the manufacturing pro-
cess may overestimate overall viral clearance.
E. Statistics

The viral clearance studies should include the use of statistical
analysis of the data to evaluate the results. The study results
should be statistically valid to support the conclusions reached
(see Appendix 3).
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&A. Definition

Viral clearance studies use modern validated tech-

niques in which appropriate downstream manufacturing

purification processing steps are challenged with high ti-

ters of infectious viruses (identified viral contaminants or

appropriate model viruses) to demonstrate the ability of

the purification process to remove or inactivate different

types of viruses having a wide range of physical and

chemical characteristics. Direct testing methodologies

have inherent limitations.

B. Justification

Testing for the absence of viruses includes both direct

testing (testing of finished product or precursors) and in-

direct testing (viral clearance studies). They:

1. Test only for viruses that are known and character-

ized;

2. May be so specific for a particular virus that they may

not detect viral variants;

3. Typically are limited by their sensitivities, meaning

therefore, that low concentrations of infectious virus

may go undetected;

4. Even when used, have not allowed detection of some

contaminating viruses; and

5. May not detect emerging, unanticipated viruses.

For these reasons, direct testing approaches are sup-

plemented by additional studies, including viral clear-

ance studies. Carefully validated viral clearance studies

may replace bulk testing.

C. Goal

The goal of a viral clearance study is to determine the

ability of the overall production and purification proces-

ses to remove or inactivate a broad spectrum of viral

types, including viruses that are known to contaminate

or that may contaminate the starting materials. Viral

clearance studies typically are performed on individual

steps of the manufacturing purification process during

the development process. They are not routinely re-

quired for batch release testing. The studies are per-

formed in such a way as to generate quantitative data

that allow the identification of robust clearance steps

and the estimation of related viral reduction factors

(VRFs). The VRFs derived from viral clearance steps are

used to evaluate the overall capacity of the entire produc-

tion process to remove or inactivate either viruses specific

to the process or nonspecific viruses in general.

This discussion covers two types of viral clearance stu-

dies: (1) process evaluation studies, in which specific mo-

del viruses (see Appendix 1, the glossary) are used to

determine the capacity of the manufacturing process to

remove and/or inactivate them; and (2) process charac-

terization studies, in which nonspecific model viruses

(see Appendix 1, the glossary) are used to assess the ro-

bustness of the manufacturing process to remove and/or

inactivate viruses.

D. Principles of Viral Clearance Studies

One of the key principles of the manufacturing purifi-

cation process is to achieve maximal viral clearance with-

out compromising product quality. Critical elements of

viral clearance strategies in the manufacturing process

are characterization and validation. A well-validated pro-

cess has the following two attributes: a predetermined

specification of VRF based on statistical data analysis of

combined steps applied to the relevant viruses; and a

demonstrated robustness. The concept of robustness in

the context of viral clearance has two main components:

(1) the ability of process steps to remove or inactivate vi-

ruses at the extremes of manufacturing conditions such

as temperature and pH; and (2) the ability to remove or

inactivate a broad spectrum of nonspecific viruses.

Through careful design of experiments, including statis-
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tical analysis, a robust viral clearance study establishes

that the manufacturing process eliminates specific rele-

vant viral contamination to an undetectable level and re-

duces nonspecific viral contamination to a minimal level.

Design of a viral clearance study for a particular pro-

duct starts with a determination of the overall action

plan, according to example descriptions in Section V.

Unique issues for each production process are considered

on a case-by-case basis and depend on the starting ma-

terials, the production process, the product itself, and the

intended clinical use of the product. The overall action

plan dictates the choice of viruses used in the study—

i.e., relevant, specific model, and nonspecific model vi-

ruses. In addition, the protocol should include the follow-

ing components:

1. A description of facility and staff;

2. A scaled-down production system;

3. A stepwise analysis of viral log reduction folds;

4. An overall calculation of the viral clearance capacity;

and

5. A report.

The execution of a study should be well documented

and well controlled.

E. Critical Steps in the Performance of a Viral

Clearance Study

1. Identification of the Viruses to be Studied.

The choice and number of viruses to be used is related

to the nature and origin of the recombinant cell line as

well as the nature and origin of the animal-derived mate-

rials used in production and purification. In general, one

to two viruses are used in the early phases of product de-

velopment, whereas four or more viruses are used at the

pivotal trial stage and beyond. Viruses for process evalu-

ation and process characterization studies are chosen to

resemble viruses that (1) may contaminate the product

and (2) have a wide range of physical and chemical char-

acteristics. Those of the second type challenge the ability

of the purification process to eliminate a wide variety of

viruses—including novel viruses or unexpected contam-

inants. The manufacturer should justify the choice of vi-

ruses in accordance with the aims of a study, using the

guidance in Section V.

Viruses used in viral clearance studies fall into three cat-

egories: relevant viruses, which are actual viruses isolated

during the production process or of the same species as

viruses that are known to contaminate or that are likely to

contaminate the starting materials. When a relevant virus

is not available or when it is not well adapted to process

evaluation of viral clearance studies (e.g., it cannot be

grown in vitro to sufficiently high titer), a specific model

virus is used as a substitute. An appropriate specific mo-

del virus may be a virus that is closely related to the rele-

vant virus (same genus or family) or has physical and

chemical properties that are similar to those of the rele-

vant virus.

Example 1. Murine cell lines usually contain endoge-

nous retroviral particles or retroviral-like particles. These

may be infectious (type C particles) or noninfectious (cy-

toplasmic A- and R-type particles). The capacity of the

manufacturing process to remove and/or inactivate mu-

rine retroviruses can be accomplished using a murine leu-

kemia virus, which is a specific model virus for cells of

murine origin.

Example 2. When human cell lines secreting monoclo-

nal antibodies have been obtained by the immortaliza-

tion of B lymphocytes by Epstein-Barr virus, the ability

of the manufacturing process to clear a model herpes vi-

rus such as pseudorabies virus is appropriate.

When the purpose of the clearance study is to charac-

terize the capacity of the manufacturing process to clear

viruses in general (i.e., to characterize the robustness of

the clearance process), viral clearance studies are per-

formed using a panel of nonspecific model viruses with

a wide range of physical and chemical characteristics.
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Data obtained from studies with relevant and/or specific

model viruses also may contribute to this assessment.

Not all types of viruses are tested. Rather, preference

should be given to those displaying a significant resis-

tance to physical and/or chemical treatments. The

choice and number of viruses used will be influenced

by the quality and characterization of the cell lines and

the production process. Examples of useful model viruses

representing a range of physicochemical structures used

in viral clearance studies are given in Appendix 2 and Ta-

ble 5 and Table 6. Additional points to be considered dur-

ing viral selection are (1) the ability to grow the virus of

interest to high titer, (2) the availability of a validated as-

say system for the detection of the virus used, and (3) the

potential health hazard that certain viruses may pose to

the personnel performing the study.

Table 5. Examples of Viruses That Have Been Used in Viral Clearance Studies

Virus Family Genus

Natural

Host Genome Env

Size

(nm) Shape

Resis-

tancea

Vesicular stomatitis

virus

Rhabdo Vesiculo-

virus

Equ ine,

bovine

RNA yes 70 6

150

Bullet Low

Parainfluenza virus Para-

myxo

Para-

myxo-

virus

Various RNA yes 100–

200

Pleo/

Spher

Low

MuL V Retro Type C

onco-

virus

Mouse RNA yes 80–110 Spheri-

cal

Low

Sindbis virus Toga Alpha-

virus

Human RNA yes 60–70 Spheri-

cal

Low

BVDV Flavi Pesti-

virus

Bovine RNA yes 50–70 Pleo/

Spher

Low

Pseudo-rabies virus Herpes Swine DNA yes 120–

200

Spheri-

cal

Med

Pol iovirus Sabin

type 1

Picorna Entero-

virus

Human RNA no 25–30 Icosa-

hedral

Med

Encephalomyocar-

ditis virus (EMC)

Picorna Card io-

virus

Mouse RNA no 25–30 Icosa-

hedral

Med

Reovirus 3 Reo Ortho-

reovirus

Various DNA no 60–80 Spheri-

cal

Med
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Table 5. Examples of Viruses That Have Been Used in Viral Clearance Studies (Continued)

Virus Family Genus

Natural

Host Genome Env

Size

(nm) Shape

Resis-

tancea

SV 40 Papova Poly-

oma-

virus

Monkey DNA no 40–50 Icosa-

hedral

Very

high

Parvoviruses (ca-

nine, porcine)

Parvo Parvovi-

rus

Canine,

porcine

DNA no 18–24 Icosa-

hedral

Very

high

a Resistance to physicochemical treatments based on studies of production processes. Resistance is relative to the specific treatment
and it is used in the context of the understanding of the biology of the virus and the nature of the manufacturing process. Actual
results will vary according to the treatment. These viruses are examples only and their use is not considered mandatory.

Table 6. Examples of Viruses and Assay Times That Have Been Used in Viral Clearance Studies

Virus

BSL

Cate-

gorya Genome Envelope Family

Size

(nm)

Labora-

tory Assay

Time

(days)

Resis-

tance to

Physico-

chemical

Reagents

Ad2 2 DNA No Adeno 70–90 12–14 High

Ad5 2 DNA No Adeno 70–90 12–14 High

BACV 2 DNA Yes Baculo 60–400 12–14 Low

BPV 2 DNA No Parvo 20–25 11–12 High

BVDV 2 RNA Yes Flavi 40–70 7–9 Medium

CVV 2 RNA Yes Bunya 50–100 7–9 Low-

Medium

EMC 2 RNA No Picorna �30 4–6 High

FLUAV 2 RNA Enveloped Orthomyx-

oviridae

80–120 10–13 Low

HAV 2 RNA No Picorna �30 18–20 High

HIV-1 3 RNA Yes Retro 80–110 10 Low

HSV-1 2 DNA Yes Herpes 150–

200200

6–8 Medium

IBR 2 DNA Yes Herpes 150–200 ? Medium

MMV 2 DNA No Parvo 20–25 10–13 High
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Table 6. Examples of Viruses and Assay Times That Have Been Used in Viral Clearance Studies (Continued)

Virus

BSL

Cate-

gorya Genome Envelope Family

Size

(nm)

Labora-

tory Assay

Time

(days)

Resis-

tance to

Physico-

chemical

Reagents

PI3 2 RNA Yes Paramyxo 150–300 7–9 Medium

PPV 2 DNA No Parvo 20–25 10–12 High

PRV 2 DNA Yes Herpes 150–250 –6 Medium

PV 2 RNA No Picorna �30 2 High

Reo 3 2 RNA No Reo 60–80 7–9 High

SV-5 2 RNA Yes Paramyxo 150–300 7–9 Medium

SV40 2 DNA No Papova �40 14–16 High

VV 2 DNA Yes Pox 220–450

nm long 6

140–260

nm wide

6–7 Low-

Medium

VSV 2 RNA Yes Rhabdoviri-

dae

50–200 2 Low-

Medium

WNV 3 RNA Yes Flavi 40–70 6–7 Medium

XMuLV 2 RNA Yes Retro 80–110 7–9 Low
a Basic training will be provided on site for handling infectious agents. Additional training and baseline serum samples will be re-
quired for work performed using BSL-3 agents.

2. Determination of the Overall Clearance Goals

for the Study. The viral clearance capability of a process

is expressed as the number of logs of virus cleared by the

entire process. Results are considered in terms of goals or

targets driven by the nature and origin of the production

cell line and the nature and origin of the raw materials

used in production. Goals must therefore be customized

to the specific viral clearance study. For example, the tar-

get goal for a CHO cell-derived product could be 3–6

logs of retroviral clearance above the background level

found in the maximum therapeutic dose, 4–6 logs of

clearance for any additional enveloped viruses tested,

and 3–4 logs of clearance for each nonenveloped virus

tested. For a step to be considered robust with regard

to viral clearance, 3–4 logs of clearance are demonstra-

ted with 95% confidence (a = 0.05) for each virus tested.

For a clear demonstration of robustness, viral clearance

studies are performed at the extreme ranges specified

for each critical process parameter—e.g., pH, tempera-

ture, flow rate. A risk-based approach is used to deter-

mine criticality. If a step demonstrates 1–3 logs of

clearance with 95% confidence (a = 0.05), it is consid-

ered a supportive step. The number of downstream pu-

rification process steps identified should be sufficient to

achieve the overall clearance goals.
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3. Identification of the Downstream Processing

Steps to Be Challenged. Downstream processing

steps to be studied employ different mechanisms of viral

clearance, because repeated use of the same or similar

clearance mechanisms may result in an overestimation

of virus reduction. Ideally, each viral clearance study

should contain at least one viral inactivation step and

one viral removal step. For each purification step as-

sessed, the mechanism of viral clearance should be de-

scribed as (1) inactivation, (2) removal, or (3) a

combination of both.

For inactivation steps, the study is planned in such a

way that the kinetics of viral inactivation can be deter-

mined. Ideally, a viral clearance study examines steps that

are dedicated to viral clearance. A dedicated clearance

step is one that is present in the production or purifica-

tion process specifically for the removal or inactivation of

viruses. Examples of dedicated steps include solvent and

detergent (S&D) treatment and virus-removal filtration.

4. Qualification and Scale-Down of the Purifica-

tion Steps To Be Studied. Viral clearance studies are

not usually conducted in the manufacturing suite but

rather in a segregated facility equipped for virological

work and staffed with personnel who have virology ex-

pertise. Studies are performed on scaled-down versions

of the purification processes designed and prepared by

production staff. Each scaled-down step of the produc-

tion and purification processes is demonstrated to be

comparable to the full-scale production process by all

measurable criteria. Comparability should be demonstra-

ted using the appropriate analytical methods, qualified

reagents, and equipment. In many instances, monitored

process parameters are the same as those analyzed dur-

ing performance of the manufacturing steps. For chro-

matographic purification equipment, the following

parameters are shown to be representative of commer-

cial-scale manufacturing: column bed height, linear flow

rate, flow-rate-to-bed-volume ratio (contact time), buffer

and gel types, pH, temperature, and concentrations of

protein, salts, and product. Scaled-down and commer-

cial-scale chromatography systems should demonstrate

similar elution profiles. For other types of procedures,

similar considerations apply. Unavoidable differences be-

tween scaled-down and commercial-scale manufactur-

ing procedures should be considered with regard to

their potential influence on viral clearance results. For

other deviations, manufacturers should consult with reg-

ulatory authorities.

5. Determination of Appropriate Sampling

Points for Each Purification Step to Be Tested.

Sampling points for viral inactivation studies should in-

clude the starting materials (virus-spiked process solu-

tion), as well as samples taken at several time points

during the inactivation process to assess kinetics of viral

inactivation. Sampling points for virus removal steps typ-

ically include the feed-stream process solution that will

be applied to the step, as well as the mainstream product

fraction that is then forwarded into the next process step.

Fractions of the mainstream as well as pre- and post-

mainstream fractions are typically evaluated during piv-

otal trial viral clearance studies. Sampling points are dis-

cussed further in Section 11, below.

A typical flow chart for the design of a virus inactivation

study is shown in Figure 1, where the process is also de-

scribed. Actual experimental details and sampling points

need to be carefully designed to the process step under

investigation.
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Figure 1. Design for an inactivation step. An inactivating agent is added to a process intermediate. The process

intermediate is spiked with virus, mixed, and sampled to establish the initial titer. An aliquot is removed (product hold

control step) and held under appropriate process control conditions (pH, temperature, etc.) for the extent of the

inactivation step. If desired, an additional cell media/buffer control (or product control, if the process intermediate

already contains an inactivating agent) may be prepared by spiking with virus at the same ratio as the process

intermediate. The inactivating agent is added to the spiked load to start the inactivation step, and aliquots are removed

at appropriate times to determine the kinetics of inactivation of the virus. At the end of the inactivation process, the

hold control samples are assayed to determine the titer.
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A typical flow chart for the design of a virus filtration

study is shown in Figure 2, where the process is also de-

scribed. Actual experimental details and sampling points

need to be carefully designed to the process step under

investigation.

Figure 2. Design for a virus-removal filtration step. The process intermediate is spiked with virus and a sample removed

to establish the initial titer (spiked load). An aliquot is removed (product hold control) and held at the process

temperature for the duration of the virus filtration step. If desired, an additional cell media/buffer control may be

prepared by spiking with virus at the same ratio as the process intermediate, sampled to establish initial titer (control

step), and held at the process temperature for the duration of the virus filtration step. The virus filtration process is

started and a sample removed (if possible) following the prefiltration step (spiked load II). The permeate and rinse

fractions (if applicable) are collected and assayed for residual virus infectivity. At the end of the virus filtration process,

the hold control samples are assayed.

6. Determination of Assays Suitable for Viral

Quantification. A number of different viral quantifica-

tion assays are available. Examples include tissue-culture

infectious-dose (plaque, TCID50) assays that are designed

to detect and quantify infectious virus; and quantitative

PCR (qPCR)-based assays that detect and quantify the

nucleic acids of both infectious and noninfectious virus-

es. These assays are described in the USP general chap-

ters Nucleic Acid-Based Techniques—Extraction, Detection,

and Sequencing h1126i, Nucleic Acid-Based Techniques—

Amplification h1127i, and Virology Test Methods h1237i.

Quantitative infectivity assays should have adequate sen-
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sitivity and reproducibility and should be performed with

a sufficient number of replicates to ensure statistical va-

lidity. Appropriate virus controls should be included in

all assays to ensure the sensitivity of the method.

7. Determination of the Effects of Process Solu-

tions on Viral Quantification Assays. The effect of

each process solution to be tested for the presence of vi-

rus in a viral clearance study is evaluated in all the assays

used to quantify virus. These studies are performed in ad-

vance of the spiking studies and are designed to ensure

that the viral clearance observed in the spiking studies is

actually the result of viral clearance and not the result of

other factors. The process solutions evaluated in the viral

quantitation assays ensure that solutions do not interfere

with the detection of virus by the assay system.

For in vitro cell-based viral quantitation assays, both cy-

totoxicity and viral interference analyses are performed.

In a cytotoxicity evaluation, the cells used in the viral

quantitation assay are exposed to a series of dilutions.

The cells are then assessed for viability as well as for

changes in morphology. Such changes could interfere

with the evaluation of viral cytopathic effects and hence

have an effect on assay performance. The dilution of the

process solution that does not cause cytotoxicity is deter-

mined, and the process solution is diluted accordingly

before storage or testing in the virus-spiking studies.

Process solutions can also interfere with the ability of

the in vitro cell-based assay system to detect virus, either

by inactivating the virus itself or by altering the indicator

cells in a way that delays or prevents a productive viral

infection from occurring. To assess a process solution

for viral interference, dilutions of the process solution

are prepared and spiked with a known quantity of virus.

Each dilution is subsequently titrated in the quantitative

viral assay. If the difference between the known titer and

the titer determined for the spiked solution in the assay

(the viral interference titer) differ by more than the pre-

determined assay variability (typically +0.5 log), viral in-

terference is considered to have been observed.

If qPCR assays are used to quantitate the virus, the ef-

fects of each process solution is tested for interference in

the nucleic acid extraction method used, as well as for

interference with the qPCR reaction itself.

The process solutions used in the studies described

above are representative of those from a full-scale good

manufacturing practice (GMP) manufacturing run. If the

process solutions are not used within their established

hold time, stability studies should be performed to better

understand the effect of holding or storing the solutions.

For example, precipitation of proteins in the solution may

occur, or the process solution may exhibit bacterial

growth during prolonged storage.

8. Determination of the Effect of Freezing on

Samples. If samples from the spiking study are stored

frozen before quantification of virus, well-designed viral

clearance studies include determination of the effect of

storage time at the frozen temperature on viral infectivi-

ty. This is done in advance of the viral spiking study by

spiking dilutions of each process solution with a known

amount of virus and then freezing each sample. After

known amounts of time in frozen storage, the samples

are removed, and the titer of each sample dilution is de-

termined. If the difference between the known titer and

the titer determined from the spiked frozen solution is

greater than the assay variability (typically +0.5 log), vi-

ral infectivity has been compromised.

9. Qualification of Viral Stocks. The viral stocks

used in viral clearance studies are critical reagents. Each

virus stock therefore has a traceable, reputable, and cer-

tified source with full documentation of the controlled

production procedures. Virus stocks are tested for and

should meet predetermined criteria for identity, purity

(e.g., sterility, mycoplasma, and adventitious virus test-

ing), titer certification, stock stability, and lack of viral ag-
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gregates. The number of passages from the master or

working viral bank is limited in order to minimize the

chance of mutation. The virus preparation used to spike

individual steps of a manufacturing process may vary in

purity, depending on the location of the step in the pro-

cess stream. For example, if a step is used early in the pu-

rification process, it may be appropriate to use a virus

preparation containing cellular debris to mimic that

found in a bioreactor viral contamination event. If the

step to be tested is used late in the purification process,

it may be more appropriate to use a purified virus prep-

aration.

With regard to titer certification of each working stock,

typically three operators titer the stock on separate days,

using different passage numbers of the indicator culture

cells used in the viral quantification assay. The resulting

titers should agree with one another within the predeter-

mined variability of the assay (typically +0.5 log). In that

event, the titers may be averaged to determine the certi-

fied titer of the stock. If the titers vary beyond the vari-

ability of the assay system, additional testing is required

before determination of a meaningful certified titer. The

certified titer may be used as an indicator of assay suita-

bility during assay performance. The certified titer may

also be used to trend stock stability during its lifetime

in frozen storage.

10. Determination of Viral Stock Effect on Indi-

vidual Processing Steps. The effect of the spiking virus

matrix on the process step that will be tested in the viral

clearance study should be determined in advance of the

spiking study in a mock spiking study. Mock spiking stu-

dies are important for all steps that will be evaluated for

viral clearance, but they are particularly important for the

steps that will be evaluated for the clearance of virus from

a stock that contains impurities (e.g., stabilizing protein).

Mock spiking studies are conducted by adding the viral

suspension matrix (including all components except the

virus) to the process solution at a virus-spike-to-feed-

stream-solution (load) ratio of not more than 10% and

then executing the step. The mock-spiked step is moni-

tored for expected performance. Should performance

not be as expected, the problem is typically solved by re-

ducing the virus-to-load spiking ratio.

11. Performance of the Viral Spiking Studies.

The viral clearance studies are performed under good la-

boratory practice (GLP) or GMP conditions. The location

of the viral clearance study may have an effect on the

amount and type of data that will be collected. Viral

clearance studies typically are conducted either at a site

where both the spiking and viral quantification assays are

performed, such as a bio-safety testing laboratory; or, al-

ternatively, at two different sites—one site where the viral

spiking studies are performed and a second site where

the samples are assayed for the quantification of virus.

It is important to control for the effect on viral infectivity

of each manipulation that is not part of the manufactur-

ing process. For example, if samples are frozen upon col-

lection and shipped to a second site for titration,

appropriate controls are included to make it possible to

understand the effect of sample freezing and thawing on

viral infectivity. Relevant shipping controls may also be

required.

Before study initiation, a study design should be docu-

mented, describing the steps to be tested, the sampling

plan for each step, and the appropriate study controls for

each step. Although there are situations when high-titer

virus may simply be added to the unpurified bulk and the

concentration of virus determined in product fractions

collected between steps, optimal viral clearance studies

preferably assess each step that is likely to clear virus. As-

sessment of individual steps ensures that virus present in

the starting material of each step tested will be sufficient

to determine adequate assessment of the effectiveness of

the process steps. At a minimum, the samples tested for

each step should include those used to determine the

spiking virus titer, the spiking virus titer after freeze-thaw
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(if applicable), the titer of the virus in production solution

before processing, and the titer of virus after processing.

Additional samples may need to be collected and titered,

depending on the step being tested and the phase of

product development.

Viral inactivation is not a simple, first-order reaction. It

is typically more complex, with a fast phase 1 stage of in-

activation followed by a slow phase 2 of inactivation. A

viral clearance study is planned in such a way that sam-

ples taken at different times so that an inactivation time

curve can be constructed. Recommended collection

times include three, at a minimum: (1) a zero time point;

(2) a time point greater than zero but less than the min-

imum exposure time; and (3) a time point equal to the

minimum exposure time. Additional time points are par-

ticularly important when the virus is a relevant virus that

is known to be a human pathogen. For all inactivation

studies, regardless of the virus tested, reproducible clear-

ance should be demonstrated in at least two indepen-

dent studies, at least at the stage of a pivotal clinical

trial. Whenever possible, the initial virus load should be

determined from the virus-spiked load material. This will

not be possible for study designs in which the inactivat-

ing agent is present at the start of the experiment. In

these situations, the initial virus load may be theoretically

calculated from using the certified titer of the spiking vi-

rus preparation and the virus-to-load spiking ratio. In cas-

es in which viral inactivation occurs too rapidly to plot an

inactivation time-curve using process conditions, appro-

priate controls should be performed to demonstrate that

activity is indeed lost by inactivation.

For the assessment of virus removal, the distribution of

the virus load in the different fractions should be investi-

gated. Generally, virus is added to the starting intermedi-

ate (feed-stream or load) for each step tested, and the

virus titer of the mainstream material before and after

the step is determined. As mentioned above (Section

5), additional fractions may need to be tested at the later

stages of product development (pivotal trial and be-

yond). For column chromatography steps in which the

column is used multiple times, the ability of columns

(as well as other devices used multiple times) to clear vi-

rus may change (increase or decrease). Estimates of the

stability of the viral clearance after multiple uses may pro-

vide support for the repeated use of such columns. Typ-

ically this is achieved by comparing clearance on new

resins versus resins that have been cycled beyond the

number of times they will be used in manufacturing. As-

surance should also be provided that any virus potentially

retained by the production system would be adequately

destroyed or removed before reuse of the system.

For each production step assessed for viral clearance,

the probable mechanism of loss of viral infectivity is de-

scribed as inactivation or removal (or both). In some sit-

uations, it may be necessary to distinguish between

removal and inactivation. For example, a column chro-

matography step that may physically separate virus from

product may also use a buffer capable of inactivating vi-

rus. In such situations, it may be useful to combine the

use of viral infectivity assays with qPCR-based assays in

the clearance analysis to determine the individual contri-

butions of the inactivation and removal mechanisms.

Dissection of each step to determine the relative contri-

butions provided by each mechanism of clearance allows

a thorough understanding of how the viral clearance is

achieved. This understanding leads to the identification

of the critical variables in each clearance step that must

be well controlled for the clearance to occur reproduci-

bly. As mentioned above, the testing of each critical var-

iable at its specification extremes or at the worst-case

conditions for viral clearance is required in order to deter-

mine the robustness of the step.
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F. Determination of the Viral Clearance Achieved

The viral reduction factor (VRF) of an individual purifi-

cation or inactivation step is defined as the log10 of the

ratio of the virus load in the prepurification material

and the virus load in the postpurification material that

is ready for use in the next step of the process. If the fol-

lowing abbreviations are commonly used,

Starting material:

vol = v’

titer = 10a’

virus load = (v’) 6 (10a’)

Final material:

vol = v’’

titer = 10a’’

virus load = (v’’) 6 (10a’’)

Then the individual reduction factors Ri are calculated

as follows:

10Ri = (v’)(10a’)/(v’’) (10a’’)

This formula takes into account both the titers and vol-

umes of the materials before and after the purification

step.

Because of the inherent imprecision of some virus titra-

tions, an individual reduction factor used for the calcula-

tion of an overall reduction factor should be greater than

1. The overall reduction factor for a complete production

process is the sum logarithm of the reduction factors of

the individual steps. It represents the logarithm of the ra-

tio of the virus load at the beginning of the first process

clearance step and at the end of the last process clear-

ance step. Reduction factors normally are expressed on

a logarithmic scale which implies that, although residual

virus infectivity will never be reduced to zero, it may be

greatly reduced.

G. Calculation of Estimated Particles per Dose

This is applicable to viruses, such as endogenous retro-

viruses, for which an estimate of starting numbers can be

made.

Example:

1. Assumptions

Measured or estimated concentration of virus in

cell culture harvest = 106/mL

Calculated viral clearance factor �1015

Volume of culture harvest needed to make a dose

of product = 1 L (103 mL)

2. Calculation of estimated particles per dose is as fol-

lows:

Therefore, less than one particle per million doses

would be expected.

H. Interpretation of Viral Clearance Study Results

The object of assessing viral clearance is to evaluate

and characterize process steps that can be considered ef-

fective in removing and/or inactivating viruses and to

quantitatively determine the overall level of virus reduc-

tion obtained by the manufacturing process. For virus

contaminants, as in Section V, Cases B–E, it is important
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to show not only that the virus is eliminated or inactivat-

ed but also that there is excess capacity for viral clearance

built into the purification process to ensure an appropri-

ate level of safety for the final product. The amount of

virus eliminated or inactivated by the production process

should be compared to the amount of virus that may be

present in the unprocessed bulk. To carry out this com-

parison, it is important to estimate the amount of virus in

the unprocessed bulk. This estimate should be obtained

by using assays for infectivity or other methods such as

transmission electron microscopy (TEM). The entire puri-

fication process should be able to eliminate substantially

more virus than is estimated to be present in a maximum

single-dose equivalent of unprocessed bulk. (See previ-

ous sections for calculation of reduction factors and for

calculation of estimated particles per dose.) Manufactur-

ers should recognize that clearance mechanisms may dif-

fer between virus classes. For example, detergent

inactivation procedures are effective only against lipid-

enveloped viruses and do not have an effect on nonenve-

loped viruses. A combination of factors should be consid-

ered when judging the data supporting the effectiveness

of virus inactivation/removal procedures. These include

the following:

1. The appropriateness of the test viruses used,

2. The design of the clearance studies,

3. The log reduction achieved,

4. The time dependence of inactivation,

5. The potential effects of variation in process parame-

ters on viral clearance (robustness),

6. The limits of assay sensitivities, and

7. The possible selectivity of inactivation/removal pro-

cedures for certain classes of viruses.

Effective clearance may be achieved by any of the three

following: (1) multiple complementary inactivation

steps, (2) multiple complementary separation steps, or

(3) combinations of complementary inactivation and

separation steps. Because separation methods may de-

pend on the specific virus’s physicochemical properties

that influence its interactions with gel matrices and pre-

cipitation properties, model viruses may be separated in

a manner different from that for a target virus. Manufac-

turing parameters influencing separation should be pro-

perly defined and controlled. Differences may originate

from changes in surface properties such as glycosylation.

However, despite these potential variables, effective re-

moval can be obtained by a combination of complemen-

tary separation steps or combinations of inactivation and

separation steps. Therefore, well-designed separation

steps such as chromatographic procedures, filtration

steps, and extractions can be effective virus-removal

steps if they are performed under appropriately con-

trolled conditions. An effective virus-removal step should

give reproducible reduction of virus load shown by at

least two independent studies.

An overall reduction factor is generally expressed as the

sum of the individual factors. However, reduction in virus

titer of the order of 1 log10 or less would be considered

negligible and would be ignored unless justified.

If little reduction of infectivity is achieved by the pro-

duction process and the removal of virus is considered

a major factor in the safety of the product, a specific ad-

ditional inactivation/removal step or steps should be in-

troduced. For all viruses, manufacturers should justify the

acceptability of the reduction factors obtained. Results

should be evaluated on the basis of the factors listed

above.

I. Understanding the Limitations of the Viral

Clearance Study

Viral clearance studies are useful for contributing to the

assurance that an acceptable level of safety in the final

product is achieved, but these studies do not by them-

selves establish safety. In addition, a number of factors

in the design and execution of viral clearance studies
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may lead to an incorrect estimate of the ability of the pro-

cess to remove virus infectivity. These factors include the

following:

1. Virus preparations used in clearance studies for a pro-

duction process are likely to be produced in tissue

culture. The behavior of a tissue culture virus in a pro-

duction step may be different from that of the native

virus; for example, native and cultured viruses may

differ in purity or degree of aggregation.

2. Inactivation of virus infectivity frequently follows a bi-

phasic time-curve in which a rapid linear phase is fol-

lowed by a slower phase. It is possible that virus

escaping a first inactivation step may be more resis-

tant to subsequent steps. For example, if the resistant

fraction takes the form of virus aggregates, infectivity

may be resistant to a range of different chemical

treatments and to heating.

3. The ability of the overall process to remove infectivity

is expressed as the sum of the logarithm of the reduc-

tions at each step. The summation of the reduction

factors of steps with little reduction (e.g., below 1

log10) may overestimate the true potential for virus

elimination. Furthermore, reduction values achieved

by repetition of identical or near-identical proce-

dures should not be included unless justified.

4. The expression of reduction factors as logarithmic re-

ductions in titer implies that, although residual virus

infectivity may be greatly reduced, it will never be re-

duced to zero. For example, a reduction in the infec-

tivity of a preparation containing 8 log10 infectious

units per mL by a factor of 8 log10 leaves 0 log10

per mL or 1 infectious unit per mL, taking into con-

sideration the limit of detection of the assay.

5. Pilot-plant–scale processing may differ from com-

mercial-scale processing despite care taken to design

the scaled-down process.

6. Addition of individual viral reduction factors result-

ing from similar inactivation mechanisms through-

out the manufacturing process may overestimate

overall viral clearance.&1S (USP34)

F. Reevaluation of Viral Clearance

&J. Reevaluation of Viral Clearance&1S (USP34)

Whenever significant changes in the production or purifica-
tion process are made, the effect of those changes, both direct
and indirect, on viral clearance should be considered and the
system reevaluated as needed. For example, changes in pro-
duction processes may cause significant changes in the amount
of virus produced by the cell line; and changes in process steps
may change the extent of viral clearance.

&K. Statistics

Viral-clearance studies should include the use of statis-

tical analysis of the data to evaluate the results. The study

results should be statistically valid to support the conclu-

sions reached.

Virus titrations experience the problems of variation

common to all biological assay systems. To define the re-

liability of a study, assessment of the accuracy of the virus

titrations and reduction factors derived from them and

assessment of the validity of the assays should be per-

formed. The objective of statistical evaluation is to estab-

lish that the study has been carried out to an acceptable

level, as discussed immediately below.

Assay methods. These methods may be either quan-

tal or quantitative. Quantal methods include infectivity

assays in animals or in tissue-culture infectious-dose

(TCID) assays, in which the animal or cell culture is scored

as either infected or not. Infectivity titers are then mea-

sured by the proportion of animals or culture infected.

In quantitative methods, the infectivity measured varies

continuously with the virus input. Quantitative methods

include plaque assays in which each plaque counted cor-

responds to a single infectious unit. Both quantal and

quantitative assays are amenable to statistical evaluation.
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Variation. Variation can arise within an assay as a re-

sult of assay-to-assay variability, dilution errors, and dif-

ferences within the assay system that are either

unknown or difficult to control. These effects are likely

to be greater when different assay runs are compared

(between-assay variation) than when results within a sin-

gle assay run are compared (within-assay variation).

Determination of confidence limits. The 95%

confidence limits for results of within-assay variation nor-

mally should be on the order of +0.5 log10 of the mean.

Within-assay variation can be assessed by standard text-

book methods. Between-assay variation can be moni-

tored by the inclusion of a reference preparation, the

estimate of whose potency should be within approxi-

mately 0.5 log10 of the mean estimate established in

the laboratory for the assay to be acceptable. Assays with

lower precision may be acceptable with appropriate jus-

tification. The 95% confidence limits for the reduction

factor observed should be calculated wherever possible

in studies of clearance of relevant viruses and of specific

model viruses. If the 95% confidence limits for the viral

assays of the starting material are +S, and the limits for

the viral assays of the material after the step are +a, the

95% confidence limits for the reduction factor are calcu-

lated as follows:

PROBABILITY OF DETECTION OF VIRUSES AT LOW

CONCENTRATIONS

At low virus concentrations (e.g., in the range of 10 to

1,000 infectious particles per L) it is evident that a sample

of a few mL may or may not contain infectious particles.

The probability, p, that this sample does not contain in-

fectious viruses is calculated as follows:

p = [(V–v)/V]n

where V(L) is the overall volume of the material to be

tested; v(L) is the volume of the sample; and n is the ab-

solute number of infectious particles statistically distribut-

ed in V.

If V 44 v, this equation can be approximated by the

Poisson distribution:

p = e–cv

where c is the concentration of infectious particles per L;

or by

c = ln p/–v

As an example, if a sample volume of 1 mL is tested, the

probabilities p at virus concentrations ranging from 10 to

1,000 infectious particles per L are:

c 10 100 1,000

p 0.99 0.90 0.37

This indicates that for a concentration of 1,000 viruses

per L, in 37% of a sampling, 1 mL will not contain a virus

particle. If only a portion of a sample is tested for virus

and the test is negative, the amount of virus that would

have to be present in the total sample in order to achieve

a positive result should be calculated. This value should

be taken into account when one calculates a reduction
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factor. Confidence limits at 95% are desirable. However,

in some instances, this may not be practical because of a

low virus concentration.&1S (USP34)

Change to read:

VII. SUMMARY
This document

&chapter&1S (USP34)

suggests approaches for the evaluation of

&evaluating&1S (USP34)

the risk of viral contamination and for the removal of

&removing&1S (USP34)

virus from product, thus contributing to the production of safe
biotechnology products derived from animal or human cell
lines. , and

&The chapter&1S (USP34)

emphasizes the value of many

&several&1S (USP34)
strategies, including

&the following:&1S (USP34)

1. Thorough characterization/screening of cell substrate
starting material in order to identify which, if any, viral con-
taminants are present;

2. Assessment of risk by determination of the human tropism
of the contaminants;

3. Establishment of an appropriate program of testing for ad-
ventitious viruses in unprocessed bulk;

4. Careful design of viral clearance studies using different
methods of virus inactivation or removal in the same pro-
duction process in order to achieve maximum viral clear-
ance; and

5. Performance of studies that assess virus inactivation and re-
moval.

Delete the following:

&GLOSSARY
Adventitious Virus. See Virus.
Cell Substrate. Cells used to manufacture product.
Endogenous Virus. See Virus.
Inactivation. Reduction of virus infectivity caused by chemical

or physical modification.
In Vitro Cell Age. A measure of the period between thawing of

the MCB vial(s) and harvest of the production vessel measured
by elapsed chronological time in culture, population doubling
level of the cells, or passage level of the cells when subcultivated
by a defined procedure for dilution of the culture.

Master Cell Bank (MCB). An aliquot of a single pool of cells
which generally has been prepared from the selected cell clone
under defined conditions, dispensed into multiple containers,
and stored under defined conditions. The MCB is used to derive
all working cell banks. The testing performed on a new MCB
(from a previous initial cell clone, MCB, or WCB) should be
the same as for the original MCB, unless justified.

Minimum Exposure Time. The shortest period for which a
treatment step will be maintained.

Nonendogenous Virus. See Virus.
Process Characterization of Viral Clearance. Viral clearance stu-

dies in which nonspecific ‘‘model’’ viruses are used to assess the
robustness of the manufacturing process to remove and/or in-
activate viruses.

Process Evaluation Studies of Viral Clearance. Viral clearance
studies in which ‘‘relevant’’ and/or specific ‘‘model’’ viruses
are used to determine the ability of the manufacturing process
to remove and/or inactivate these viruses.

Production Cells. Cell substrate used to manufacture product.
Unprocessed Bulk. One or multiple pooled harvests of cells

and culture media. When cells are not readily accessible, the un-
processed bulk would constitute fluid harvested from the fer-
menter.

Virus. Intracellularly replicating infectious agents that are po-
tentially pathogenic, possess only a single type of nucleic acid
(either ribonucleic acid (RNA) or DNA), are unable to grow and
undergo binary fission, and multiply in the form of their genetic
material.

Adventitious Virus. Unintentionally introduced contaminant
virus.

Endogenous Virus. Viral entity whose genome is part of the
germ line of the species of origin of the cell line and is covalently
integrated into the genome of animal from which the parental
cell line was derived. For the purposes of this document, inten-
tionally introduced, nonintegrated viruses such as EBV used to
immortalize cell substrates or Bovine Papilloma Virus fit in this
category.

Nonendogenous Virus. Virus from external sources present in
the MCB.

Nonspecific Model Virus. A virus used for characterization of
viral clearance of the process when the purpose is to character-
ize the capacity of the manufacturing process to remove and/or
inactivate viruses in general, i.e., to characterize the robustness
of the purification process.

Relevant Virus. Virus used in process evaluation studies which
is either the identified virus, or of the same species as the virus
that is known, or likely to contaminate the cell substrate or any
other reagents or materials used in the production process.

Specific Model Virus. Virus which is closely related to the
known or suspected virus (same genus or family), having similar
physical and chemical properties to those of the observed or
suspected virus.

Viral Clearance. Elimination of target virus by removal of viral
particles or inactivation of viral infectivity.

Virus-like Particles. Structures visible by electron microscopy
which morphologically appear to be related to known viruses.

Virus Removal. Physical separation of virus particles from the
intended product.

Working Cell Bank (WCB). The WCB is prepared from aliquots
of a homogeneous suspension of cells obtained from culturing
the MCB under defined culture conditions.&1S (USP34)

Add the following:

&APPENDIX I. GLOSSARY

Adventitious virus: Unintentionally introduced con-

taminant virus.

Bulk product: Any product that has undergone all

processing stages up to, but not including, final packag-

ing.

Cell bank: A collection of appropriate containers

whose contents are of uniform composition stored under

defined conditions. Each container represents an aliquot

of a single pool of cells.
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Cell culture: The in vitro growth of cells isolated from

multicellular organisms.

Cell line: A type of cell population that originates by

serial subculture of a primary cell population and can

be banked.

Cell substrate: Cells used in the manufacture of bio-

technology-derived sproducts.

Endogenous virus: Viral entity whose genome is part

of the germ line of the species of origin of the cell line and

is covalently integrated into the genome of the animal

from which the parental cell line was derived. For the

purposes of this chapter, intentionally introduced, nonin-

tegrated viruses—such as EBV, used to immortalize cell

substrates, or bovine papilloma virus—fit into this cate-

gory.

Finished product: A pharmaceutical product that has

undergone all stages of production, including packaging

in its final container.

GMP: Good manufacturing practices. Sometimes re-

ferred to as current good manufacturing practices

(cGMP).

In vitro cell age: A measure of the period between

thawing of the MCB vial(s) and harvest of the production

vessel, measured by elapsed chronological time in cul-

ture, population doubling level of the cells, or passage le-

vel of the cells when subcultivated by a defined

procedure for dilution of the culture.

Master cell bank (MCB): An aliquot of a single pool

of cells that generally has been prepared from the select-

ed cell clone under defined conditions, dispensed into

multiple containers, and stored under defined condi-

tions. The MCB is used to derive all working cell banks.

The testing performed on a new MCB (from a previous

initial cell clone, MCB, or WCB) should be the same as

for the original MCB, unless justified.

Minimum exposure time: The shortest period for

which a treatment step will be maintained.

Nonendogenous virus: Virus from external sources

present in the MCB.

Nonspecific model virus: A virus used to character-

ize viral clearance of a process when the purpose is to

characterize the capacity of the manufacturing process

to remove and/or inactivate viruses in general, i.e., to

characterize the robustness of the purification process.

Parental cells: Cells that will be manipulated to give

rise to a cell substrate or an intermediate cell line. For mi-

crobial expression systems, it is typical to also describe

the parental cells as the host cells. For hybridomas, it is

typical to also describe the parental cells as the cells that

will be fused.

Process characterization of viral clearance: Viral

clearance studies in which nonspecific model viruses

are used to assess the robustness of the manufacturing

process to remove and/or inactivate viruses.

Process evaluation studies of viral clearance: Vir-

al clearance studies in which relevant and/or specific mo-

del viruses are used to determine the ability of the

manufacturing process to remove and/or inactivate

these viruses.

Process fluids: Production intermediates that are ob-

tained for viral clearance studies. They should be ob-

tained from a full-scale production facility or a smaller-

scale facility that has been validated to ensure that it is

making product comparable to that from a full-scale fa-

cility.
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Production cells: Cell substrate used to manufacture

product.

Production process: The manufacturing processes,

often varied and complex, for biologics derived from liv-

ing systems. Biological drugs can be isolated from natu-

rally derived sources or manufactured using bacteria,

yeast, fungi, insect, plant, chimerics, mammalian cell cul-

tures, transgenics, and other systems. Bioprocessing of

proteins involves the integration and scale-up of up-

stream and downstream processing and process moni-

toring, optimization, and control. In general, biological

manufacture can be divided into two main processes—

upstream and downstream processing. Upstream activ-

ities produce the protein of interest, usually by cell cul-

ture or fermentation. Upstream considerations include

the integrity and quality of the process, cell banks, ex-

pression systems, cultivation, media, process/product

purity, impurities, and contaminants. Downstream pro-

cessing refers to the separation and purification of the

bulk bioproduct into a form suitable for its end use. This

usually includes the recovery of the product from the me-

dia, purification, sterilization, and final formulation. Typ-

ically, downstream processing techniques include

filtration, centrifugation, precipitation, numerous chro-

matographic separations, and sterilization by aseptic

processing, terminal filtration, or lyophilization.

Purification process: The act of separating and iso-

lating, as completely as possible, the product of interest

in its desired form from the fermentation supernatant or

cell homogenate.

Qualification: The process of certifying that a certain

product has passed performance and/or quality assur-

ance tests or requirements stipulated in regulations such

internationally accredited test standards or that it com-

plies with a set of regulations governing quality and/or

minimum performance requirements. For example,

equipment qualification involves the actions of proving

that any equipment works correctly and actually leads

to the expected results. The term validation sometimes

is widened to incorporate the concept of qualification.

Relevant virus: Virus used in process evaluation stu-

dies that either is the identified virus or is of the same spe-

cies as the virus that is known (or likely) to contaminate

the cell substrate or any other reagents or materials used

in the production process.

Specific model virus: Virus that is closely related to

the known or suspected virus (same genus or family)

and has physical and chemical properties similar to those

of the observed or suspected virus.

Unprocessed bulk: One or multiple pooled harvests

of cells and culture media. When cells are not readily ac-

cessible, the unprocessed bulk would constitute fluid har-

vested from the fermenter.

Viral clearance: Elimination of target virus by remov-

al of viral particles or inactivation of viral infectivity. This

usually is expressed as the reduction factor (Ri), which is

the titer of virus loss during the process step under eval-

uation.

Viral inactivation: The process of intentionally redu-

cing or killing the virus by chemical or physical modifica-

tion, which results in remaining viral fragments that lack

the structure and components needed to infect an indi-

vidual who receives the product.

Viral inactivation methods: Techniques used to in-

activate viruses, including pasteurization, terminal dry

heat, vapor heat, solvents, detergents, denaturing

agents, pH alterations, and radiation.
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Viral load: A defined viral load is added intentionally

to a production intermediate that is then subjected to in-

activation/purification treatment. The experimental de-

termination of the viral loads before and after

treatment enables calculation of a reduction factor that

is specific to the treatment and the virus used.

Viral removal (or partitioning): The physical sepa-

ration of the virus or viral particles from the therapeutic

component or intended product.

Virus: Intracellularly replicating infectious agent that is

potentially pathogenic, possesses only a single type of

nucleic acid (either RNA or DNA), is unable to grow

and undergo binary fission, and multiplies in the form

of its genetic material.

Virus-like particles: Structures that are detectable by

electron microscopy and that morphologically appear to

be related to known viruses.

Virus removal/inactivation validation: Virus re-

moval/inactivation validation studies consist of evaluat-

ing the capacity of a process to eliminate and/or to

inactivate viruses. Typically, this is conducted by spiking

the product with a known virus and subsequently sub-

jecting the product to inactivation/purification proces-

ses.

Working cell bank (WCB): A cell bank prepared

from aliquots of a homogeneous suspension of cells ob-

tained from culturing the MCB under defined culture

conditions.&1S (USP34)

Change to read:

APPENDIX 1
Products Derived from Characterized Cell Banks Which
Were Subsequently Grown In Vivo

&APPENDIX 2. PRODUCTS DERIVED FROM CHAR-

ACTERIZED CELL BANKS AND SUBSEQUENTLY

GROWN IN VIVO&1S (USP34)

For products manufactured from fluids harvested from ani-
mals inoculated with cells from characterized banks, additional
information regarding the animals should be provided.

Whenever possible, animals used in the manufacture of bio-
technological/biological products should be obtained from
well defined, specific pathogen-free colonies. Adequate testing
for appropriate viruses, such as those listed in Table 3, should be
performed.

&Perform adequate testing for appropriate viruses, such

as those listed in Table 3.&1S (USP34)
Quarantine procedures for newly arrived as well as diseased an-
imals should be described, and assurance provided that all con-
tainment, cleaning, and decontamination methodologies
employed within the facility are adequate to contain the spread
of adventitious agents. This may be accomplished through

&by&1S (USP34)

the use of a sentinel program. A listing of agents for which test-
ing is performed should also be included.

Veterinary support services should be available on site or
within easy access. The degree to which the vivarium is segre-
gated from other areas of the manufacturing facility should be
described. Personnel practices should be adequate to ensure
safety. Procedures for the maintenance of the animals should
be fully described. These would

&

&1S (USP34)

include diet, cleaning and feeding schedules, provisions for per-
iodic veterinary care if applicable, and details of special han-
dling that the animals may require once inoculated.

A description of the priming regimen(s) for the animals, the
preparation of the inoculum

&inoculums,&1S (USP34)

and the site and route of inoculation should also be included.
The primary harvest material from animals may be considered
an equivalent stage of manufacture

&equivalent in manufacture&1S (USP34)

to unprocessed bulk harvest from a bioreactor. Therefore, all
testing considerations previously outlined in section IV of this
document

&Section IV of this chapter&1S (USP34)

should apply. In addition, the manufacturer should assess the
bioburden

&bio-burden&1S (USP34)
of the unprocessed bulk, determine whether the material is free
of mycoplasma, and perform species-specific assay(s) as well as
in vivo testing in adult and suckling mice.
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Change to read:

APPENDIX 2
The Choice of Viruses for Viral Clearance Studies

&APPENDIX 3. CHOICE OF VIRUSES FOR VIRAL

CLEARANCE STUDIES&1S (USP34)

A. Examples of Useful ‘‘Model’’Viruses:

&A. Examples of Useful Model Viruses&1S (USP34)

1. Nonspecific ‘‘model’’

&model&1S (USP34)

viruses representing a range of physicochemical structures:

� SV40 (Polyomavirus maccacae 1), human polio virus 1
(Sabin), animal parvovirus or some other small, none-
nveloped viruses;

� a parainfluenza virus or influenza virus, Sindbis virus,
or some other medium-to-large, enveloped RNA virus-
es;

� a herpesvirus (e.g., HSV-1 or a pseudorabies virus), or
some other medium-to-large DNA viruses.

These viruses are examples only, and their use is not man-
datory.

2. For rodent cell substrates, murine retroviruses are com-
monly used as specific ‘‘model’’

&model&1S (USP34)

viruses.

B. Examples of Viruses that Have Been Used in
Viral Clearance Studies

Several viruses that have been used in viral clearance studies
are listed in Table A-1

&the main text, Table 5.&1S (USP34)

However, since these are merely examples, the use of any of the
viruses in the table is not considered mandatory, and manufac-
turers are invited to consider other viruses, especially those that
may be more appropriate for their individual production pro-
cesses. Generally, the process should be assessed for its ability
to clear at least three different viruses with differing character-
istics.

Add the following:

&APPENDIX 4. VIRUS ABBREVIATIONS

Abbrevia-

tion Name

Ad2 Adenovirus type 2

Ad5 Adenovirus type 5

BACV Baculovirus

BPV Bovine papilloma virus

Abbrevia-

tion Name

BVDV Bovine viral diarrhea virus

CVV Cache valley virus

EMC Encephalomyocarditis virus

FLUAV Influenza A virus

HAV Hepatitis A virus

HIV-1 Human immunodeficiency virus type 1

HSV-1 Herpes simplex virus type 1

IBR Infectious bronchitis virus

MMV Mouse myeloma virus

PI3 Parainfluenza virus type 3

PPV Plumpox virus

PRV Pseudorabies virus

PV Poliovirus

Reo3 Reovirus type 3

SV-5 Simian vacuolating virus 5

SV40 Simian vacuolating virus 40

VV Vaccinia virus

VSV Vesicular stomatitis virus

WNV West Nile virus

XMuLV Xenotropic murine leukemia virus

&1S (USP34)

Delete the following:

&APPENDIX 3
A. Statistical Considerations for Assessing Virus Assays
Virus titrations suffer the problems of variation common to all

biological assay systems. Assessment of the accuracy of the virus
titrations and reduction factors derived from them and the va-
lidity of the assays should be performed to define the reliability
of a study. The objective of statistical evaluation is to establish
that the study has been carried out to an acceptable level of
virological competence.

1. Assay methods may be either quantal or quantitative.
Quantal methods include infectivity assays in animals or in tis-
sue-culture-infectious-dose (TCID) assays, in which the animal
or cell culture is scored as either infected or not. Infectivity titers
are then measured by the proportion of animals or culture in-
fected. In quantitative methods, the infectivity measured varies
continuously with the virus input. Quantitative methods in-
clude plaque assays where each plaque counted corresponds
to a single infectious unit. Both quantal and quantitative assays
are amenable to statistical evaluation.
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2. Variation can arise within an assay as a result of dilution
errors, statistical effects, and differences within the assay system
which are either unknown or difficult to control. These effects
are likely to be greater when different assay runs are compared
(between-assay variation) than when results within a single as-
say run are compared (within-assay variation).

3. The 95 percent confidence limits for results of within-assay
variation normally should be on the order of +0.5 log10 of the
mean. Within-assay variation can be assessed by standard text-
book methods. Between-assay variation can be monitored by
the inclusion of a reference preparation, the estimate of whose
potency should be within approximately 0.5 log10 of the mean
estimate established in the laboratory for the assay to be ac-
ceptable. Assays with lower precision may be acceptable with
appropriate justification.

4. The 95 percent confidence limits for the reduction factor
observed should be calculated wherever possible in studies of
clearance of ‘‘relevant’’ and specific ‘‘model’’ viruses. If the 95
percent confidence limits for the viral assays of the starting ma-
terial are +s, and for the viral assays of the material after the step
are +a, the 95 percent confidence limits for the reduction factor
are

B. Probability of Detection of Viruses at Low Concentrations
At low virus concentrations (e.g., in the range of 10 to 1,000

infectious particles per L) it is evident that a sample of a few
milliliters may or may not contain infectious particles. The pro-
bability, p, that this sample does not contain infectious viruses
is:

p = ((V-v) / V)n

where V (L) is the overall volume of the material to be tested; v
(L) is the volume of the sample; and n is the absolute number of
infectious particles statistically distributed in V.

If V 44 v, this equation can be approximated by the Poisson
distribution:

p = e–cv

where c is the concentration of infectious particles per L.

or, c = ln p / –v

As an example, if a sample volume of 1 mL is tested, the prob-
abilities p at virus concentrations ranging from 10 to 1,000 in-
fectious particles per L are:

c 10 10 1,000

p 0.99 0.90 0.37

This indicates that for a concentration of 1,000 viruses per L,
in 37 percent of sampling, 1 mL will not contain a virus particle.

If only a portion of a sample is tested for virus and the test is
negative, the amount of virus which would have to be present
in the total sample in order to achieve a positive result should be
calculated and this value taken into account when calculating a
reduction factor. Confidence limits at 95 percent are desirable.
However, in some instances, this may not be practical due to
material limitations.&1S (USP34)

Delete the following:

&APPENDIX 4
Calculation of Reduction Factors in Studies to Determine Viral
Clearance

The virus reduction factor of an individual purification or in-
activation step is defined as the log10 of the ratio of the virus
load in the pre-purification material and the virus load in the
post-purification material which is ready for use in the next step
of the process. If the following abbreviations are used:

Starting material: vol v’; titer 10a’;
virus load: (v’)(10a),
Final material: vol v’’; titer 10a’’;
virus load: (v’’)(10a’’),
the individual reduction factors Ri are calculated according to
10Ri = (v’)(10a’) / (v’’)(10a’’)
This formula takes into account both the titers and volumes

of the materials before and after the purification step.
Because of the inherent imprecision of some virus titrations,

an individual reduction factor used for the calculation of an
overall reduction factor should be greater than 1.

The overall reduction factor for a complete production pro-
cess is the sum logarithm of the reduction factors of the individ-
ual steps. It represents the logarithm of the ratio of the virus
load at the beginning of the first process clearance step and
at the end of the last process clearance step. Reduction factors
are normally expressed on a logarithmic scale which implies
that, while residual virus infectivity will never be reduced to ze-
ro, it may be greatly reduced mathematically.&1S (USP34)

Delete the following:

&APPENDIX 5
Calculation of Estimated Particles per Dose

This is applicable to those viruses for which an estimate of
starting numbers can be made, such as endogenous retro-
viruses.

Example:
I. Assumptions
Measured or estimated concentration of virus in cell culture

harvest = 106/mL
Calculated viral clearance factor =41015

Volume of culture harvest needed to make a dose of product
= 1 L (l03 mL)

II. Calculation of Estimated Particles/Dose

Therefore, less than one particle per million doses would be ex-
pected.&1S (USP34)
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BRIEFING

h1097i Bulk Powder Sampling Procedures, page 367 of
PF 35(2) [Mar.–Apr. 2009]. On the basis of comments received,
a revision of this proposed chapter is presented. Some wording
in the chapter is corrected to better represent current thinking
in sampling theory. For example, when referring to the sample,
words like ‘‘correct’’, ‘‘adequate’’, and ‘‘unbiased’’ are used in-
stead of ‘‘representative’’, ‘‘perfect’’, etc. An error in formula 6
is corrected. Also, an error in the calculations under example 1 is
corrected. The earlier proposed Appendix 3 is eliminated be-
cause many easily available statistical books contain examples
of how to use random number tables. Other editorial changes
and corrections are incorporated in this revision.

(STAT: H. Pappa.) RTS—C77338; C79440; C77414;
C76363

Add the following:

&h1097i BULK POWDER SAMPLING
PROCEDURES

Change to read:

INTRODUCTION

The purpose of a sampling plan is to obtain a represen-

tative sample of a population so that reliable inferences

about the population sampled can be drawn to a certain

level or degree of confidence. Acquiring a representative

sample from a lot is critical because without a represen-

tative sample all further analyses and data interpretations

about the lot are in doubt. A perfect&correct&1S (USP34)

sampling process is a process in which every particle or

at least every equal-size portion of the population has

an equal probability of being chosen in the sample. In ad-

dition, sampling procedures should be reproducible, i.e.,

if the sampling protocol were repeated, a high probabil-

ity should exist of obtaining similar results. Also, the in-

tegrity of the sample should be preserved during and

after sampling. The details of how to sample depend

on a variety of factors. For example, criteria for sampling

to evaluate particle segregation may differ from criteria

for evaluating moisture content or identification.

Because of the propensity of a powder to segregate,

heterogeneous powder systems can make it difficult to

obtain a perfect&correct&1S (USP34) sample. Thus, to extract

representative samples requires careful development of a

sampling plan that accounts for and mitigates the segre-

gation tendencies of a particular powder system. Devel-

oping a general guidance for bulk powder sampling is

challenging because every situation is different, and

therefore different approaches must be used to deal with

each situation. Thus, the goal of this general information

chapter is to outline recommended steps for developing

a sampling scheme or plan for a particular system that is

consistent with good sampling practices.

The primary difficulty in acquiring a representative

sample is that the size of the sample for measurement,

typically a few milligrams to grams, must be withdrawn

from a large population on the order of hundreds to

thousands of kilograms. The few milligrams analyzed in

a laboratory must be taken from a large population of

particles in a warehouse in such a manner that the mea-

surement sample is representative of all the particles in

the lot. Any bias or error in the sampling process will

cause all future inferences to be in error. Over the years

methods have been developed and refined to attempt to

ensure that the measurement sample is representative of

the whole population. A typical strategy is shown in Fig-

ure 1. The strategy is to sample in stages, starting with

the initial gross or primary sample withdrawn directly

from the received containers. In the laboratory, the gross

sample must be reduced in size until it is the appropriate

size for measurement. This should be done in a manner

that minimizes the introduction of sampling errors. Ran-

domness is the&The&1S (USP34) key to reducing the sam-

pling error because it ensures&is to ensure&1S (USP34) that

every particle of the population has an equal probability
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of being included in the sample. However, because of

segregation or the nonrandom nature of powders, many

obstacles can cause bias and contribute to sampling er-

rors. Following the flow chart in Figure 1 and the steps

outlined in subsequent discussions will help to minimize

sampling errors.

Figure 1. Overall sampling strategy for reducing the

sample size from the hundreds of kg scale to the mg

scale.

To acquire a representative sample, a suitable sampling

plan must be developed and implemented. A good sam-

pling plan includes: (1) population determination and

sample size selection, (2) a sample collection procedure

and a method for sample size reduction, and (3) summa-

ry calculations that demonstrate that the sampling plan

will yield samples that accurately characterize the popu-

lation &to within a stated level of acceptance.&1S (USP34) In

addition, an infrastructure is needed to maintain the in-

tegrity of the samples and sampled materials.

This chapter begins with a brief introduction to sam-

pling theory and terminology. The technical content of

the chapter requires a basic scientific understanding of

physical particle characteristics (e.g., mass, density,

shape, and size) and statistics (e.g., acceptance sampling

and binomial distribution).

Change to read:

SAMPLING THEORY AND TERMINOLOGY

Fundamental Sample Size (Sample Mass)

Sample size is considered from two perspectives: (1)

the mass of the sample intended to represent the entire

population, sometimes termed the composite sample,

and (2) the number of samples taken with a mass suffi-

cient to independently evaluate, compare, or provide

confidence to ensure the reproducibility of the compos-

ite or the uniformity of the population. The key to obtain-

ing a good&representative or correct&1S (USP34) sample is to

understand and account for the degree of heterogeneity

of the characteristic being evaluated in the system under

study. For example, heterogeneity of a particle system

arises from two sources: the intrinsic, constitutive, or

compositional heterogeneity and the spatial distribution

heterogeneity. The intrinsic heterogeneity of the powder

system reflects the fundamental differences in the indi-

vidual particles. Statistical heterogeneity (differences be-

tween individuals), or variance, is expected to maintain

assumed properties. For a normal population the general

expression for a statistical sample size suggests that the

number of independent samples is proportional to the

square of the confidence level (Z) and the bell-shaped

&

&1S (USP34) population variation (s &2
&1S (USP34)) and is in-

versely proportional to the square of the difference re-

quired (d), as shown in equation 1:
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&In order to apply the normal theory sample size

equation to sample mass with a discrete number of par-

ticles, consideration for material characteristics is nee-

ded.&1S (USP34) For a heterogeneous bulk material, such

as a bulk powder, the sample mass required to ensure ad-

equate representation of the intrinsic or fundamental

population heterogeneity or variation is determined by

the size, shape, and density of the particles. The total

sampling error (TSE), or fundamental sampling error for

a perfect&correct&1S (USP34) sampling method, measures

the difference between the analyte sample concentration

(asample) and the analyte lot concentration (alot) relative to

the average analyte lot concentration (alot), as shown in

equation 2:

The &variance of the&1S (USP34) fundamental sampling er-

ror (Sfse
2) has been experientially&empirically&1S (USP34) esti-

mated in particle size applications by characterizing the

critical particle mass, heterogeneity, size (diameter),

shape, density, and weights of the material. Experiential

&Empirical&1S (USP34) estimates require a thorough and

complete knowledge of the material and process. Estab-

lished material characterization and methods are critical

aspects of avoiding unacceptable estimates. As shown in

equation 3:

where fshape is a measure of cubicity or shape factor of the

analyte particles; gCF, the granulometric factor, is an ex-

periential&empirical&1S (USP34) correction factor of differ-

ences in diameter of the particles&particle size;&1S (USP34)

cmax is the compositional maximum heterogeneity and

is expressed when the analyte or particle exists as two

fractions&calculated as if the material consists of the ana-

lyte particles and everything else;&1S (USP34) l, the liberation

factor, is an experiential&empirical&1S (USP34) factor

representing the proportion of critical content particles

within the particles of the lot; dmax is the maximum&no-

minal&1S (USP34) particle diameter &[e.g., the diameter (cm)

of the size of the opening of a screen retaining 5% by

weight of the lot to be sampled];&1S (USP34) msample is the

mass of the sample; and mlot is the mass of the lot being

sampled. [NOTE—A liberation factor is needed when the

analyte is not completely liberated&does not appear as

separate particles.&1S (USP34) A high liberation value (1.0)

suggests heterogeneity of particles. A low liberation val-

ue (0.05) suggests very homogeneous particles. See Ap-

pendix I for examples of potential applications of

equation 3 in the estimation of the fundamental sample

mass needed to account for constitutional heterogeneity

of the powder mixture.]

Segregation Error

Distribution heterogeneity is the difference between

samples or groups of particles spatially or temporally.

For example, small particles are located preferentially in

the lower portion of a powder bed. This type of situation

can arise as a result of powder bed segregation and is

common in some particle systems with a broad particle

size distribution. In other words, smaller particles may

not be randomly distributed throughout the lot. This

spatial heterogeneity introduces variation in the sample

and is a source of variation that contributes to the total

variation. Together, fundamental and segregation error

give rise to sampling error, which dictates how variable

the samples will be, how large the sample size and num-
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bers of samples should be (e.g., 10 containers, sampled

at top and bottom, with sample sizes of 50 g each), and

how hard it will be to obtain representative sample.

Minimizing the effects of segregation error during lot

material characterization while still ensuring a represen-

tative sample mass requires collecting many small sam-

ples that average out the variation of the segregation

error. &This assumes one is interested in estimating

the overall average, not characterizing lot heterogenei-

ty.&1S (USP34) Segregation error is difficult to control be-

cause segregation may be the result of changes in

particle size, shape, and density, as well as inputs into

the determination of sample mass. Minimizing the ef-

fects of segregation error when reducing the primary

sample size requires adequate physical mixing or ran-

domization of the primary samples before analysis, thus

providing equal selection probability.

Total Sampling Method Error

Intrinsic or compositional heterogeneity is a function of

the powder system and represents the true characteris-

tics of the material (e.g., equation 3). Thus, intrinsic het-

erogeneity is often the minimal variance a system can

have. The difference between the true state of the system

and what is actually measured is called the fundamental

error (equation 2). The total sampling error (S2
Total) is re-

presented in equation 4 as the sum of all error compo-

nents:

Total error can be reduced by correct sampling. Cor-

rect sampling will limit or adjust for the effects of error

contributed by particle segregation, extraction error cre-

ated by the sampling device, delimitation error created

by not considering the three-dimensional nature of the

bulk material, and sample preparation and&

&1S (USP34) han-

dling errors such as product degradation. The total vari-

ation is the sum of these sources of error, illustrated in

equation 4 as independent, additive components. To

the end of reducing these errors, an important goal of

material characterization by sampling is the determina-

tion of the relevant errors within the bulk sample. Know-

ing the source of the error helps determine how to best

minimize these errors.

Fundamental error is&arises from&1S (USP34) the intrinsic

distributional variation&heterogeneity&1S (USP34) of parti-

cles within a sample of the material population. Reducing

fundamental error requires changing the intrinsic charac-

teristics of the material, such as subsampling or&&1S (USP34)

reducing the particle size by milling or grinding. Segre-

gation or grouping&

&1S (USP34) error is the spatial distribu-

tional error&difference&1S (USP34) of particles across the

population and this type of error can be minimized by

mixing or randomization &of the particles being selec-

ted.&1S (USP34) Segregation error is affected by the charac-

teristics of fundamental error. Additionally, for the

determination of both fundamental and segregation er-

ror, it is assumed that mechanical sampling is carried out

correctly and is not invasive, i.e., that mechanical sam-

pling does not alter the characteristics being measured

and provides a true representation. In instances where

sampling of the bulk material does not provide a

true&unbiased&1S (USP34) representation or is so invasive
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that it alters material characteristics, then, in order to ob-

tain noninvasive, true&unbiased&1S (USP34) samples, opera-

tors may need to change sampling from a bulk form to a

stream form of processing, either upstream or down-

stream from the sample point (see Appendix 2). The

mechanical sampler may need to mix the sample

sufficiently to facilitate random sampling with equal pro-

bability of selection in order to obtain an accurate&ade-

quate&1S (USP34) representation of the entire bulk lot. The

process may also require mixing or sampling from a loca-

tion in the process that will provide a random sample

from material that is susceptible to segregation.

Extraction, delimitation, and preparation or&&1S (USP34)

handling errors occur as a result of the mechanical sam-

pler and sample handling prior to analysis, which also are

affected by fundamental error. Trends, shifts, and cycles

are temporal sources of error that affect fundamental&to-

tal&1S (USP34) error. The analytical error of the method of

analysis contributes to the total error of the reported re-

sult. In addition to obtaining representative subsamples

from the bulk material, the method must also obtain a

representative subsample from the particulate laboratory

sample before analysis.

Sampling Strategy

A typical sampling strategy consists of two basic steps:

(1) the primary or gross sample, followed by (2) the sec-

ondary sample, which reduces the primary sample to a

size that is suitable for laboratory measurement. In short,

the goal is to select from the lot a quantity of material

suitable for measurement without significantly changing

the attribute for which one is sampling. In parallel with

the sample size reduction, sample size calculations must

be done in such a way that the sampling strategy has suf-

ficient statistical power to determine whether the attri-

butes of interest lie within the specification ranges with

a reasonable degree of certainty. Each step must be done

correctly, or the sampling strategy as a whole will not

provide a sample that is representative of the original

population.

To successfully withdraw a sample from a bulk contain-

er that is representative of the population, one needs to

have an idea of the population’s heterogeneity, i.e., how

segregated or stratified the system is. Knowing what fac-

tors can accentuate segregation and knowing the pat-

terns of segregation that are likely will help one to

account for segregation in a powder bed and to take bet-

ter samples. Many factors can affect the degree of pow-

der bed segregation. For segregation to occur, sufficient

energy needs to be put into the powder bed to induce

motion between particles. When a sufficient amount of

energy is supplied, segregation can occur via three mo-

des: percolation (in the powder bed), rolling (on the free

surfaces of a powder bed), and free flight (when the

powder bed is fluidized). These modes are illustrated in

Figure 2.

Figure 2. Illustration of the three modes of particle

segregation: percolation, rolling, and free flight.

Within the powder bed, segregation can occur by

means of percolation, also called sifting segregation, as

well as through the movement of coarse particles to

the top via vibration. During sifting segregation, smaller

particles acting under the influence of gravity can more

easily migrate downward into the void spaces between

larger particles when the particle bed is perturbed. The

net effect of these movements is that the smaller particles

percolate down into the powder bed, resulting in the top
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of the powder bed having a higher proportion of larger

particles. A common example of sifting segregation is un-

popped corn kernels that are found at the bottom of a

bag of popped popcorn.

For free surfaces, rolling segregation can occur any

time that particles can roll down a free surface. In other

words, segregation can occur on any non-level surface

that allows the relative movement of particles. When par-

ticles roll down these free surfaces, larger particles tend

to tumble farther down the surface than the smaller par-

ticles (see Figure 3). For example, if a conical heap or pile

is formed in the middle of a hopper during loading, lar-

ger particles are more likely to roll farther down the heap,

toward the outer edge of the hopper. This creates a situ-

ation in which the smaller particles tend to be in the cen-

ter of the hopper, and the larger particles accumulate

toward the outer wall of the hopper. The formation of

these free surfaces can be a major factor in segregation.

Figure 3. Example of extensive powder segregation

within a drum.

&

Figure 3. Example of extensive powder segregation

within a drum.&1S (USP34)

When powder beds are fluidized, a large amount of air

is incorporated into the powder bed and, when this air is

moving, the air velocity may exceed the terminal velocity

of the smaller particles. When this happens, the fine par-

ticles are suspended in the air stream while the coarse

particles settle out. The fine particles eventually settle

on top of the powder bed, forming a top layer that has

a higher concentration of fine particles. This type of seg-

regation, sometimes called elutriation segregation, can

occur when a powder is discharged from a hopper, or

is poured into the top of a hopper, and a large volume

of air is displaced.

In summary, for a highly segregating system, the pow-

der bed could have a particle distribution similar to that

shown in Figure 3, where, as a result of elutriation segre-

gation, a layer of fine particles on the top overlies larger

particles deposited by percolation segregation, and a ra-

dial distribution of larger particles appears toward the

outer wall as a result of rolling segregation.

In general, the primary factors that affect segregation

are particle size and size distribution, density, and shape

and shape distribution. Of secondary importance are sur-

face roughness, surface coefficient of friction, moisture

content, and container shape and design. Particle size

is the most important single factor, and subtle differences

in particle size can cause measurable segregation. If the

attribute of interest is associated with particle size, then

this attribute will segregate along with the different par-

ticle sizes. For example, if a manufacturer makes a gran-

ulation in which the larger particles contain more drug

than the smaller particles, then drug content can be very

prone to segregation—i.e., drug content will show seg-

regation patterns similar to those associated with particle

size segregation.

Segregation can notably increase sampling error be-

cause it decreases the probability that certain particle

types will be in the sample. In addition, the powder

bed may already be segregated when material is re-
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ceived, and poor sample handling can also cause segre-

gation. To avoid further segregation during sample han-

dling, the operator should avoid situations that promote

segregation, such as the following: pouring where the

powder forms a sloping surface, pouring into the core

of a hopper, vibrations, shaking, and stirring (unless done

to promote mixing). In addition, the use of mass flow

hoppers reduces segregation.

Two basic strategies help ensure&promote correct sam-

pling&1S (USP34) that every element of the population of

segregating systems has an equal probability of being

in the sample: (1) use of a sampling thief and (2) sam-

pling from a moving powder stream.

A sampling thief is a long spearlike probe that can be

inserted into the powder bed and, once inserted, can col-

lect powder samples from points adjacent to the spear.

With a sampling thief, particles from almost any point

in the powder bed can be included in the sample. The

second method relies on fundamental principles of sam-

pling, namely that (1) a powder should always be sam-

pled when in motion, and (2) the whole stream of

powder should be sampled for many short periods rather

than sampling a part of the stream for a longer period.

For example, if the container to be sampled is emptied

onto a conveyer belt, all the material will pass by a single

point that can be sampled. Thus, no matter how segre-

gated the system is, the collection of the powder at ran-

dom time points ensures that every particle has an equal

probability of being included in the sample. The second

fundamental principle accounts for material segregation

on the conveyer belt: by collecting the entire stream, one

gets a cross section of all the particles, no matter how

much segregation occurs on the conveyer belt.

Many methods are available for obtaining a sample

from a powder system. Unfortunately, many of these

methods involve setting the powder bed in motion or

performing in-process sampling. Because of concerns

about cross-contamination and containment of poten-

tially toxic materials, most of these methods are imprac-

tical for the bulk sampling required for compliance with

current Good Manufacturing Practices (cGMPs). Hence,

most of the sampling done in the pharmaceutical indus-

try is static sampling, done by either (1) scoop or grab

sampling or (2) stratified sampling, typically employing

a sampling thief. The choice of method is dictated by

the distribution of the attribute being sampled in the

container, as discussed below.

Change to read:

GENERAL SAMPLE

COLLECTION: CONSIDERATIONS AND TOOLS

Types of Systems and General Considerations

Homogeneous Systems—For powder systems

where the attribute of interest is uniformly distributed

throughout the container—so that any sample is a

true&an unbiased&1S (USP34) representation of the entire

container, lot, or population of interest—scoop sampling

is adequate. Scoop sampling is a straightforward proce-

dure in which the operator, after selecting representative

containers for sampling, opens a container, scoops out a

sufficient amount of material from the top of the powder

bed, and then seals the container. If a thin layer of mate-

rial on top of the powder bed is suspected of being dif-

ferent from the bulk, samples should be taken from a

point below this top layer. For example, in cases of elutri-

ation segregation, a thin layer of fine particles may lie on

top of the powder bed, and the operator should dig

down into the powder bed to avoid sampling from this

layer. The scoop should be large enough that no material

is lost during handling, because lost material may result

in sample bias. In other words, one should avoid the use

of a heaping scoop from which material can roll off the

sides. The advantages of scoop sampling are conve-
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nience and cost, and, for highly potent materials, low-

cost disposable scoops that can be used to minimize

cross-contamination.

Heterogeneous Systems—If the attribute of interest

is spatially distributed in a heterogeneous manner

throughout the sample, then scoop sampling is prone

to potentially significant errors. Scoop sampling is a

non-probabilistic method because only the most accessi-

ble fraction of the container is sampled. Obviously, only

the material in the top layer can be reached with a scoop.

For example, a sample from the top outer edge of the

drum shown in Figure 3 could be biased because, in this

example, the larger particles are preferentially distributed

toward the top and outer edges of the drum. Hence the

smaller particles have a lower probability of appearing in

the sample. As a result, the smaller particles will be under-

represented in the sample, and any analysis of particle

size will not reflect the true particle size distribution of

the original population.

For heterogeneous systems, the initial primary sample

is the most difficult to obtain. Use of a sampling thief,

sometimes called a grain probe or sampling spear, is

needed. The advantage of a sampling thief is that much

more of the powder bed is accessible because the sam-

pling thief can sample from different points in the pow-

der bed, thus helping to reduce sampling bias. Many

types of sampling thieves are available, including: (1)

the concentric sleeve with slotted compartments, (2)

the concentric sleeve with grooves, sometimes called

the open-handled probe, (3) the end sampler, and (4)

the core sampler. Each type has its own unique operating

procedures, as described below.

The concentric sleeve with slotted compartments is

probably the most popular type of sampling thief used

in the pharmaceutical industry. This type consists of

two concentric tubes or cylinders in which the inner tube

is divided into compartments. This design makes it pos-

sible to detect differences in the attribute of interest

across the depth of the container. To collect a sample,

the operator closes the compartments and inserts the

sampling thief into the powder bed with the collection

zone openings facing upward. The handle is turned to

open the sample zones, then the handle is moved up

and down with two quick short strokes to help fill the

compartments. The sampling thief is then closed and re-

moved from the powder bed. The operator should visu-

ally inspect the powder bed through its depth before

emptying the sampling thief. The powder from the indi-

vidual compartments can be combined on a clean sur-

face or in a collection container. In certain situations

the material from each compartment may be analyzed

separately, that is, without mixing.

In the concentric sleeve with grooves (open-handled

probe), the inner tube is not divided into compartments.

The probe is first inserted into the powder bed with the

groove open, the outer sleeve is rotated to close, and the

sampling thief is then withdrawn from the powder bed.

The probe’s contents are emptied from the handle end

by holding the probe upright and letting the sample slide

out from the handle, a method more convenient than

the one using the thief with slotted compartments. How-

ever, this type of thief makes it more difficult to perform

visual inspection to examine for material inconsistencies

according to depth.

An end sampler probe, often used to sample slurries,

has a single entry zone at the bottom of the sampling

thief. Frequently the end sampling zone is larger than

the rest of the sampling thief. This feature is a disadvan-

tage because the larger the probe, the more it perturbs

the powder bed, possibly resulting in the introduction of

sampling bias.

Core samplers have a hollow outer cylinder with a ta-

pered outer wall on the open end. This probe is inserted

into the powder bed, and the intrinsic cohesion of the
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particles keeps them from flowing out when the probe is

withdrawn. The contents of the cylinder are then emp-

tied into a clear container.

General Considerations—The most reliable and re-

producible results in powder size measurements are ob-

tained when the particle size ranges from 2 to 10 mm;

otherwise, the powder is too cohesive and does not flow

properly into the sampling thief. In addition, particles lar-

ger than about one-third the width of the slot give poor

results. Samples should be taken from several sites

throughout the container. The probe should be long e-

nough to penetrate at least three-quarters of the depth

of the powder bed, ensuring that material from all

depths can be captured in the sample. The choice of sites

should be dictated by an understanding (often subjec-

tive) of the powder bed’s degree of heterogeneity, which

may have been caused by handling or movement during

transport. Sampling plans can call for the insertion of the

probe either at random locations and random angles or

at predetermined locations and angles. For example, the

plan may call for the probe to be inserted at the center

and at two locations near the edges. Also, many opera-

tors recommend that probes always be inserted at a 108

angle from vertical, which increases the range of loca-

tions sampled.

Some of the disadvantages of sampling thieves include

the labor-intensive nature of the procedure. The probe

must be physically inserted into the powder bed, often

multiple times; the contents of the probe must be emp-

tied; and then the probe must be thoroughly cleaned.

For settled powder beds, the sampling probe can be dif-

ficult to insert. In addition, the sampling probe can intro-

duce errors as a result of the following: fine particles can

lodge between the inner and outer tubes; particles can

fracture; fines can compact and not flow well into the

sampling compartments; segregation can occur during

flow into the sampling zone; and the act of inserting

the probe can disrupt the powder bed by dragging pow-

der from the top layers of the bed down through the

bed.

Representative Lot Sampling

The number of samples should be of sufficient mass to

give the desired accuracy. &

&1S (USP34) Statistically-based

sampling plans are based on statistical principles and de-

pend on the population’s spatial heterogeneity and in-

trinsic variability. Statistically-based plans are efficient

and allow the collection of a sufficient number of samples

to yield the desired degree of certainty without collecting

too many or too few samples for the test method, scale,

product variation, risk requirements, and tolerance for a

stated product’s quality level or specification. For exam-

ple, the&The commonly used&1S (USP34)

p
N + 1 sampling

plan given in Table 1&is not a statistically based sampling

plan and&1S (USP34) may result in collection of too few sam-

ples for small populations and too many samples for

large populations. However, the primary advantage of

convenience sampling&such a nonstatistical sampling

plan&1S (USP34) is that sample size can be chosen with little

forethought or a priori&prior&1S (USP34) knowledge of the

population to be sampled.

The sample size selection scheme shown in Figure 4 can

be used to determine the sample size. The first choice is

whether to use a statistical or nonstatistical sampling

plan. Statistical plans are preferred when a variable attri-

bute like particle size or drug content is being deter-

mined. General sampling approaches are outlined in

USP general information chapter Analytical Data—Inter-

pretation and Treatment h1010i. Statistically based lot ac-

ceptance sampling plans require a valid rationale with

known quality levels for the determination of product

lot characteristics. As noted, the application of statistical

sampling plans, including lot acceptance sampling plans,

requires specific and thorough knowledge of the material
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being sampled. Reference statistical sampling plans state

the rationale for sampling as part of the sampling

scheme. Manufacturers who use a statistically-based lot

acceptance sampling method should refer to an appro-

priate standard such as ANSI/ASQ Z1.9-2003 for bulk

materials or ANSI/ASQ Z1.4-2003 for multiunit or dis-

crete populations. These standards are readily available

via sources such as the American Society for Quality

(http://www.asq.org/) or the American National Stan-

dards Institute (http://www.ansi.org/).

If one is developing a nonstatistical sampling plan for

which the quality level is not known, Table 1 gives sug-

gested sample sizes for the number of containers in the

lot that should be sampled.

The Level 1 sampling plan is relevant to materials when

heterogeneity does not affect the analysis and the cus-

tomer seeks to sample more than one container, when

the sampling plan can be proportional to the square root

of the number of containers received, and when the ma-

terial comes from a known and trusted source. In such

cases, the sample can be withdrawn from any point in

the container. For &adequately&1S (USP34) homogenous sys-

tems, scoop sampling from the top of the container is

suitable.

The Level 2 sampling plan involves a 50% increase in

sample size when compared with Level 1 and is used

when a larger proportion of the number of containers

is needed, for example, when a material’s heterogeneity

is suspected of being consequential and acceptance sam-

pling quality levels are not defined, or when the material

comes from a less trusted source. Depending on the ma-

terial’s degree of heterogeneity, a sampling thief may be

used. However, if the degree of heterogeneity will not

significantly affect the results for the attribute being sam-

pled, then scoop sampling from the top of the drum may

still be suitable.

Figure 4. Sample size selection scheme.
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Table 1 shows the number of containers, n, to be sam-

pled for a lot size N. Note that the value of n from the

formula is rounded at 0.5 up to the next higher integer.

For example, if N = 6: for Level 1, n =
p

6 + 1 = 3.45

rounds to n = 3; for Level 2, n = 1.5 6
p

6 = 3.67, which

rounds to n = 4.

Table 1

N (Population Size)

n (Sample Size)

Level 1 Level 2

N � 3 AII AII

N � 4
p

N +1 1.5 6
p

N

These initial decisions, as illustrated in Figure 4, are of-

ten difficult and sometimes must be made without suffi-

cient information. If there is uncertainty about which

method or level is appropriate, sometimes a quick,

small-scale informal test of the system may help deter-

mine the best way to proceed. In addition, for some sys-

tems and attributes, the Level 1 and Level 2 sampling

plans may result in oversampling. For example, when

one is sampling for identification from the same lot, the

suggested levels may result in collecting more samples

than are statistically needed; in such cases, the statisti-

cally-based sampling plans referenced in Figure 4 can

be used.

Sample Collection

Acquiring a representative sample from a lot of bulk

powder is a difficult procedure that requires special con-

sideration, and the basic procedures for acquiring a re-

presentative sample are discussed below. Note that

every situation requires techniques that are appropriate

for the given population to be sampled. The methods

presented here are applicable to the sampling of static

powders stored in midsize bulk containers such as 1-

ton super sacks, 50-kg drums, or 50-pound bags. These

methods are not necessarily applicable to the sampling

of liquids, large storage containers such as train cars or

silos, or in-process systems such as blenders or moving

conveyer belts. In addition, the procedures described

here are most applicable to particles in the size range

from approximately �1 mm to approximately �1000

mm. Significantly smaller or larger particles require special

procedures that are not covered here.

Change to read:

PRIMARY SAMPLE COLLECTION

Lot acceptance samples are generally transferred or de-

livered in containers. To collect a representative primary

or gross sample (see Figure 1), the appropriate container

or containers must first be selected from the population

of N containers; second, a representative sample must be

withdrawn from each of the selected containers.

Container Selection

To avoid bias and other sampling errors, the containers

to be sampled must be randomly selected. To make a

random selection, first number all containers in the lot,

then use a random number table (or computer-

generated random numbers) to choose from which con-

tainer or containers to withdraw the samples. (See Ap-

pendix 3 for an example showing the use of random

number tables.) &

&1S (USP34)

For systems in which containers are grouped together

in such a manner that many of the individual containers

are not practically accessible (e.g., 50-pound bags

stacked and bound in shrink wrap on a pallet), the sam-

pling plan may need to take into account the larger con-

tainer, in addition to the smaller container, as a sampling

unit, in order to ensure a representative sample.
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Withdrawing Sample from a Container

Container Types—The three most popular container

types are the bag, drum, and super sack. Because bags

are generally closed and not resealable, special sampling

thieves, sometimes called bag triers, have been designed

to puncture the bag. If the system to be sampled is het-

erogeneous, the samples should be obtained from the

bottom, center, and top of the bag; and, depending

on how the bags are stacked on the pallet, they should

also be sampled from the front and the back. When sam-

pling from bags, particular attention should be paid to

the corners, because they can disproportionately trap

fine particles. If no bag trier is available, use a knife to

cut open the bag for sampling. When sampling from a

bag, be sure to clean the external surface sufficiently that

the sample is not contaminated and foreign material is

not introduced into the bulk material. Once the sample

has been taken, place a compatible material over the

hole in the bag, then fix this patch with an appropriate

adhesive tape. Depending on the heterogeneity of the

drum, a scoop or a sampling thief is used. Super sacks

are large sack containers that usually have a fill spout

on the top and a discharge spout on the bottom. For

&adequately&1S (USP34) homogeneous material, scoop sam-

pling is appropriate; but if there is any concern about the

heterogeneity of the material, a thief should be used. The

large size of super sacks makes the use of a thief more im-

portant for representative sampling than in the case of a

drum or bag, in order to limit potential delimitation error.

Sample Handling

The samples collected can be either assayed individual-

ly or combined; then a subset of the gross sample can be

assayed, as depicted in Figure 1 and described below.

Sample increments should be combined on a clean,

dry surface or in a suitable container or bag. All con-

tainers with which the sample comes into contact should

be inert and should not chemically or physically react

with the sample. In addition, samples should be ac-

curately labeled and good records kept. A portion should

be kept for possible future analysis.

Change to read:

PRIMARY SAMPLE SIZE REDUCTION

As mentioned above, the primary sample typically con-

sists of multiple samples taken from containers and

mixed together. To obtain an analysis or measurement

sample (Figure 1), the gross or primary sample must be

reduced to a size appropriate for the analytical method.

Gross or primary sample size reduction is an often over-

looked aspect of a sampling plan, but it is an important

step. The factors that cause segregation in a container

can also cause segregation in the primary sample, and

any bias in the size reduction method for the primary

sample will lead to erroneous results. The advantage of

secondary samples is that the mass has been reduced

to a point at which it is much easer to obtain a represen-

tative unbiased&

&1S (USP34) sample because every element

in the powder bed is readily accessible. Such accessibility

makes it easier to adhere to sampling best practices. Gen-

erally speaking, sample measurement takes place under

either wet or dry conditions; the choice is dictated by the

requirements of the analytical method. For example, the

Coulter counter requires that samples be uniformly sus-

pended in an electrolyte, but other methods, like sieving,

are typically performed with dry powders.

Before dividing an agglomerated sample, the agglom-

erates should be broken apart by a suitable technique

such as sieving.

Pharmacopeial Forum
Vol. 36(3) [May–June 2010] IN-PROCESS REVISION 771

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Dry Analysis Methods

Many laboratory devices are available for the reduction

of the primary sample to an analytical sample. The three

most important methods used in the pharmaceutical in-

dustry are: (1) scoop sampling, (2) cone and quartering,

and (3) the spinning riffler or rotary sample divider (man-

ual method of fractional shoveling); see Figure 5.

Figure 5. Two procedures for dividing samples. Top:

spinning riffler, in which a circular holder rotates at a

constant speed, and the sample is loaded at a constant

rate into the containers via a vibratory chute, which is fed

by a mass-flow hopper. Bottom: cone and quartering.

(Cone, left, is flattened and quartered; quarters can be

formed into cones and further subdivided.)

Scoop Sampling—Scoop sampling is done as previ-

ously described, but generally with a smaller scoop or

spatula. Great care must be taken when removing mate-

rial from the primary sample, because this material could

be highly segregated as a result of handling. Scoop sam-

pling is appropriate for homogeneous or cohesive pow-

ders. However, if the powder is prone to segregation,

scoop sampling can introduce significant errors. More-

over, scoop sampling has several serious disadvantages.

First, the method depends on the operator’s deciding

from which part of the primary sample to scoop the ma-

terial and what quantity of the sample to extract, features

that can introduce operator bias. Second, in scoop sam-

pling, operators have a natural tendency to withdraw the

sample from the free surface, which is highly prone to

segregation and is not representative of the bulk. Third,

operators need to avoid creating a heap where rolling

segregation can occur, because material could fall off

the edges of the spatula or scoop and bias the sample.

Ideally, the operator should make some attempt to mix

the primary sample before using the scoop, but this

too can exacerbate segregation problems and should

be done only with great caution.

Cone and Quartering—Cone and quartering is done

by pouring the primary sample into a symmetric cone on

a flat surface. The cone is then flattened by a flat surface

such as a spatula and is divided into four identical quar-

ters (Figure 5). One quarter is taken as the sample. This

procedure can be repeated (e.g., quarter-samples can

be subdivided into quarters) until the desired sample size

is obtained. The theory of this method is that when a

symmetric cone is created, all the segregation processes

also occur symmetrically around the cone, and hence

symmetry is used to mitigate the effect of segregation.

In practice, it is very difficult to actually make a symmetric

powder cone, and the method becomes very operator-

dependent and often unreliable. Differences in how op-

erators form the heap and subdivide it can lead to a lack

of precision and significant errors. In addition, if the

method is done more than once, errors can propagate

each time the cone and quartering is performed. Some

experts do not recommend this method.

Spinning Riffler—A spinning riffler (Figure 5) in-

cludes a series of containers mounted on a circular hold-

er. The circular holder rotates at a constant speed, and

the sample is loaded at a constant rate into the con-

tainers via a vibratory chute, which is fed by a mass-flow

hopper. Once the material has been divided among the

different holders, an individual holder can be removed

for testing or further sample division. The angular veloc-

ity of the circular holders and the amplitude of the vibra-

Pharmacopeial Forum
772 IN-PROCESS REVISION Vol. 36(3) [May–June 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



tory feeder can be controlled to accommodate powders

with different flow properties. The holder velocity and

feed rate should be adjusted so that the containers fill

uniformly and so that a heap does not form on the vibra-

tory feeder. Spinning rifflers are available in different siz-

es, making possible subdivisions of powders ranging

from a few milligrams to hundreds of grams. The only

drawbacks of the spinning riffler are the time required

to process the sample, &clean the device,&1S (USP34) and

the capital expense. Despite these minor disadvantages,

the spinning riffler is by far the best method for subdivi-

sion of free-flowing powders.

Fractional shoveling is the manual version of the spin-

ning riffler. In this method, scoop samples are taken from

the original sample and placed into a sufficient number

of aliquots, and then subsequent scoops are taken from

the original sample and placed into one of the aliquots in

sequential order. This process is repeated until the origi-

nal samples are gone. Then one of the aliquots is ran-

domly taken as the reduced sample. As is the case with

all manual methods, operator error and variability can

be significant factors.

Wet Analysis Methods

Wet analysis methods require dispersing the sample in

a liquid suitable for analysis and then withdrawing an al-

iquot using a syringe or pipet. Effective secondary sam-

pling requires making a stable homogenous suspension

(i.e., the sample must be stable from the time of forma-

tion of a suspension to the time when the analysis is com-

plete). Some important factors in wet analysis are sample

solubility in the dispersion vehicle, aggregation of sam-

ple, the use of suspending agents, and deaggregation

of primary particles in the dispersion vehicle. Even

though a uniform suspension is created, the sample

should be homogenized, typically by shaking, immedi-

ately before withdrawing the sample with a syringe or pi-

pet. The diameter of the syringe or pipet should be large

enough so that particles are not excluded and clogging

does not occur. The diameters of the largest particles

should not exceed 40% of the syringe or pipet tip diam-

eter. If for practical reasons the amount of material from

the primary sample is too large, the sample size should

be reduced before a suspension is made. To reduce the

sample size, use the methods described above in the

Dry Analysis Methods section. As a precaution, collect

and retain enough sample to repeat all tests a minimum

of five times.

Change to read:

APPENDIX 1: SUBSAMPLING EXAMPLES

The examples provided below describe the importance

of material particle characterization during the selection

of an appropriate sample mass. Four examples are pre-

sented. In the first example, similarity in the fundamental

or intrinsic material characteristics is assumed. In the sec-

ond example, the density of the heavy metal analyte be-

ing measured is changed. In the third example, the effect

of changing the particle size is evaluated. In the fourth

example, the adequacy of the fundamental particle char-

acteristics in a formulation needed for a given unit dose

or mass is evaluated.

Example 1. Sample Mass Determination

Assuming the lot size is 1 kg, the maximum particle di-

ameter is 1000 mm, and the concentration of the analyte

is expected to be 1%, what sample mass of round, equal-

sized and -shaped 1000-mm particles with a density of

1 g/cm3 would be needed to estimate the average con-

centration of the analyte with a percent relative standard

deviation (%RSD) of 5%?

Rearranging equation 3, one can estimate the sample

mass as shown in equation 5:
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The compositional maximum heterogeneity (cmax) can

be estimated by considering the analyte and matrix den-

sity (la and lm, respectively, &and their average

l&1S (USP34)) and analyte concentration (aL) (equation 6):

&

&1S (USP34)

For low analyte concentrations, the compositional

maximum heterogeneity is simplified to equation 7:

For high analyte concentrations, the compositional

maximum heterogeneity is simplified to equation 8:

The shape factor is approximated by equation 9:

&Where d is the nominal particle diameter&1S (USP34) for a

sphere, the shape factor is [(4/3)p/8], or approximately

0.5.

The granulometric factor can be approximated by the

typical minimum diameter noted as the 5th percentile

size, divided by the typical maximum diameter noted

as the 95th percentile size, as shown in equation 10:

Because all particles are the same size, the granulo-

metric factor, (gCF), is 1.0. Because the analyte exists in

a state liberated from the matrix particles, the liberation

factor is also 1.0. The sample mass for a 5% RSD (using

equation 5) is then:

&

&1S (USP34)

A sample mass of 19.6 g will provide a sampling error

of approximately 5% RSD. Note that in this example the

particle characteristics are simplified to demonstrate that
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a lot mass of 1000 g contains 26106 particles of 0.5 mg

mass. The sample mass of 19.6 g contains approximately

39,216 particles, yielding a 5% RSD, using the binomial

distribution where p is the concentration of the analyte

(aL) and n is the number of particles sampled, as shown

in equation 11.

(See Table 2 for a summary of calculations.)

In determining the required sample mass, it is assumed

that the sample is representative of the population.

Moreover, when using a single representative sample, it

is assumed that the uniformity of the sample mass is con-

sistent with the remaining population. Note that the

granulometric and liberation factors allow proportional

adjustment of the sample size, depending on the nature

of the particles. The inclusion of a liberation factor in the

equation allows for particles to exist with a proportion of

the analyte residing within every particle or a proportion

thereof. The granulometric factor permits adjustment of

the sample mass by accounting for the relationship in

size between the smallest and largest particles repre-

sented in the lot.

This approximation also can be applied to liquid sus-

pensions in which each particle is considered discrete

and the sample can be characterized with respect to size,

density, mass, and volume.

Example 2. Heavy Metal

In this example, it is assumed that the analyte is the

heavy metal lead, with a density of 11.34 g/cm3, with a

limit of not more than 50&5&1S (USP34) ppm, where the

shapes of the particles are cubes (fshape = 1.0), the particles

are approximately mm, and a 5-g sample is taken from

screened material (gCF = 0.55). On the basis of equation

3, the %RSD is 17.7%. Using equation 5, one finds that a

sample mass of approximately 60 g is needed to achieve

a 5% RSD, assuming that aL is equal to the limit allowed

and that the analyte cannot be assumed to be liberated

from the material (l = 1.0). (See Table 3 for a summary of

calculations.)

Table 2. Summary of Calculations for Example 1, Equal-Sized and -Shaped Particles

mLot (g) d (cm) fshape gCF cmax aL l a(g/cm3) l ms (g)

1000 0.1 0.5 1 100.0 0.01 1 1 19.6

Mass per Particle Ps

d3fshapela

Particles in 19.6 g

ms/(Ps/gCF)

Binomial RSD

p = a(L) = 0.01

n = 32,916&39,216&1S (USP34)

(Eq. 11)

0.005 39,216 0.05

Pharmacopeial Forum
Vol. 36(3) [May–June 2010] IN-PROCESS REVISION 775

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Table 3. Summary of Calculations for Example 2, Heavy Metal

mLot (g) d (cm) fshape gCF cmax aL la (g/cm3) l mS (g)

1000 0.005 1.0 0.55 2.36106 5610–6 11.34 1.0 58.71

Mass per Particle Ps

d3fshapela

Particles in 58.7 g

ms/(Ps/gCF)

Binomial RSD

p = aL = 5 6 10–6

n = 75,303,331

0.0000014175 75,303,331 0.0515&

&1S (USP34)

If the sample were assumed to be homogeneous (l =

0.1) with respect to presence of the analyte with all par-

ticles, then a sample mass of 6.2 g would be required.

Moreover, if the shape of the particles were between

round and cubic (fshape = 0.8), then a sample mass of

5 g would be required to complete the analysis.

Example 3. Subsampling

Correct sampling, as noted earlier, is fundamental to

understanding the important role of subsampling. In

many instances it is desirable to reduce the sample size

in a manner that results in a representative sample and

lessens the need to test a large sample mass. In some cas-

es the particle size and compositional heterogeneity can

result in an unwieldy sample mass. This may occur with

larger-sized particles or when a composite sample of

many containers is required. Samples with larger-sized

particles may need to be physically reduced.

For example, using Example 2 above, if the maximum

particle size were 1000 mm or 1 mm, then a 997-g sam-

ple would be suggested by equation 3. Reducing the par-

ticle size by grinding and subsampling to achieve a

predetermined sampling %RSD may require subsam-

pling more than once to achieve the desired particle size.

For example, the entire sample may be reduced to 100

mm to reduce the %RSD to approximately 3%; then, with

correct sampling, a subsample could be selected and en-

tirely reduced to 50 mm to achieve a 5% RSD. Finally, a 5-

g subsample could be correctly taken and tested. If cer-

tain particles have a large size with high concentration of

the analyte, then samples should be selected to ensure

that at least 1, but preferably at least 5–6, particles would

be selected with 95% probability or chance of selection.

Example 4. Minimum Unit Dosage Mass

A formulator would like to know the minimum mass re-

quired for a dosage form to ensure with 95% confidence

a unit dosage of 1% active drug powder. The drug and

the excipient have a similar round shape (fshape = 0.5) and

a density of 0.33 g/cm3. The active drug is milled to 1

mm, but the size of excipients can be as large as 200

mm. The value for gCF is taken from equation 10 using

the expected range of the excipient that accounts for

99%&95%&1S (USP34) of the formulation, as 10 mm/200

mm, or gCF = 0.05. The quantity cmax from equation 7 is

taken as 0.33/0.01. The drug particles are completely lib-

erated from the excipient. The batch size is 100 kg.
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Table 4. Summary of Calculations for Example 4, Minimum Unit Dose Mass

mLot (g) d (cm) fshape gCF cmax aL la (g/cm3) l mS (g)

105 0.02 0.5 0.05 33 0.01 0.33 1.0 0.00264

Mass per Particle Ps

d3fshapela

Number of Particles in 2.64 mg

ms/(Ps/gCF)

Binomial RSD

n=40,000; p=aL=0.01

0.000001326 40,000 0.0497&

&1S (USP34)

A minimum sample mass of approximately 3 mg is

needed to ensure with 95% confidence (2 RSDs) that

the average drug content is 0.9%–1.1%. The proposed

dosage form has an active concentration of 100 mm/10

mg total unit mass. The unit dosage form mass is ade-

quate, but the formulation requires that the mixing pro-

cess, unit dosage production, bulk sampling device, and

lab sample preparation or subsampling from bulk sam-

ples result in equal probability of selection of drug parti-

cles. Only if these conditions for mixing, production,

sampling, and testing are met can it be reliably demon-

strated that the unit dosage and test determination ac-

ceptance criteria of 1% (0.01 mg/mg) are met.

Acceptable outcomes of such testing also indicate that

the particle size, shape, and density must be controlled.

For example, an increase in the sizes of particles to 500

mm results in a need for a 42-mg sample mass and dose.

Assuming a cubic, as opposed to a rounded, particle in-

creases the sample mass to 5 mg, which for a fixed dos-

age form mass may result in less room for the variation

contributed by other characteristics, or in lesser confi-

dence. If the acceptance criteria were changed to

0.95% –1.05%, requiring a 1% RSD, then the minimum

sample mass would increase to approximately 70 mg.

(See Table 4 for a summary of calculations.)

Change to read:

APPENDIX 2: MATERIAL CHARACTERIZATION

AND SAMPLING

Specific and thorough knowledge of the material’s syn-

thesis, composition, and usage is critical to developing a

bulk material sampling plan. Material characterization is

important because bulk material can exist in many forms

throughout the material process flow. As illustrated in Fig-

ure 6, the type of sampling can vary by process step and

ultimately affects the use of the material in the drug pro-

duct. Appropriate material characterization considers the

material process step, the type of sampling, the objective

of the process step, and ultimately the drug product.

Figure 6. Material process flow.
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For example, material can be synthesized or mixed in a

large container where sampling may be limited or ideal

for the characteristic needed. If the characteristic is im-

portant but the sampling conditions are not ideal, per-

haps because of the heterogeneity of a powder

mixture, then sampling for that characteristic may be

more appropriately performed at a different stage up-

stream or downstream to assess the heterogeneity of

the contents and ensure correct sampling. Correct sam-

pling is the technique that results in equal probability of

selection, using truly random representative samples to

accurately measure the population. This is sometimes re-

ferred to as reducing the sampling dimension to measure

material characteristics. Reducing the sampling dimen-

sion allows for the application of simple random sam-

pling of subgroups or sampling from a stream or

conveyer belt that represents the three-dimensional bulk

container.&This is sometimes performed to reduce the

sampling dimension. The sampling dimension is reduced

when the 3 dimensional bulk container space is sampled

in a 1 or 2 dimensional stream sampled over time. Redu-

cing the spatial sampling dimension may result in condi-

tions that will allow for more accurate measurement of

the heterogeneity of material while limiting sampling er-

ror through correct sampling.&1S (USP34)

Acceptance attributes (see Table 5) depend on material

characterization and process. Acceptance attributes may

be applicable throughout the life of the bulk material.

Both the number and size of samples require an under-

standing of the material’s variation.

Table 5. Examples of Acceptance Attributes

Acceptance Attributes

Physical Chemical

Micro

biological Packaging

Particle

size

Viscosity

Density

Purity

pH

Identity

Strength

Sterility

Pyrogens

Microbial

load

Label

accuracy

Integrity

Delete the following:

&APPENDIX 3: RANDOM NUMBER TABLES

1. Number all containers in the lot to be sampled.

2. Choose the random number table page, or generate

the random numbers.

3. Choose a direction to read—up, down, right, or left.

4. To get a starting point, close your eyes and choose a

point on the table.

5. Read numbers from the table in that predetermined

direction. If the digits that you selected are between

01 and N, then this is the first sample element. If not,

keep going in the preset direction until you find a

suitable number.

6. Continue to move in the preset direction until you

find the next number between 01 and N. That is

the second element. Continue in this manner until

you have enough samples. See Table 6 for an exam-

ple.
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Table 6. Random Number Table

Na = 500

nb= 50

N = 100

n = 10

6977 6977

8377 8377  Sampling without

replacement

3034 3034

9903 9903

6955 6955

5483 5483

5733 5733

0126 0126

4329 4329

3776 3776

etc. etc.

Containers to be sam-

pled:

Containers to be sampled:

377, 34, 483, 126, 329,

...

77, 34, 3, 55, 83, 33, 26, 29,

76, ...

a N = population size.
b n = sample size.

&1S (USP34)

Change to read:

APPENDIX 4&APPENDIX 3&1S (USP34) ADDITIONAL
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REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

Butyl Alcohol, Secondary, USP 32 page 811. It is
proposed to correct the specifications for this reagent.

(HDQ: M. Marques) RTS—C87705

Change to read:

B u t y l A l c o h o l , S e c o n d a r y ( 2 - B u t a n o l ) ,
CH3CH2CH(OH)CH3—74.12 [78-92-2]—Use ACS reagent
grade Isobutyl Alcohol.

&—Use a suitable grade with a content of NLT

99%.&1S (USP34)

BRIEFING

Canola Oil. It is proposed to add this new reagent used in
the test for Sterol Composition in USP general chapter Fats and
Fixed Oils h401i.

(HDQ: M. Marques) RTS—C87753

Add the following:

&Canola Oil [120962-03-0]—Use a suitable

grade.&1S (USP34)

BRIEFING

Di(ethylene glycol) Methyl Ether. It is proposed to add
this new reagent used in the Assay in the monograph for
Methylsulfonylmethane.

(HDQ: M. Marques) RTS—C87706

Add the following:

&Di(ethylene glycol) Methyl Ether (2-(2-

Methoxyethoxy)ethanol; Methyldiglycol), C5H12O3—

120.15 [111-77-3]—Use a suitable grade.&1S (USP34)

BRIEFING

Epiandrosterone, USP 32 page 823. It is proposed to
update the specifications for this reagent.

(HDQ: M. Marques) RTS—C88095

Change to read:

Epiandrosterone

& ( t rans-Andros te rone , 5a -Androstan-3b -o l -17-

one),&1S (USP34)

C19H30O2—290.44 [481-29-8]—White, crystalline powder.
Assay—When tested by thin-layer chromatography (see

Chromatography h621i) with the use of plates coated with
chromatographic silica gel mixture and a developing system
consisting of a mixture of toluene and ethanol (9 : 1),
examined under short-wavelength UV light, a single spot is
exhibited, with trace impurities.

Melting range h741i: between 1728 and 1778.

&Use a suitable grade. [Note—A suitable grade is

available as catalog number E3375 from www.sigma-

aldrich.com.]&1S (USP34)

#2010 The United States Pharmacopeial Convention All Rights Reserved.
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BRIEFING

Lanthanum Nitrate Hexahydrate. It is proposed to add
this new reagent used to prepare Lanthanum Nitrate TS.

(HDQ: M. Marques) RTS—C88094

Add the following:

& L a n t h a n u m N i t r a t e H e x a h y d r a t e ,

La(NO3)3 �6H2O—433.01 [10277-43-7]—Use a suit-

able grade with a content of NLT 99.9%.&1S (USP34)

BRIEFING

Sodium Bisulfite, USP 32 page 847. It is proposed to
correct the specifications for this reagent.

(HDQ: M. Marques) RTS—C87707

Change to read:

Sodium Bisulfite, [7631-90-5]

&and [7681-57-4]&1S (USP34)
—Use ACS reagent grade Sodium Metabisulfite.

&—This reagent is usually a mixture of sodium bisulfite

and sodium metabisulfite. Use ACS reagent grade

Sodium Bisulfite.&1S (USP34)

BRIEFING

Sunflower Oil. It is proposed to add this new reagent used
in the test for Sterol Composition in USP general chapter Fats
and Fixed Oils h401i.

(HDQ: M. Marques) RTS—C87752

Add the following:

&Sunflower Oil [8001-21-6]—Use a suitable

grade.&1S (USP34)

Test Solutions

BRIEFING

Ammonium Carbonate TS 2. It is proposed to add this
new test solution used in the identification test for Sodium in
the general test chapter Identification Tests—General h191i.

(HDQ: M. Marques.) RTS—C88297

Add the following:

&Ammonium Carbonate TS 2—Prepare a 158 mg/

mL solution of ammonium carbonate in water.&1S (USP34)

BRIEFING

Methoxyphenylacetic TS. It is proposed to add this new
test solution used in the identification test for Sodium in the
general chapter Identification Tests—General h191i.

(HDQ: M. Marques.) RTS—C88297

Add the following:

&Methoxyphenylacetic TS—Dissolve 2.7 g of meth-

oxyphenylacetic acid in 6 mL of Tetramethylammonium

Hydroxide TS, and add 20 mL of dehydrated alcohol.

Store in a polyethylene container.&1S (USP34)

BRIEFING

Potassium Hydroxide TS 2, Alcoholic. It is proposed to
add this new test solution used in the test for Sterol Composition
in the general chapter Fats and Fixed Oils h401i.

(HDQ: M. Marques.) RTS—C87754

Add the following:

&Potassium Hydroxide TS 2, Alcoholic—Dissolve

130 g of potassium hydroxide, with cooling, in 200 mL

of water. Add alcohol to 1000 mL. Store in a well-

stoppered dark glass bottle.&1S (USP34)
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BRIEFING

Potassium Pyroantimonate TS, USP 32 page 868 and
page 4010 of the First Supplement to USP 32–NF 28. It is
proposed to clarify how to prepare this test solution.

(HDQ: M. Marques.) RTS—C88090

Change to read:

Potassium Pyroantimonate TS—Dissolve 2 g of potassium
pyroantimonate in 85 mL of hot water. Cool quickly, and add a
solution containing 2.5 g of potassium hydroxide in 50 mL of
water

&50 mL of a solution containing 50 mg/mL of potassium

hydroxide in water&1S (USP34)

and 1 mL of sodium hydroxide solution (8.5 in 100). Allow to
stand for 24 hours, filter, and dilute with water to 150 mL.

BRIEFING

Sodium Hydroxide TS 3. It is proposed to add this new
test solution used in the identification test for Zinc in the
general chapter Identification Tests—General h191i.

(HDQ: M. Marques.) RTS—C88297

Add the following:

&Sodium Hydroxide TS 3—Prepare a 420 mg/mL

solution of sodium hydroxide in water.&1S (USP34)
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REFERENCE TABLES

BRIEFING

Container Specifications for Capsules and Tablets,
USP 32 page 881, page 4186 of the Second Supplement, and
page 576 of PF 36(2) [Mar.–Apr. 2010].

(HDQ) RTS—C55184; C85405; C77396; C74955;
C66969; C79491; C73230; C61741; C67684; C65483;
C72912; C74655; C86543

The following table is provided as a reminder for the pharma-
cist engaged in the typical dispensing situation who already is
acquainted with the Packaging and Storage requirements set
forth in the individual monographs. It lists the capsules and tab-
lets that are official in the United States Pharmacopeia and indi-
cates the relevant tight (T), well-closed (W), and light-resistant
(LR) specifications applicable to containers in which the drug
that is repackaged should be dispensed.

This table is not intended to replace, nor should it be inter-
preted as replacing, the definitive requirements stated in the in-
dividual monographs.

Container Specifications for Capsules and Tablets

Monograph Title

Container

Specification

Add the following:

&Abacavir Tablets W&1S (USP34)

Add the following:

~

Acetaminophen and Tramadol

Hydrochloride Tablets T~USP33

Add the following:

&Alprazolam Tablets, Extended-

Release T, LR&1S (USP34)

Add the following:

~

Amlodipine Besylate Tablets T, LR~USP33

Add the following:

&Artemether and Lumefantrine

Tablets W, LR&1S (USP34)

Add the following:

~Balsalazide Disodium Capsules T~USP34

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title

Container

Specification

Add the following:

~

Carbidopa and Levodopa Tablets,

Extended-Release W, LR~USP34

Add the following:

~

Cephalexin Tablets for Oral

Suspension T~USP34

Add the following:

&Cetirizine Hydrochloride Tablets W&1S (USP34)

Add the following:

~

Cetirizine Hydrochloride and

Pseudoephedrine Hydrochloride

Extended-Release Tablets W~USP34

Add the following:

~

Crypthecodinium cohnii Oil Capsules T, LR~USP34

Add the following:

&Divalproex Sodium Capsules,

Delayed-Release T, LR&1S (USP34)

Add the following:

&Divalproex Sodium Tablets,

Extended-Release W&1S (USP34)

Add the following:

&Donepezil Hydrochloride Tablets W&1S (USP34)

Add the following:

&Donepezil Hydrochloride Orally

Disintegrating Tablets W&1S (USP34)

Add the following:

&Efavirenz Capsules
W&1S (USP34)

Add the following:

&Entacapone Tablets LR&1S (USP34)

Add the following:

&Hydrochlorothiazide Capsules W&1S (USP34)
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title

Container

Specification

Add the following:

~

Ketoprofen Capsules, Extended-

Release T~USP33

Add the following:

&Lamivudine and Zidovudine Tablets W, LR&1S (USP33)

Add the following:

~Lamotrigine Tablets W~USP34

Add the following:

~

Levetiracetam Tablets T~USP34

Add the following:

~

Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR~USP34

Add the following:

~

Loratadine Orally Disintegrating

Tablets T~USP34

Add the following:

~Losartan Potassium and

Hydrochlorothiazide Tablets T, LR~USP33

Add the following:

&Mefloquine Hydrochloride Tablets T, LR&1S (USP34)

Add the following:

&Midodrine Hydrochloride Tablets
W&1S (USP34)

Add the following:

~

Morphine Sulfate Tablets, Extended-

Release T, LR~USP34

Add the following:

&Mycophenolate Mofetil Capsules W, LR&2S (USP33)

Add the following:

&Mycophenolate Mofetil Tablets W, LR&2S (USP33)

Add the following:

&Nateglinide Tablets T&1S (USP33)

Change to read:

Nitrofurantoin Capsules T
~

~USP33

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title

Container

Specification

Add the following:

&Olanzapine Tablets T, LR&1S (USP33)

Add the following:

&Olanzapine and Fluoxetine Capsules T&1S (USP34)

Add the following:

~

Orlistat Capsules T~USP34

Add the following:

~

Oseltamivir Phosphate Capsules W~USP33

Add the following:

~

Oxcarbazepine Tablets W~USP34

Delete the following:

~

Paramethasone Acetate Tablets W~USP34

Delete the following:

&Pentobarbital Sodium Capsules T&1S (USP34)

Add the following:

~

Pioglitazone Tablets T~USP34

Add the following:

&Ramipril Capsules W&2S (USP33)

Add the following:

~

Ribavirin Capsules W~USP34

Add the following:

&Riluzole Tablets W, LR&2S (USP33)

Add the following:

~

Rivastigmine Tartrate Capsules T~USP34

Add the following:

&Ropinirole Tablets W&1S (USP34)

Add the following:

~

Schizochytrium Oil Capsules T, LR~USP34

Add the following:

~

Sertraline Tablets
W~USP34

Add the following:

&Sumatriptan Tablets
W&2S (USP33)
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title

Container

Specification

Add the following:

~

Tacrolimus Capsules T~USP34

Add the following:

&Telmisartan Tablets W&1S (USP33)

Add the following:

~

Telmisartan and Hydrochlorothia-

zide Tablets W~USP34

Add the following:

~

Terazosin Capsules W, LR~USP34

Add the following:

~

Terazosin Tablets W, LR~USP34

Add the following:

~

Terbinafine Tablets W, LR~USP34

Add the following:

&Ticlopidine Hydrochloride Tablets W&1S (USP33)

Add the following:

~Topiramate Tablets T~USP33

Add the following:

~

Tramadol Hydrochloride Tablets T~USP33

Add the following:

&Tranylcypromine Tablets W&1S (USP34)

Add the following:

~

Valacyclovir Tablets T~USP34

Add the following:

~

Venlafaxine Tablets W~USP34

Add the following:

&Zinc Gluconate Tablets T, LR&1S (USP33)

Add the following:

&Zolpidem Tartrate Tablets W&2S (USP33)

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title

Container

Specification

Add the following:

&Zolpidem Tartrate Extended-Release

Tablets W&1S (USP33)

Add the following:

&Zonisamide Capsules T&1S (USP34)

BRIEFING

Description and Relative Solubility of USP and NF Ar-
ticles, USP 32 page 890, page 4186 of the Second Supplement,
page 266 of PF 29(1) [Jan.–Feb. 2003], page 1046 of PF 34(4)
[July.–Aug. 2008], page 188 of PF 35(1) [Jan.–Feb. 2009], page
464 of PF 35(2) [Mar.–Apr. 2009], page 993 of PF 35(4) [July.–
Aug. 2009], page 1343 of PF 35(5) [Sept.–Oct. 2009], page
1571 of PF 35(6) [Nov.–Dec. 2009], page 271 of PF 36(1)
[Jan.–Feb. 2010], and page 578 of PF 36(2) [Mar.–Apr. 2010].

(HDQ) RTS—C53624; C84813; C74954; C85265;
C74212; C71538

Add the following:

&Abacavir Sulfate: White to off-white powder. Sol-

uble in water, in ethyl acetate, in absolute alcohol, and in

methanol.&1S (USP34)

Change to read:

Cefdinir: White to light-yellow crystalline powder. Soluble
in 0.1 M phosphate buffer (pH 7) solution;

&Sparingly soluble in 0.1 M phosphate buffer (pH 7) so-

lution;&1S (USP34)

practically insoluble in water, in alcohol, and in diethyl ether.
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Add the following:

&Efavirenz: White to slightly-pink crystalline

powder. Soluble in methanol; practically insoluble in

water.&1S (USP34)

Add the following:

&Escitalopram Oxalate: Fine, white to slightly-

yellow powder. Freely soluble in methanol and in dimeth-

yl sulfoxide; sparingly soluble in water and in alcohol;

very slightly soluble in ethyl acetate and in isopropyl

alcohol; insoluble in heptane.&1S (USP34)

Add the following:

&Lopinavir: White powder. Freely soluble in metha-

nol and in alcohol; soluble in isopropanol; practically in-

soluble in water.&1S (USP34)

Add the following:

&Pramipexole Dihydrochloride: White to almost

white crystalline powder. Freely soluble in water; soluble

in methanol; slightly soluble in alcohol; practically insol-

uble in methylene chloride.&1S (USP34)
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Pending Proposals
(Items from earlier numbers of PF that have not yet been adopted and become official)

In order for an item to be adopted into the USP–NF and become officially binding, it must first be proposed and pub-
lished in the Pharmacopeial Forum (PF) to allow the public an opportunity to review and comment upon it. When an
item is adopted, it is published in the USP–NF, its Supplements, an IRA, or a Revision Bulletin. Those items that have not
yet been adopted are marked as Pending Proposals.

The Pending Proposals list contains these items separated into the following categories: General Notices and Require-
ments; USP Monographs; Dietary Supplements Monographs; General Chapters; Reagents, Indicators, and Solutions;
Reference Tables; Excipients; and NF Monographs. Each entry in the Pending Proposals list contains the monograph title
and the citation of the most recent publication of the monograph. Reprints of PF proposals may be purchased from
USP by sending a written request for information to custsvc@usp.org.

To check the status of a Pending Proposal, please contact USP as directed below.

� The briefing accompanying the monograph or general chapter lists the names of the Scientific Liaisons responsible
for the proposed revisions. The contact information (phone number and email) for the Scientific Liaison is available
in the Staff Directory section of How to Use PF. For USP–NF Online subscribers, the name and contact information for
the assigned Scientific Liaison is available in the Auxiliary Information portion of each monograph.

� Call USP at 301-816-8344 and ask to speak with the Scientific Liaison assigned to the monograph or general chap-
ter of interest.

� Submit questions by email to stdsmonographs@usp.org. Please indicate the name of the monograph or general
chapter in the subject line of the email.

Following these lists the reader will find the Canceled Proposals list. These are items that were published in PF and were
pending, but have since been canceled. This list contains cumulative entries for the six issues per volume of PF [i.e.,
36(1) through 36(6)]. Note that canceled proposals may be republished in PF to be considered for future adoption into
the USP–NF.

PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

General Notices—Official Status and Legal Recognition,
Conformance to Standards, Monographs and
General Chapters, Monograph Components,
Test Results

36 1 56

USP Monographs
Acetaminophen and Tramadol Hydrochloride Tablets (new) 35 1 56
Acetylcysteine—USP Reference standards, Assay 31 3 726
Acitretin—Assay, Heavy Metals 35 5 1102
Medical Air—Identification (add); Assay;

Inorganic Impurities—Carbon Dioxide, Carbon Monoxide,
Sulfur Dioxide, Limit of Nitric Acid and Nitrogen Dioxide;
Packaging and Storage; Labeling

35 4 828

Albumin Human—Definition, Packaging and storage,
Expiration date, Labeling, USP Reference standards (add),
Identification A, B (add), Bacterial endotoxins (add),
Safety (add), Sterility (add), pH (add), Molecular size
distribution (add), Heat stability (add), Incubation (add),
Prekallikrein activator (add), Protein content (add), Heme
content (add), Potassium content (add), Sodium content (add)

31 5 1338

Albuterol Tablets—Assay 31 3 726
Alendronate Sodium Tablets—Dissolution 35 1 59
Alprazolam Tablets—Assay 33 1 41
Alumina, Magnesia, and Calcium Carbonate Chewable Tablets

(new)
29 6 1836

Amifostine—Assay, Organic Impurities 36 1 62
Amifostine for Injection—Assay, Organic Impurities—

Procedure (delete), Procedure 1 (add),
Procedure 2 (add)

36 1 63

Amiodarone Hydrochloride (new) 34 6 1429
Amlodipine Besylate Tablets (new) 36 2 376
Amoxicillin—Assay, Organic Impurities (add),

Sterility Tests, USP Reference Standards
36 1 66

In
-P

ro
ce

ss
R

ev
is

io
n

Pharmacopeial Forum
788 IN-PROCESS REVISION Vol. 36(3) [May–June 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Amphetamine Sulfate—Definition, Assay,
Organic Impurities

36 1 68

Ampicillin—Definition, USP Reference standards,
Related compounds (add), Assay

34 5 1140

Ampicillin Sodium—Dimethylaniline 35 1 65
Aprotinin (new) 31 3 732
Aprotinin Injection (new) 31 3 736
Artemether (new) 36 2 377
Artemether and Lumefantrine Tablets (new) 36 2 379
Articaine Hydrochloride (new) 35 3 544
Atenolol—Identification B 35 3 545
Atenolol Tablets—Dissolution 35 1 66
Atorvastatin Calcium (new) 35 1 66
Atropine Sulfate—Identification C (add); Organic

Impurities—Other Alkaloids (delete), Procedure (add);
Melting Range or Temperature (delete); Optical Rotation
(delete); Optical Rotation (add); Acidity (delete); Packaging
and Storage; USP Reference Standards

35 4 829

Azithromycin—Assay, Organic Impurities—
Procedure 1 (delete), Procedure 2 (delete),
Procedure (add), Labeling, USP Reference
Standards

36 1 70

Aztreonam—Definition, Assay, Organic Impurities (add),
Limit of Alcohol (add), USP Reference Standards

35 5 1103

Soluble Bacitracin Methylene Disalicylate—Title change,
Definition

35 5 1105

Bacitracin Methylene Disalicylate Soluble Powder—Title
change, Definition

35 5 1106

Balsalazide Disodium (new) 35 4 830
Balsalazide Disodium Capsules (new) 35 4 832
Bendroflumethiazide Tablets—Dissolution 35 5 1106
Benzethonium Chloride—Identification B, C (delete),

Identification B (add), USP Reference Standards (add)
35 4 833

Benzoin—Botanic characteristics, Identification 35 1 70
Hydrous Benzoyl Peroxide—Definition, Assay 36 2 382
Bicalutamide—Organic Impurities 35 5 1107
Biperiden Hydrochloride Tablets—Dissolution 35 5 1108
Bisoctrizole (new) 32 2 309
Budesonide—Related compounds 35 3 539
Bupropion Hydrochloride—Assay, Organic Impurities—

Procedure 1, Procedure 2
36 2 383

Bupropion Hydrochloride Extended-Release Tablets—Dissolution 35 5 1109
Buspirone Hydrochloride—Identification C (add), Assay,

Content of Chloride (delete)
36 1 74

Cabergoline—Residue on Ignition (add), Heavy Metals (add) 36 1 75
Camphor—Water 31 3 742
Capecitabine—Assay, Organic Impurities 35 4 834
Capecitabine Tablets—Assay, Dissolution, Organic

Impurities
35 5 1113

Capreomycin Sulfate—Identification B (add), Capreomycin 1 Content 35 6 1448
Capreomycin for Injection—Identification A (add), B (add),

Capreomycin 1 Content, Other Requirements
35 6 1449

Carbidopa—Specific rotation 35 1 73
Carbidopa and Levodopa Extended-Release Tablets (new) 34 6 1433
Carmustine (new) 35 3 546
Carmustine for Injection (new) 35 3 548
Cefadroxil for Oral Suspension—Dissolution 36 2 385
Cefazolin Sodium—Chemical information, Related compounds (add) 34 6 1438
Cefdinir Capsules—Dissolution, Organic Impurities 36 2 386
Cefdinir for Oral Suspension—Organic Impurities 35 5 1118
Cefepime Hydrochloride—Assay, Organic Impurities—Procedure 1,

Procedure 2, USP Reference Standards
36 1 76

Cefepime for Injection—Assay, Organic Impurities—Procedure 1,
Procedure 2, USP Reference Standards

36 1 79

Cefotetan for Injection—Identification A (add), B (add),
Other Requirements

35 5 1122

Cefixime for Oral Suspension—Water (delete) 34 6 1441
Ceftiofur Hydrochloride (new) 34 4 908
Ceftiofur Sodium (new) 34 4 912
Cefuroxime Axetil for Oral Suspension—pH 35 5 1123
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Cephalexin—Identification B, C (delete), B (add),
Assay, Organic Impurities—Procedure 1

36 1 41

Cephalexin Hydrochloride—Identification A, B (delete),
A (add), C, Assay

36 1 42

Cephalexin Capsules—Identification A (delete),
Identification (add), Assay, Water Determination (delete)

36 1 44

Cephalexin for Oral Suspension—Identification A (delete),
Identification (add), Assay, Water Determination (delete)

36 1 45

Cephalexin Tablets—Identification (delete),
Identification (add), Assay, Water Determination (delete)

36 1 46

Cephalexin Tablets for Oral Suspension—Identification A (delete),
Identification (add), Assay, Water Determination (delete)

36 1 47

Cetirizine Hydrochloride Tablets (new) 36 2 389
Cetirizine Hydrochloride and Pseudoephedrine Hydrochloride

Extended-Release Tablets (new)
36 1 82

Chlorhexidine Acetate—Identification A, B (delete),
C (delete), Assay, Organic Impurities

36 1 85

Chlorhexidine Acetate Topical Solution (new) 36 1 87
Chlorhexidine Gluconate Solution—Identification B (delete),

C (delete), D, Assay, Organic Impurities—Procedure 2
36 1 88

Chlorhexidine Gluconate Topical Solution (new) 36 1 90
Chlorhexidine Hydrochloride—Identification A (delete),

B (delete), C, D, Assay, Organic Impurities
36 1 91

Ciprofloxacin—Identification B 35 4 837
Ciprofloxacin Hydrochloride—Identification B 35 4 839
Ciprofloxacin Injection—Identification A 35 4 840
Ciprofloxacin Ophthalmic Solution—Identification A 35 4 842
Ciprofloxacin Tablets—Identification A, B (delete) 35 4 843
Citalopram Tablets—Identification A, Uniformity

of Dosage Units, Organic Impurities
35 4 844

Anhydrous Citric Acid (Harmonization)—Sulfate 31 3 749
Citric Acid Monohydrate (Harmonization)—Sulfate 31 3 750
Cladribine—Specific rotation, Related compounds 33 1 49
Clarithromycin Tablets—Dissolution 35 5 1124
Clavulanate Potassium—Limit of aliphatic amines, Limit of

2-ethylhexanoic acid
34 6 1441

Clenbuterol Hydrochloride (new) 35 5 1125
Clindamycin Palmitate Hydrochloride—Chemical information, Assay 34 6 1442
Clobetasol Propionate—Residue on Ignition, Heavy Metals 35 5 1125
Clopidogrel Tablets—Related compounds 33 1 50
Clotrimazole—Identification B, Assay, Organic Impurities—Procedure 2 35 6 1449
Clotrimazole Cream—Thin-Layer Chromatographic Identification Test,

Assay
35 6 1451

Cyclophosphamide—Identification B, Assay, Organic
Impurities—Procedure 1 and Procedure 2 (add),
Limit of Chloride (add), Limit of Phosphate (add), Bacterial
Endotoxins Test (add), Sterility Tests (add), Labeling (add),
USP Reference Standards

35 5 1126

Dactinomycin for Injection—Definition, Identification B 35 6 1452
Dalteparin Sodium (new) 30 5 1598
Dapsone—Assay 31 3 750
Deferoxamine Mesylate—Definition, Identification (delete),

A (add), B (add), Assay, Organic Impurities (add),
Packaging and Storage

35 4 847

Human Acellular Dermal Matrix (new) 35 3 558
Microsized Human Acellular Dermal Matrix (new) 35 3 561
Desflurane—Definition, Identification, Assay, Limit of Nonvolatile

Residue, Limit of Fluoride, Organic Impurities, Acidity
or Alkalinity (add), Packaging and Storage, USP Reference
Standards

36 1 93

Diazepam Extended-Release Capsules—USP Reference standards,
Assay

32 2 330

Diclazuril (new) 35 1 73
Diclofenac Sodium Delayed-Release Tablets—Dissolution 35 5 1129
Diclofenac Sodium Extended-Release Tablets—Assay, Dissolution,

Organic Impurities
35 5 1130

Didanosine for Oral Solution—Assay 34 6 1443
Dihydroxyaluminum Sodium Carbonate Chewable

Tablets (new)
29 6 1873

Diltiazem Hydrochloride Tablets—Dissolution 35 6 1453
Dinoprostone—Organic Impurities 35 5 1132
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Disulfiram—Assay, Inorganic Impurities—Selenium 35 4 848
Divalproex Sodium Delayed-Release Capsules (new) 36 2 390
Divalproex Sodium Extended-Release Tablets (new) 36 2 391
Docetaxel (new) 35 5 1133
Dofetilide (new) 35 5 1135
Dolasetron Mesylate—Impurities 35 2 272
Donepezil Hydrochloride (new) 36 1 97
Dronabinol Capsules—Definition, Assay, USP Reference Standards 35 3 549
Drospirenone—Organic Impurities—Procedure 1,

Procedure 2, Optical Rotation, USP Reference Standards
36 2 394

Egg Phospholipids (new) 31 3 757
Endotoxin Indicator for Depyrogenation (new) 34 6 1444
Ensulizole—USP Reference Standards 35 4 849
Entacapone (new) 36 2 396
Epirubicin Hydrochloride (new) 35 2 273
Esomeprazole Magnesium—Identification B, Other Components—

Content of Magnesium, Optical Rotation (delete)
35 3 550

Esterified Estrogens—Identification, Free steroids, Assay 32 6 1678
Esterified Estrogens Tablets—USP Reference standards, Assay 32 6 1680
Estradiol Transdermal System—Drug Release 35 5 1136
Estradiol and Norethindrone Acetate Tablets—Assay,

Dissolution, Uniformity of Dosage Units, Organic Impurities
35 5 1139

Conjugated Estrogens—Assay 35 5 1142
Ethambutol Hydrochloride—Limit of Total Stereoisomers (add),

USP Reference Standards
36 1 98

Ethotoin Tablets—USP Reference standards, Assay 32 2 332
Famotidine Injection (new) 32 2 333
Fenofibrate—Definition, Assay 35 2 275
Fentanyl (new) 34 3 602
Fentanyl Transdermal System (new) 36 2 397
Flavoxate Hydrochloride—Organic Impurities, USP Reference

Standards
35 6 1454

Flecainide Acetate Oral Suspension (new) 36 2 401
Fludarabine Phosphate Injection—Organic Impurities—

Procedure 1 (delete), Procedure 2, Procedure 3
36 2 402

Fluconazole Injection (new) 35 3 552
Flurazepam Hydrochloride—Identification 31 3 766
Fluvestrant (new) 33 5 99
Fosfomycin Tromethamine (new) 36 2 404
Fosinopril Sodium—Organic Impurities—Procedure 1 35 5 1144
Gadodiamide Injection—Packaging and Storage 36 1 99
Galantamine Hydrobromide—Organic Impurities, Enantomeric

Purity (add), Optical Rotation (add), Labeling (add)
36 1 100

Galantamine Tablets—Organic Impurities 35 5 1145
Glucagon—Chemical information, Definition, Identification (delete),

A (add), B (add), Assay, Nitrogen Determination (delete),
Residue on Ignition (delete), Zinc Determination (delete),
Organic Impurities, Water Determination, Bacterial Endotoxins Test
(add), Packaging and Storage, USP Reference Standards

35 5 1148

Glucagon for Injection—Definition, Identification (add), Assay,
Organic Impurities (add), Water Determination (add), pH and
Clarity of Solution (delete), Bacterial Endotoxins Test, Sterility
Tests, Other Requirements (delete), Labeling (add),
USP Reference Standards

35 5 1152

Glutaral Concentrate—Specific gravity 31 3 766
Glyburide and Metformin Hydrochloride Tablets—Identification A,

Dissolution
35 6 1456

Goserelin Acetate (new) 32 3 792
Granisetron Hydrochloride Oral Suspension (new) 34 6 1454
Halazone—Readily carbonizable substances 34 5 1163
Helium—Identification A (delete), B (delete),

Identification (add), Assay, Inorganic Impurities—Carbon
Monoxide, Odor, Packaging and Storage, Labeling (add)

35 4 850

Halobetasol Propionate (new) 35 6 1458
Hydrochlorothiazide Capsules (new) 36 2 405
Hydromorphone Hydrochloride—Organic Impurities,

USP Reference Standards
35 5 1156

Hydromorphone Hydrochloride Oral Solution (new) 35 4 851
Hydroxypropyl Cellulose Ocular System—Assay 35 4 852
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Indinavir Sulfate—Identification C (add), Assay,
Other Components—Procedure 1 (delete),
Procedure 2, Organic Impurities, Optical Rotation

36 2 406

Biphasic Isophane Insulin Human Suspension (new) 31 4 1033
Iodixanol Injection—Identification A (delete), B,

Heavy Metals (delete), Organic Impurities, Limit of Free Iodide,
Packaging and Storage, USP Reference Standards

36 1 103

Iohexol Injection—Identification A (delete), B (delete),
Identification (add), Heavy Metals (delete), Packaging
and Storage

36 1 106

Irbesartan and Hydrochlorothiazide Tablets—Identification A
(add), B, Assay, Dissolution, Organic Impurities
(add), USP Reference Standards

36 2 409

Ketoprofen Extended-Release Capsules (new) 34 4 951
Lamivudine and Zidovudine Tablets (new) 35 2 277
Lamotrigine Tablets (new) 36 1 110
Leflunomide—Organic Impurities—Procedure 1: Limit of

Leflunomide Related Compound A, Loss on Drying
35 5 1158

Leflunomide Tablets—Water Determination (delete) 35 5 1159
Letrozole—Assay, Organic Impurities 36 1 111
Letrozole Tablets—Assay, Dissolution, Uniformity of Dosage Units,

Organic Impurities
36 1 113

Leuprolide Acetate—Assay, Content of Acetic Acid 36 1 49
Levetiracetam Tablets (new) 36 1 115
Levocabastine Hydrochloride—Organic Impurities 36 1 116
Levofloxacin (new) 35 6 1459
Levonorgestrel and Ethinyl Estradiol Tablets—Identification A, Assay,

Dissolution, USP Reference Standards
36 1 117

Levothyroxine Sodium—Organic Impurities—Procedure 1,
Procedure 2 (add), Packaging and Storage, Labeling (add),
USP Reference Standards

35 3 555

Lithium Carbonate Tablets—Dissolution 35 6 1461
Loratadine Orally Disintegrating Tablets (new) 34 3 624
Loratadine and Pseudoephedrine Sulfate Extended-Release

Tablets (new)
32 6 1715

Losartan Potassium Tablets—Dissolution 36 2 411
Losartan Potassium and Hydrochlorothiazide Tablets (new) 34 6 1455
Lumefantrine (new) 36 2 413
Mannitol Injection—Labeling 32 2 263
Mefloquine Hydrochloride—Assay 35 5 1160
Megestrol Acetate Oral Suspension—Dissolution 35 1 75
Meloxicam—Impurities, Procedure 1 35 2 278
Metformin Hydrochloride Extended-Release Tablets—Dissolution 35 1 76
Methylbenzethonium Chloride—Identification B (delete), C

(delete), D (delete), B (add); USP Reference Standards (add)
35 4 853

Methylcellulose (new)—Stage 6 Harmonization 35 3 683
Methylcellulose Ophthalmic Solution—Identification 31 3 780
Methylcellulose Oral Solution—Identification 31 3 780
Methylcellulose Tablets—Identification 31 3 780
Methylene Blue Injection, Veterinary (new) 34 6 1461
Methylphenidate Hydrochloride—Definition, Identification B,

Assay, Organic Impurities—Procedure 1, Procedure 2
36 1 119

Methylphenidate Hydrochloride Extended-Release Tablets—
Identification B (add), Dissolution, Organic Impurities (add),
USP Reference Standards

35 6 1461

Metolazone Tablets—Dissolution 35 6 1464
Metronidazole Benzoate—USP Reference standards,

Related compounds
31 3 781

Midodrine Hydrochloride (new) 36 2 414
Midodrine Hydrochloride Tablets (new) 36 2 415
Milbemycin Oxime (new) 36 2 417
Minocycline Hydrochloride—Assay, Organic Impurities 36 2 418
Minocycline Periodontal System—Dissolution (add) 36 2 420
Misoprostol (new) 35 3 564
Mometasone Furoate Cream—Packaging and storage, Related

compounds (add), Assay
35 1 82

Mometasone Furoate Ointment—Packaging and storage, Related
compounds (add), Assay

35 1 84

Mometasone Furoate Topical Solution—Packaging and storage,
Related compounds (add), Assay

35 1 87

Montelukast Sodium (new) 36 1 121
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Morantel Tartrate—pH 32 6 1735
Morphine Sulfate Extended-Release Capsules—Assay,

Dissolution, Organic Impurities, USP Reference Standards
36 2 422

Morphine Sulfate Extended-Release Tablets (new) 35 5 1164
Mycophenolate Mofetil—Identification, Melting range (delete),

Related compounds, Assay
35 1 89

Mycophenolate Mofetil Capsules (new) 35 4 854
Mycophenolate Mofetil for Injection (new) 35 6 1464
Mycophenolate Mofetil for Oral Suspension (new) 35 6 1466
Mycophenolate Mofetil Tablets (new) 35 4 856
Naratriptan Hydrochloride Oral Suspension (new) 35 1 90
Nevirapine Oral Suspension—Organic Impurities 35 4 857
Nateglinide (new) 34 6 1463
Nateglinide Tablets (new) 35 2 281
Nitrofurantoin Capsules—Packaging and storage 35 1 92
Diluted Nitroglycerin—Organic Impurities 36 1 123
Nitrous Oxide—Definition; Identification A, B (delete),

C (delete); Assay; Inorganic Impurities—Ammonia,
Nitric Oxide, Nitrogen Dioxide, Halogens, Carbon
Monoxide, Carbon Dioxide; Water; Packaging and Storage;
Labeling (add)

35 4 859

Norepinephrine Bitartrate—Residue on Ignition 35 5 1165
Norethynodrel (delete entire monograph) 35 1 92
Ofloxacin—Chromatographic purity (delete), Related

compounds (add)
30 4 1274

Ofloxacin Tablets—Uniformity of dosage units 34 6 1467
Olanzapine Tablets (new) 35 2 282
Olanzapine and Fluoxetine Capsules (new) 36 2 423
Olopatadine Hydrochloride (new) 35 3 567
Olopatadine Hydrochloride Ophthalmic Solution (new) 35 3 568
Ondansetron Hydrochloride—Limit of ondansetron

related compound D, Assay
32 1 126

Ondansetron Orally Disintegrating Tablets—Labeling (add),
Disintegration, Dissolution, Water (delete)

34 6 1467

Orlistat (new) 35 5 1166
Orlistat Capsules (new) 35 5 1169
Oseltamivir Phosphate (new) 36 1 124
Oseltamivir Phosphate Capsules (new) 34 6 1471
Oxaliplatin—Organic Impurities—Procedure 1, Content of Platinum 35 6 1467
Oxaliplatin Injection (new) 35 2 284
Oxaliplatin for Injection (new) 34 6 1473
Oxazepam Capsules—Assay, Dissolution, Organic Impurities (add) 35 5 1170
Oxcarbazepine (new) 34 5 1177
Oxcarbazepine Tablets (new) 34 6 1478
Oxybutynin Chloride Tablets—Dissolution 35 1 93
Oxycodone Hydrochloride—USP Reference standards, Limit of

oxycodone related compound A (14-hydroxycodeinone) and
oxycodone related compound C (codeinone) (add),
Chromatographic purity

34 6 1480

Oxygen—Identification—Procedure, B (delete); Assay;
Inorganic Impurities—Carbon Dioxide, Carbon Monoxide; Packaging
and Storage; Labeling

35 4 861

Oxygen 93 Percent—Identification A, B (delete); Assay; Inorganic
Impurities—Carbon Dioxide, Carbon Monoxide; Packaging
and Storage; Labeling

35 4 862

Pamidronate Disodium for Injection—Definition 33 1 81
Pancuronium Bromide Injection (new) 32 4 1097
Pantoprazole Oral Suspension (new) 35 4 863
Paramethasone Acetate (delete entire monograph) 35 6 1471
Paramethasone Acetate Tablets (delete entire monograph) 35 6 1472
Paricalcitol—Identification, Assay 33 2 252
Pectin—Chemical information; Definition; Identification—A, B, C, D

(delete), Procedure (add); Assay—Methoxy
Groups (name change), Galacturonic Acid, Methoxy
Groups (add); Impurities—Lead, Procedure 1, Procedure 2 (add),
Procedure 3 (add); Microbial Enumeration Tests; Packaging and
Storage; Labeling; USP Reference Standards (add)

35 2 287

Penicillamine Capsules—Dissolution 31 2 436
Pentamidine Isethionate (new) 35 3 570
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Pentobarbital—Identification B (delete), C, Assay,
Organic Impurities, Melting Range
or Temperature (delete)

35 4 864

Pentobarbital Oral Solution (delete entire monograph) 36 2 425
Pentobarbital Sodium—Labeling (add), USP Reference standards,

Other requirements (add)
31 1 73

Pentobarbital Sodium Capsules (delete entire monograph) 36 2 426
Petrolatum (new)—Stage 4 Harmonization 35 5 1363
White Petrolatum (new)—Stage 4 Harmonization 35 5 1364
Liquefied Phenol—Identification (add), Other requirements 35 1 93
Phenytoin Chewable Tablets (new) 29 6 1965
Physostigmine—Readily carbonizable substances 34 5 1179
Pilocarpine Hydrochloride—Definition, Assay, Organic Impurities—

Procedure 1, Melting Range or Temperature (delete), Packaging
and Storage

35 6 1473

Pioglitazone Hydrochloride (new) 36 1 126
Pioglitazone Tablets (new) 36 1 128
Potassium Iodide Delayed-Release Tablets—Identification (add),

Other requirements
34 6 1481

Potassium Iodide Oral Solution—Definition 31 3 786
Potassium Sodium Tartrate—Limit of ammonia 31 3 787
Praziquantel Tablets—Dissolution 35 2 291
Primidone—Identification B, C (delete), Assay, Organic Impurities,

Melting Range or Temperature (delete),
USP Reference Standards

35 3 571

Primidone Tablets—Assay, Organic Impurities (add),
USP Reference Standards

35 3 573

Promethazine Hydrochloride and Codeine Phosphate Oral
Solution (new)

35 2 292

Promethazine Hydrochloride and Dextromethorphan
Hydrobromide Oral Solution (new)

35 2 295

Promethazine and Phenylephrine Hydrochloride Oral Solution
(new)

35 2 298

Promethazine and Phenylephrine Hydrochloride and Codeine
Phosphate Oral Solution (new)

35 2 301

Propafenone Hydrochloride—Organic Impurities 36 1 129
Propoxyphene Hydrochloride—Definition, Assay, Organic

Impurities, Melting Range or Temperature (delete)
35 4 865

Propoxyphene Hydrochloride Capsules—Identification B (delete),
Identification C

35 3 574

Psyllium Husk—Impurities—Heavy Metals (add), Procedure 3 (add) 35 2 304
Pyrantel Pamoate—USP Reference standards, Related compounds 34 6 1482
Quinidine Sulfate Oral Suspension—Assay 35 6 1475
Ractopamine Hydrochloride Suspension (new) 35 5 1171
Raloxifene Hydrochloride Tablets—Dissolution 36 2 427
Ramipril—Definition, Assay 31 3 787
Ramipril Capsules (new) 35 4 867
Repaglinide—Loss on Drying 36 2 428
Repaglinide Tablets—Loss on Drying (delete) 35 2 306
Ribavirin Capsules (new) 35 3 576
Riluzole (new) 35 5 1173
Riluzole Tablets (new) 35 5 1174
Risperidone Oral Solution (new) 35 4 870
Ritonavir—Identification 35 1 95
Rivastigmine Tartrate (new) 35 6 1476
Rivastigmine Tartrate Capsules (new) 36 1 131
Rizatriptan Benzoate (new) 36 1 132
Ropinirole Hydrochloride (new) 36 1 133
Ropivacaine Hydrochloride—Organic Impurities—Procedure 3,

Optical Rotation (delete)
36 1 135

Salmeterol Xinafoate (new) 35 2 307
Salsalate Tablets—Assay 33 6 1211
Secobarbital Oral Solution (delete entire monograph) 36 2 430
Sennosides—Content of Sennosides A and B (add), USP Reference

Standards (add)
35 2 308

Sertraline Hydrochloride (new) 34 5 1189
Sertraline Tablets (new) 36 1 138
Sevoflurane—Limit of Peroxide (delete), Organic Impurities—

Procedure 2
36 1 139

Sibutramine Hydrochloride (new) 34 4 986
Simethicone Emulsion—Identification, Assay 35 6 1477
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Sodium Acetate—Identification B, Aluminum 36 2 430
Sodium Chloride—Identification, Loss on drying,

Limit of potassium (postponed indefinitely)
32 2 264

Bacteriostatic Sodium Chloride Injection—Identification,
Other Requirements

36 2 431

Sodium Fluoride Gel (new) 35 5 1175
Spironolactone—Melting Range or Temperature (delete) 36 1 141
Sucralfate—Identification 33 2 254
Sulfadiazine Tablets—Dissolution 35 3 577
Sulfamethazine Granulated—Assay 31 3 797
Sulfasalazine—Identification B 35 6 1478
Sulfasalazine Tablets—Identification 35 6 1479
Sulfinpyrazone—Identification A, B (add), Melting Range or

Temperature (delete), Solubility in acetone (delete),
Solubility in 0.50 N sodium hydroxide (delete)

35 3 577

Sumatriptan Tablets (new) 35 4 871
Tacrolimus (new) 35 2 310
Tacrolimus Capsules (new) 35 2 312
Tamsulosin Hydrochloride (new) 35 3 578
Telmisartan (new) 35 3 580
Telmisartan Tablets (new) 35 3 581
Terazosin Capsules (new) 35 4 872
Terazosin Tablets (new) 35 4 874
Terbinafine Hydrochloride—Definition, Assay, Organic Impurities 35 6 1480
Terbinafine Oral Suspension (new) 35 1 96
Terbinafine Tablets (new) 36 1 142
Terbutaline Oral Suspension (new) 35 1 97
Terbutaline Sulfate Inhalation Aerosol—USP Reference

standards, Assay
31 2 450

Theophylline Oral Suspension (new) 36 2 432
Thiabendazole Chewable Tablets (new) 29 6 1991
Thioridazine Hydrochloride—Identification 31 3 798
Tiagabine Hydrochloride Oral Suspension (new) 35 1 98
Ticlopidine Hydrochloride (new) 35 3 582
Ticlopidine Hydrochloride Tablets (new) 35 3 584
Tilmicosin—Definition, Related compounds, Assay 31 3 798
Tioconazole—Assay 35 4 875
Tizanidine Tablets—Dissolution 35 3 585
Topiramate—Limit of Sulfamate and Sulfate (delete),

Limit of Sulfamate and Sulfate (add)
36 2 433

Topiramate Tablets (new) 34 5 1197
Tramadol Hydrochloride Tablets (new) 31 2 462
Tranexamic Acid (new) 34 6 1484
Tranylcypromine Sulfate (new) 35 2 314
Tranylcypromine Tablets (new) 35 3 587
Trenbolone Acetate—Definition, USP Reference standards,

Identification, Chromatographic purity (delete),
Limit of trenbolone acetate 17a-isomer (delete),
Related compounds (add), Assay

35 1 100

Tretinoin Gel—Identification, Assay 34 6 1485
Triamcinolone Acetonide—USP Reference standards, Assay 31 3 800
Tryptophan—Chromatographic purity (add),

Limit of tryptophan related compound A (add)
33 6 1214

Ursodiol Capsules—Dissolution 31 3 800
Ursodiol Tablets—Identification, Assay 35 4 876
Valacyclovir Hydrochloride (new) 35 3 589
Valacyclovir Tablets (new) 35 4 878
Valproic Acid Capsules—Disintegration (delete) 35 3 591
Valrubicin—Definition, USP Reference standards, Identification, Loss

on drying (delete), Water (add), Limit of residual solvents (delete),
Related compounds, Assay

35 1 103

Valrubicin Intravesical Solution—USP Reference standards,
Related compounds

34 6 1486

Valsartan and Hydrochlorothiazide Tablets—Organic Impurities 35 5 1176
Vancomycin Hydrochloride—Identification, Inorganic

Impurities—Heavy Metals (add), Organic Impurities—
Procedure: Limit of Monodechlorovancomycin, Sterility
Tests (add), Bacterial Endotoxins Test (add), Composition
of Vancomycin

35 4 879

Vancomycin Hydrochloride Capsules—Identification 34 6 1487
Sterile Vancomycin Hydrochloride—(delete entire monograph) 34 1 112
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Vancomycin Hydrochloride for Injection—Inorganic Impurities—
Heavy Metals (delete), Composition of Vancomycin

35 4 881

Venlafaxine Hydrochloride (new) 35 6 1483
Venlafaxine Tablets (new) 35 6 1482
Vincristine Sulfate Injection—Identification 35 1 106
Vincristine Sulfate for Injection—Identification 35 1 106
Pure Steam (new) 31 2 467
Water for Hemodialysis—Specific Tests (add Note), Oxidizable

Substances (delete), Microbial Enumeration Tests and Tests for
Specified Microorganisms, Bacterial Endotoxins Test

35 6 1485

Water for Injection—Definition, Bacterial Endotoxins Test,
Water Conductivity, Sterility Tests (delete), Packaging
and Storage (add), Labeling (add)

36 1 144

Purified Water—Definition, Packaging and Storage (add), Labeling
(add)

35 2 317

Sterile Water for Inhalation—Definition, Water Conductivity 35 5 1178
Sterile Water for Injection—Water Conductivity 35 5 1178
Sterile Water for Irrigation—Water Conductivity 35 5 1179
Sterile Purified Water—Water Conductivity 35 5 1180
Zidovudine Oral Solution—Identification A (delete), B (delete),

Identification (add), Organic Impurities, Labeling (add),
USP Reference Standards

35 5 1180

Ziprasidone Hydrochloride (new) 35 3 592
Zolpidem Tartrate (new) 34 6 1487
Zolpidem Tartrate Extended-Release Tablets (new) 35 3 595
Zolpidem Tartrate Tablets (new) 35 4 883
Zonisamide (new) 34 6 1489
Zonisamide Capsules (new) 36 2 436

Dietary Supplements Monographs
Acesulfame Potassium—Packaging and storage (add),

Limit of fluoride
31 3 811

N-Acetyltyrosine (new) 35 1 107
Ademetionine Disulfate Tosylate—Title change, Definition,

Identification B, Composition, Content of Sulfate,
Isomeric Ratio, USP Reference Standards

36 2 438

Alpha Lipoic Acid Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 145

Alpha Lipoic Acid Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 146

Andrographis (new) 35 5 1183
Powdered Andrographis (new) 35 5 1184
Powdered Andrographis Extract (new) 35 5 1186
Arginine Capsules—Disintegration and Dissolution

of Dietary Supplements
36 1 147

Arginine Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 147

Ashwagandha (new) 35 4 885
Powdered Ashwagandha (new) 35 4 886
Powdered Ashwagandha Extract (new) 35 4 888
Boswellia Serrata (new) 35 4 890
Boswellia Serrata Extract (new) 35 4 891
Calcium with Vitamin D Tablets—Disintegration and Dissolution

of Dietary Supplements
35 6 1486

Calcium and Vitamin D with Minerals Tablets—
Assay for calcium; Assay for copper;
Assay for magnesium; Assay for manganese;
Assay for zinc; Assay for calcium, copper, magnesium,
manganese, and zinc, Method 2 (add)

34 6 1491

Cat’s Claw Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 148

Cat’s Claw Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 149

Black Cohosh Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 150

Crypthecodinium cohnii Oil (new) 35 4 892
Crypthecodinium cohnii Oil Capsules (new) 35 5 1187
Fish Oil Containing Omega-3 Acids Capsules—Disintegration

and Dissolution of Dietary Supplements
36 1 152

Ginger Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 155
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American Ginseng Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 157

American Ginseng Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 159

Asian Ginseng Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 160

Grape Seeds Oligomeric Proanthocyanidins (new) 34 3 659
Maleic Acid—Identification 31 3 815
Maltose—Water 31 3 815
Minerals Capsules—Definition, Assay for calcium;

Assay for chromium; Assay for iron;
Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1493

Minerals Tablets—Definition, Assay for calcium; Assay for chromium;
Assay for copper; Assay for iron; Assay for magnesium;
Assay for manganese; Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1495

Olive Oil—Definition, Labeling (add), Teaseed oil 31 3 815
Omega-3 Acid Ethyl Esters (new) 35 5 1190
Phenoxyethanol—Chromatographic purity, Assay 31 3 816
Polyethylene Glycol (new)—Harmonization 31 3 897
Polyoxyl 10 Oleyl Ether—Free ethylene oxide 31 3 816
Polyoxyl 20 Oleyl Cetostearyl Ether—Free ethylene oxide 31 3 817
Pygeum Capsules—Disintegration and Dissolution

of Dietary Supplements, Rupture Test
36 1 162

Saw Palmetto Capsules—Disintegration and Dissolution
of Dietary Supplements, Rupture Test (delete)

36 1 163

Schizochytrium Oil (new) 35 4 894
Schizochytrium Oil Capsules (new) 35 5 1192
Sodium Benzoate—USP Reference standards (add),

Identification
31 3 818

Soy Isoflavones Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 165

Soy Isoflavones Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 167

Sucrose (new)—Harmonization 31 3 902
Sugar Spheres—Identification, Specific rotation 31 3 819
Tagatose (new) 31 3 819
Thymol—USP Reference standards (add), Identification 31 3 821
Tumeric (new) 33 6 1229
Powdered Tumeric (new) 33 6 1232
Powdered Tumeric Extract (new) 33 6 1232
Ubidecarenone—USP Reference standards, Assay 31 1 86
Valerian Capsules (new) 27 1 1825
Valerian Tablets—Disintegration and Dissolution

of Dietary Supplements
36 1 169

Vinpocetine (new) 35 5 1195
Vitamin A Oral Liquid Preparation (new) 35 3 596
Oil-Soluble Vitamins Capsules—Disintegration

and Dissolution of Dietary Supplements
36 1 169

Oil-Soluble Vitamins Tablets—Disintegration
and Dissolution of Dietary Supplements

36 1 176

Oil- and Water-Soluble Vitamins with Minerals Capsules—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1499
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Oil- and Water-Soluble Vitamins with Minerals Tablets—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1500

Water-Soluble Vitamins with Minerals Capsules—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1505

Water-Soluble Vitamins with Minerals Tablets—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1507

Xanthan Gum—Assay 31 3 821
Zinc Gluconate Tablets (new) 35 3 597

USP General Test Chapters
h1i Injections—Packaging—Volume in Container, Labeling

on Ferrules and Cap Overseals; Foreign and
Particulate Matter

36 1 194

h3i Topical and Transdermal Drug Products—Product Quality
Tests (new)

35 3 602

h11i USP Reference Standards 31 6 1680
32 4 1161
33 1 95
33 5 981
34 3 680
34 4 1021
34 5 1230
34 6 1531
35 1 144
35 2 330
35 3 612
35 4 913
35 5 1217

h11i USP Reference Standards (entire chapter revised) 35 6 1507
h11i USP Reference Standards—Stage 6 Harmonization 35 4 1022
h41i Weights and Balances—Introduction, Repeatability,

Verification of Accuracy, Calibration Check
36 2 454

h63i Mycoplasma Tests (new) 35 1 146
h90i Fetal Bovine Serum—Quality Attributes and

Functionality Tests (new)
35 5 1219

h92i Growth Factors and Cytokines Used in Cell Therapy
Manufacturing (new)

35 4 915

h121i Insulin Assays—Appendix (add) 30 5 1675
h197i Spectrophotometric Identification Tests—

Infrared Absorption
36 2 457

h223i Dimethylaniline—Chromatographic System, Procedure 35 1 156
h228i Ethylene Oxide and Dioxane (new) 35 4 917
h231i Heavy Metals—Method II 32 1 182
h232i Elemental Impurities—Limits (new) 36 1 197
h233i Elemental Impurities—Procedures (new) 36 1 201
h331i Amphetamine Assay (entire chapter deleted) 35 4 920
h345i Assay for Citric Acid/Citrate and Phosphate (new) 31 2 514
h381i Elastomeric Closures for Injections—Introduction 35 5 1225
h413i Impurities Testing in Medical Gases (new) 35 4 920
h415i Medical Gases Assay (new) 35 4 921
h467i Residual Solvents—Identification, Control, and Quantification

of Residual Solvents
35 2 334

h521i Sulfonamides (entire chapter deleted) 35 6 1515
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

h525i Sulfur Dioxide—Method IV (add), Method V (add) 35 2 341
h561i Articles of Botanical Origin—Sampling, Test for Aflatoxins,

General Method for Pesticide Residues Analysis,
Test for Pesticides

36 1 207

h621i Chromatography (entire chapter revised) 35 6 1516
h645i Water Conductivity—Introduction, Instrument Specifications

and Operating Parameters, Bulk Water, Packaged Water
35 5 1226

h659i Packaging and Storage Requirements (new) 36 2 457
h670i Containers—Auxiliary Packaging Components (new) 34 6 1533
h727i Capillary Electrophoresis (entire chapter deleted) 36 1 218
h729i Globule Size Distribution in Lipid Injectable Emulsions—

Introduction, Method II—Measurement of Large Globule
Content by Light Obscuration or Extinction Method

36 1 223

h741i Melting Range or Temperature—Introduction;
Procedure for Class I, Apparatus II; Procedure for Class Ia,
Apparatus II (add); Procedure for Class Ib, Apparatus II (add)

35 4 925

h761i Nuclear Magnetic Resonance
(entire chapter revised)

36 2 462

h788i Particulate Matter in Injections—Introduction 35 3 628
h795i Pharmaceutical Compounding—Nonsterile Preparations

(entire chapter revised)
35 4 926

h797i Pharmaceutical Compounding—Sterile Preparations—
Environmental Monitoring (add)

32 3 852

h891i Thermal Analysis—Stage 4 Harmonization 36 1 289
h911i Viscosity (entire chapter revised) 34 6 1536
h912i Non-Newtonian Rheology (new) 34 6 1541
h921i Water Determination—Method I (Titrimetric) 36 2 480

General Information Chapters
h1010i Analytical Data—Interpretation and Treatment—

Appendix C, Appendix F
36 2 483

h1024i Bovine Serum (new) 35 3 628
h1033i Biological Assay Validation (new) 35 2 349
h1053i Biotechnology-Derived Articles—Capillary Electrophoresis

(chapter renamed)
36 1 225

h1059i Excipient Performance (new) 35 5 1228
h1066i Physical Environments that Promote Safe Medication

Use (new)
34 6 1549

h1070i Emergency Medical Services Vehicles and Ambulances—
Storage of Preparations (entire chapter deleted)

36 1 225

h1072i Disinfectants and Antiseptics—Classification of Disinfectants,
Selection of a Disinfectant for Use in a Pharmaceutical Manufacturing
Environment, Theoretical Discussion of Disinfectant Activity,
Mechanism of Disinfectant Activity, Microbial Resistance to
Disinfectants, Disinfectant Challenge Testing, Disinfectants
in a Cleaning and Sanitization Program

35 5 1250

h1075i Good Compounding Practices (delete entire chapter) 35 4 942
h1079i Good Storage and Shipping Practices (chapter renamed;

entire chapter revised)
36 1 226

h1082i Genotoxicity Testing (new) 30 1 264
h1084i Glycoprotein and Glycan Analysis—General Considerations

(new)
36 2 486

h1086i Impurities in Official Articles—Introduction, Initial IND Filing
(delete), Drug Substance (add), NDA Filing (delete),
Drug Product (add), Post-NDA Approval (delete),
ANDA Filing (delete), Definitions

35 5 1254

h1097i Bulk Powder Sampling Procedures (new) 35 2 367
h1101i Medicine Dropper (delete entire chapter) 36 2 502
h1102i Immunological Test Methods—General Considerations
(new)

36 2 502

h1103i Immunological Test Methods: Enzyme-Linked Immunosor-
bent Assay (ELISA) (new)

36 2 516

h1113i Microbial Identification (new) 35 1 167
h1117i Microbiological Best Laboratory Practices—

Introduction, Media Preparation and Quality Control,
Maintenance of Microbiological Cultures, Maintenance of
Laboratory Equipment, Laboratory Layout and Operations,
Sample Handling (add), Microbiological Media
Incubation Times (add), Training of Personnel, Laboratory
Resources (add), Documentation, Maintenance of
Laboratory Records, Interpretation of Assay Results

35 4 945
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

h1119i Near-Infrared Spectroscopy—Instrumentation 36 2 532
h1121i Nomenclature—Monograph Naming Policy for Salt Drug

Substances in Drug Products and Compounded Preparations
35 6 1529

h1151i Pharmaceutical Dosage Forms (entire chapter revised) 35 5 1260
h1160i Pharmaceutical Calculations in Prescription

Compounding—Basic Pharmaceutical Calculations
31 3 847

h1163i Quality Assurance in Pharmaceutical Compounding
(entire chapter revised)

36 1 247

h1180i Human Plasma (new) 35 2 388
h1211i Sterilization and Sterility Assurance of Compendial Articles—

Introduction; Methods of Sterilization; Sterility Testing of Lots;
Performance, Observation, and Interpretation (delete)

35 4 952

h1221i Teaspoon (delete entire chapter) 36 2 534
h1225i Validation of Compendial Procedures—Validation 35 2 444
h1230i Water for Health Applications—Water for Hemodialysis,

Microbial Considerations
35 6 1531

h1231i Water for Pharmaceutical Purposes—Introduction,
Types of Water, Chemical Considerations

35 5 1310

h1232i Instrumentation for Analysis of High Purity Pharmaceutical
Waters (new)

30 5 1806

h1601i Products for Nebulization—Characterization Tests (new) 36 2 534
h1761i Applications of Nuclear Magnetic Resonance Spectroscopy

(new)
36 2 539

h1788i Methods for the Determination of Particulate Matter in
Parenteral Injections and Ophthalmic Solutions (new)

35 6 1533

Dietary Supplements Chapters
h2030i Supplemental Information for Articles of Botanical Origin—

Protocol Contents, Supplemental Information and General Guidance
Protocols

35 6 1551

h2040i Disintegration and Dissolution of Dietary Supplements—
Disintegration, Dissolution

36 2 567

h2232i Elemental Contaminants in Dietary Supplements (new) 36 1 258
h2750i Manufacturing Practices for Dietary Supplements—

Introduction (delete); General Provisions (add); Organization and
Personnel; Grounds, Buildings, and Facilities; Equipment;
Raw Materials, Product Containers, and Closures; Production and
Process Controls; Labeling and Packaging; Quality Control Opera-
tions; Records and Reports; Returned and Salvaged Products; Glos-
sary

35 5 1319

Reagents, Indicators, and Solutions
Reagents, Indicators, and Solutions—Introduction 35 1 176
Alcohol 35 1 177
Ammonium Bicarbonate (new) 35 6 1567
Ammonium Molybdate 35 1 177
Bis(4-sulfobutyl) Ether Disodium (new) 36 2 574
1,4-Butane Sultone (new) 36 2 574
t-Butylthiol (new) 35 3 648
Calcium Acetate 35 4 990
2-Chloroethanol (new) 35 6 1567
Chromotropic Acid 35 1 177
Chromotropic Acid Disodium Salt 35 1 177
Alpha-Chymotrypsin (new) 35 6 1567
Cobalt Chloride 35 5 1339
Cobalt Nitrate 35 3 648
Cupric Acetate 36 2 574
Alpha-Cyclodextrin Hydrate (new) 36 2 574
Diaveridine 35 3 648
1,3-Dicaffeoylquinic Acid (new) 35 4 990
Diethyl Sulfone (new) 36 2 575
4’4-Dipyridyl Dihydrochloride 33 5 1047
Glycolic Acid 35 6 1567
Heptyl p-Hydroxybenzoate (new) 35 2 460
Hydrobomic Acid (new) 36 1 267
4-Hydroxybutane-1-sulfonic Acid (new) 36 2 575
Lead Acetate Cotton (new) 35 6 1568
Mercuric Bromide Test Paper 35 6 1568
Metanil Yellow (new) 36 1 267
(R)-(+)-alpha-Methylbenzyl Isocyanate (new) 36 1 267
Methyl Red 35 4 990
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

p-Naphtholbenzein 35 3 648
Nitrogen Certified Standard (new) 35 4 990
Nonoxynol-9 (new) 36 1 267
Nonylparaben (new) 36 2 575
Oxygen Certified Standard (new) 35 5 1339
93.0% Oxygen Certified Standard (new) 35 4 991
Oxygen in Nitrogen Certified Standard (new) 35 4 991
3.0% Oxygen in Nitrogen Certified Standard (new) 35 4 991
21.0% Oxygen in Nitrogen Certified Standard (new) 35 4 991
Oxygen–Helium Certified Standard (delete) 35 4 991
Pectate Lysate (new) 35 2 460
Phosphorous Acid (new) 35 1 178
Potassium Arsenate Monobasic (new) 35 6 1568
Potassium Metabisulfite (new) 35 1 178
Potassium Sodium Tartrate 35 1 178
Sodium Acetate 35 2 461
Sodium Biphenyl 35 3 648
Sodium 1-Pentanesulfonate 36 1 268
Sodium 1-Pentanesulfonate, Anhydrous (new) 36 1 268
Stannous Chloride 35 3 649
Sulfuric Acid, Nitrogen Free (new) 35 3 649
0.4 M Aqueous Tetrabutylammonium Hydroxide (new) 36 2 575
Tetramethylbenzidine (new) 35 5 1339
Delta-8-tetrahydrocannabinol (new) 35 4 991
Zinc, Activated (new) 35 6 1568

Test Solutions
Acetic Acid, Glacial, TS 35 1 179
Denatured Alcoholic TS (new) 35 1 179
Cupric Citrate TS 2, Alkaline 35 1 179
Lead Subacetate TS 35 5 1339
Dibasic Sodium Phosphate TS 35 3 649
Starch TS 35 5 1340

Volumetric Solutions
Hydrochloric Acid, Normal (1 N) 35 1 180
Hydrochloric Acid, Half-Normal (0.5 N) 35 1 180
Hydrochloric Acid, Half-Normal (0.5 N) in Methanol 35 1 180
Perchloric Acid, Tenth-Normal (0.1 N) in Dioxane 35 1 180
Perchloric Acid, Tenth-Normal (0.1 N) in Glacial Acetic Acid 35 1 181

Chromatographc Columns
Chromatographic Columns—Packings 35 1 182
L## (Emtricitabine, Chirobiotic V) (new) 35 5 1340

Reference Tables
Container Specifications for Capsules and Tablets 36 2 576
Description and Solubility 29 1 266

34 3 817
34 4 1046
34 6 1565
35 1 188
35 2 464
35 3 651
35 4 993
35 5 1343
35 6 1571
36 1 271
36 2 578

Description and Solubility—Stage 6 Harmonization 35 4 1022
Atomic Weights—Standard Atomic Weights of the Elements 35 1 189

Excipients
USP and NF Excipients, Listed by Category 36 2 440
USP and NF Excipients, Listed by Category—Stage 6 Harmonization 35 4 1017

NF General Notices and Requirements—Title (delete),
‘‘Official’’ and ‘‘Official Articles’’ (delete),
Storage under Nonspecific Conditions (delete),
Other General Notices (delete)

34 1 119
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Title and Proposal Vol. No. Page(s)

NF Monographs
Acetyltributyl Citrate—Assay, Acidity 35 6 1495
Agar—CAS number (add), Definition, Botanic characteristics,

Packaging and storage (add), USP Reference standards (add),
Identification, Microbial limits, Limit of foreign insoluble matter

33 4 702

Alpha-Lactalbumin (new) 34 3 670
Aluminum Oxide (new) 36 1 190
Amylene Hydrate—Identification A, B, C (delete) 35 4 903
Ascorbyl Palmitate—Identification B (add),

USP Reference Standards (add)
36 2 447

Benzalkonium Chloride—Identification A, Assay—Procedure 1,
Procedure 2, Organic Impurities—Procedure 1, Procedure 2,
USP Reference Standards

35 6 1496

Benzalkonium Chloride Solution—Definition, Identification A, D
(add), Assay—Procedure 1, Procedure 2, Alcohol Content (add),
Organic Impurities—Procedure 1 (add), Procedure 2 (add),
Acidity or Alkalinity (add), Alcohol Determination (delete),
Limit of Foreign Amines (delete), Labeling (add),
USP Reference Standards

35 6 1499

Betadex Sulfobutyl Ether Sodium (new) 36 2 447
Butylated Hydroxyanisole—Identification A, B (add), Assay 35 6 1503
Butyl Stearate (new) 35 6 1502
Calcium Propionate (new) 34 6 1517
Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium (new) 34 6 1519
Chitosan (new) 35 1 115
Corn Syrup (new) 33 6 1240
Cystine (new) 35 1 122
Desoxycholic Acid (new) 34 6 1523
Diethyl Sebacate (new) 35 5 1203
Egg Phospholipids (new) 33 4 703
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion—

Viscosity, Coagulum content
35 1 123

Ethylene Glycol and Vinyl Alcohol Graft Copolymer (new) 35 2 324
Fumaric Acid—Identification 35 3 598
L-Glutamic Acid, Hydrochloride (new) 35 5 1203
Hydrogenated Polydecene (new) 33 3 485
Hydroxypropyl Cellulose—Identification 35 1 124
Hydroxypropyl Cellulose (new)—Stage 4 Harmonization 35 3 672
Lactobionic Acid (new) 35 4 904
Anhydrous Lactose—Stage 4 Harmonization 35 4 1013
Methacrylic Acid Copolymer—Title change, Chemical information

(add), Definition, Identification B, Assay, Organic
Impurities—Procedure: Limit of Monomers, Viscosity,
Packaging and Storage, Labeling

35 4 905

Methacrylic Acid and Ethyl Acrylate Copolymer (new) 35 4 907
Partially-Neutralized Methacrylic Acid and Ethyl Acrylate

Copolymer (new)
35 5 1204

Methacrylic Acid and Methyl Methacrylate Copolymer (new) 35 4 909
Methylacrylic Acid Copolymer Dispersion—Packaging and storage,

Viscosity, Limit of monomers, Coagulum content
35 1 124

Methylpyrrolidone (new) 35 5 1205
Light Mineral Oil—Neutrality 33 5 972
Nitrogen—Identification; Assay; Inorganic Impurities—

Carbon Monoxide, Limit of Oxygen; Odor; Packaging and
Storage; Labeling

35 4 910

Nitrogen 97 Percent—Definition; Identification; Assay; Inorganic
Impurities—Carbon Dioxide, Carbon Monoxide, Sulfur Dioxide,
Limit of Nitric Oxide and Nitrogen Dioxide; Packaging and Storage

35 4 911

Olive Oil—CAS number (add), Definition, Packaging and storage,
Identification (add), Fatty acid composition (add), Specific gravity
(delete), Cottonseed oil (delete), Peanut oil (delete), Sesame oil
(delete), Teaseed oil (delete), Absence of sesame oil (add),
Solidification range of fatty acids (delete), Free fatty acids (delete),
Acid value (add), Peroxide value (add), Unsaponifiable matter
(add), Specific absorbance (add), Iodine value (delete),
Saponification value (delete), Water (add), Alkaline impurities (add),
Sterol composition (add)

35 1 126
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Peanut Oil—CAS number (add), Definition, Labeling (add),
Identification, Specific gravity (delete), Cottonseed oil (delete),
Solidification range of fatty acids (delete), Free fatty acids (delete),
Acid value (add), Peroxide value (add), Iodine value (delete),
Saponification value (delete), Refractive index (delete),
Heavy metals, Water (add), Alkaline impurities (add),
Other requirements (add)

34 6 1525

Poloxamer—Packaging and storage, USP Reference standards (add),
Identification (add), Limit of free ethylene oxide, propylene
oxide, and 1,4-dioxane

33 4 714

Polydextrose—Assay, Organic Impurities—Procedure 2: Limit of
Monomers, Molecular Weight Limit, USP Reference Standards

35 5 1206

Hydrogenated Polydextrose (new) 35 5 1210
Polyethylene Oxide—Chemical structure (add), Definition,

Identification B, Labeling
36 1 191

Polyglyceryl 3 Diisostearate (new) 36 2 451
Polyoxyl 15 Hydroxystearate (new) 35 1 128
Polyoxyl Stearyl Ether—Chemical information, Identification C (add),

Organic Impurities, USP Reference Standards
35 6 1504

Polypropylene Glycol Monolaurate—USP Reference standards,
Identification

34 1 140

Polyvinyl Acetate (new) 34 6 1526
Polyvinyl Acetate Dispersion (new) 35 1 134
Propylene Glycol Dilaurate—Chemical information, Identification A,

Assay
35 3 599

Hydrogenated Starch Hydrolysate (new) 35 1 136
Succinic Acid—Identification, USP Reference Standards (add) 36 2 453
Sucrose Palmitate (new) 35 2 326
Sucrose Stearate (new) 35 2 328
Tagatose (new) 30 5 1672
Tartaric Acid—Identification B, USP Reference Standards (add) 35 5 1212
Tetrafluoroethane (new) 31 6 1672
Triethyl Citrate—Assay, Acidity 35 6 1505
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Proposed Revisions and New Text Previously Presented in PF but Now Canceled
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF36(1)–PF 36(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
{Atorvastatin Calcium—Content of calcium (add) 35 1 66
Cyclosporine Capsules—Where Capsules contain liquid

and are not labeled as modified, Where Capsules are labeled
as modified

27 4 2721

Estradiol Transdermal System—Drug release (add) 33 2 225
Ethinyl Estradiol Tablets—Dissolution (add) 31 4 1067
Heparin Sodium (entire submission) 33 3 238
{Human Acellular Dermal Matrix (entire submission) 35 3 558
Mirtazapine Orally Disintegrating Tablets—Related

compounds (add)
33 6 1189

Nateglinide—Specific rotation (add) 34 6 1463
Permethrin Cream (entire submission) 32 4 1102
{Promethazine Hydrochloride and Codeine Phosphate

Oral Solution—Microbial Enumeration Testsh61i
and Tests for Specified Microorganisms h62i (add)

35 2 292

{Promethazine and Phenylephrine Hydrochloride Oral
Solution—Microbial Enumeration Tests h61i and
Tests for Specified Microorganismsh62i (add)

35 2 298

{Telmisartan—Heavy Metals 35 3 580
Tromethamine—Melting Range or Temperature 35 2 316

USP General Test Chapters
{h111i Design and Analysis of

Biological Assays (entire submission)
34 3 685

h197i Spectrophotometric Identification Tests
(entire submission)

35 1 152

{h725i Topical and Transdermal Drug Products—Product
Performance Tests (entire submission)

35 3 615

h851i Spectrophotometry and Light-Scattering
(entire submission)

35 1 157

h853i Fluorescence Spectroscopy (entire submission) 34 5 1252
h854i Mid-Infrared Spectroscopy (entire submission) 34 5 1266
h857i Ultraviolet-Visible Spectroscopy (entire submission) 34 5 1282
h921i Water Determination (entire submission) 34 3 761

USP General Information Chapters
{h1235i Vaccines for Human Use—General Considerations

(entire submission)
34 5 1297

h1251i Weighing on an Analytical Balance
(entire submission)

33 4 756

h1251i Weighing on an Analytical Balance—Introduction,
Qualification, Operation of the Analytical Balance

35 2 448

h1251i Weighing on an Analytical Balance—Introduction 34 3 798

{New cancellations in PF 36(3).
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STAGE 4 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). Stage
4 drafts are available for comments. Below are descriptions of the developmental Stages as defined by the United States
Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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STAGE 6 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). This
section includes Stage 6 adopted text which is provided for information. USP cannot incorporate public comments at
Stage 6 without consulting PDG partners. Below are descriptions of the developmental Stages as defined by the United
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each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.
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including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an
Expert Committee publishes an article on which they are specifically seeking comment, this will be clearly stated in the
article. Readers may submit comments on issues raised in this section, but comment is not as critical as that for the In-
Process Revision section. Readers interested in submitting comments should see Instructions to Authors.
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STIMULI TO THE REVISION PROCESS
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other
commentaries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Phar-
macopeial Forum under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understand-
ing that they have not been published previously in any language or medium and that they are not simultaneously
under consideration by any other publication.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and
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Generalized Simplified Approaches for Mass Median Aerodynamic
Determination

J. David Christopher, Monisha Dey, Merck; Svetlana Lyapustina, DBR; Jolyon P. Mitchell, Trudell Medical International; Terrence P.
Tougas, Boehringer Ingelheim; Mike Van Oort, Helen Strickland, GlaxoSmithKline; Bruce Wyka, SpiraPharma Consultinga

ABSTRACT This Stimuli article proposes generalized simplified approaches for determination of the mass median
aerodynamic diameter (MMAD) of the mass-weighted aerodynamic particle size distribution (APSD) for orally inhaled
product (OIP) aerosols. Currently, the method for MMAD determinations recommended by US Pharmacopeia (USP)
general chapter Aerosols, Nasal Sprays, Metered-dose Inhalers, and Dry Powder Inhalers h601i assumes an underlying log-
normal distribution of particle sizes. APSDs of many OIPs do not meet this criterion, so alternative and more general
methods for calculating MMAD should be considered. An extensive OIP APSD database has been assembled by the
International Pharmaceutical Aerosol Consortium on Regulation and Science (IPAC-RS) and covers a range of APSD
characteristics. This database shows that both the Chapman–Richards (CR) and Mercer–Morgan–Flodin (MMF)
models—as well as the linear 2-point interpolation of data points straddling the 50th mass percentile—all yield
MMADs that are in good agreement with each other. These estimates of MMAD also more accurately fit the
observed data than do values derived using the USP method. The described approaches neither require log-
transformation of the data nor rely on underlying assumptions about the form of the APSD other than requiring
that the distribution be uni-modal. True log-normal distributions are also adequately addressed by any of the
proposed generalized approaches.

INTRODUCTION

The aerodynamic diameter (Da) of an airborne drug
particle is a key attribute that determines its regional dep-
osition in the lung, which in turn affects the inhaled drug
product’s safety and efficacy. (See the Appendix for a list
of commonly used abbreviations.) Two particles may dif-
fer in their shape, size, and/or density and still be aerody-
namically indistinguishable because they have similar
behavior in a moving air stream. Multistage cascade im-
pactors (CIs) or the multistage liquid impinger (MSLI) are
recommended for measuring the range of aerodynamic
diameters associated with drug particles emitted as an
aerosol upon actuation of an OIP (1, 2).

The MMAD and the associated geometric standard de-
viation (GSD) of OIP-generated aerosols have tradition-
ally been applied as two descriptive statistics to
characterize the central tendency and spread, respective-
ly, in APSDs (1–3). Although the US Food and Drug Ad-
ministration does not view these metrics by themselves
as adequate for quality control (QC) purposes (4), they
may be useful during product development. Because of
their pharmacopeial status, the pharmaceutical industry
continues to determine them on a routine basis as refer-
ence summary statistics for APSD data.

The USP method for calculating MMAD, either graphi-
cally or computationally, assumes that the distribution of
the mass-weighted (i.e., percent mass, normalized) raw
data has the same form as a log-normally distributed ran-
dom variable. The pharmacopeial method does not pro-
vide an alternative approach when the distribution fails
to meet this criterion. If there are significant deviations

from log-normality, performing a linear regression over
the entire dataset could result in considerable bias de-
pending on where and by how much such deviations
from log-normality occur. Further, the graphical ap-
proach described in the compendial method is based
on the visual fit of a straight line to data manually plotted
on log-probability paper. Manual plotting of an APSD is
time consuming, and the fit to the data can be subjec-
tive. The computational compendial approach, which
typically employs statistical software or a spreadsheet
to perform least-squares regression to fit the model to
the observed data, potentially can eliminate the error
caused by subjectivity. In either case, however, if the un-
derlying assumptions about the form of the APSD are not
met, the MMAD determination (even by regression ana-
lysis) will be biased to an unknown extent depending on
the nature and degree of deviation from the assumed
model.

It is possible to fit the cumulative mass-weighted distri-
bution curve to the observed data without assuming a
particular underlying distribution form. Two such com-
putational approaches have been investigated and are
presented in this assessment of existing APSD data for
several different types of OIP: HFA suspension metered-
dose inhaler (pMDI); HFA solution pMDI; CFC suspension
pMDI; device-metered dry powder inhaler (DPI); and
pre-metered DPI. In addition, this article presents a
simple-to-perform procedure based either on a manual
plot or on an algebraic procedure that involves interpo-
lation of the two points on the cumulative distribution on
either side of and nearest to the 50th mass percentile
value. This article evaluates the four approaches for
determining MMAD, including the compendial method.

a Correspondence should be addressed to: Kahkashan Zaidi, PhD, Sen-
ior Scientist, US Pharmacopeia, 12601 Twinbrook Parkway, Rockville,
MD 20852-1790; tel. 301.816.8269; e-mail kxz@usp.org.
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METHODS

General

Cumulative mass-weighted APSDs were calculated tak-
ing examples from the extensive, blinded IPAC-RS data-
base of CI and MSLI measurements for OIPs (initially
collected in 2000 and updated in 2008) (5). The selected
APSD profiles were evaluated using the following meth-
ods, using the effective cut-off diameter (ECD) based on
calibration of each stage and assigned in the compendia
to the appropriate measuring system:
1. USP h601i log-normal model
2. Mercer–Morgan–Flodin (MMF) APSD sigmoid curve

fit (6)
3. Chapman–Richards (CR) APSD sigmoid curve fit (7)
4. Two-point linear interpolation of raw data adjacent

to and lying on either side of the 50th mass percen-
tile of the APSD.

Because the USP method requires a cumulative per-
cent mass distribution, all four methods were compared
on this basis even though the alternative methods could
be applied to a nonnormalized cumulative mass distribu-
tion.

Analysts should be careful not to confuse particle size
distributions and statistical error distributions. For instance,
the USP log-normal model is not based on a log-normal
statistical distribution. The USP approach assumes that
the cumulative percent mass distribution of the sized par-
ticles has the same form (i.e., shape) as the cumulative
distribution curve from a random variable with a log-
normal distribution. Under this assumption, a linear rela-
tionship exists between the log-transformed ECDs and
the transformation of the cumulative percent mass to a
standard normal z-score. Unless noted otherwise, refer-
ences to distributional assumptions in this article apply
only to the form of the particle size distribution and
not to any characteristics of the error component of a
random variable.

The MMF and CR models are based on fitting the ob-
served data to a sigmoid curve without the transforma-
tion/linearity constraint. Therefore, the MMF and CR
models are a more general case, and the USP model is
a subset. A consequence of imposing the unnecessary
constraint of the USP approach is that if its underlying as-
sumption is incorrect, there will be an additional lack of
fit between the predicted curve and the observed data
because of an incorrect model. The only assumption
for the MMF and CR approaches is that the particle size
distribution is uni-modal and therefore has a sigmoid or
single-inflection-point cumulative percent mass curve.

Goodness-of-fit for each of the methods was measured
by the residual sum of squares between observed results
and the fitted curves of non-transformed data, regardless
of which statistical model was used to obtain the fitted
curve. The mean square error derived from an analysis
using a particular statistical model is typically used for
goodness-of-fit assessment. However, this approach can-
not be used to directly compare USP vs the other meth-
ods because the USP method uses log-transformed data
and the other methods use non-transformed data. All of

the alternative methods should be applied to non-
transformed raw APSD data because these models are
based on the cumulative mass distribution and not a
transformation of this distribution.

USP h601i Log-normal Model

Normal probability z-scores were calculated for each
cumulative proportion for the standard approach for
MMAD determination, as outlined in USP h601i. Linear
least-squares regression was used to fit the z-scores to
the log10 of the CI/MSLI ECDs. The largest sized stage,
which has a cumulative proportion of 1, was included
in the total used to calculate the cumulative proportions.
But this stage was not used in this model fitting because
the z-score for 1 is infinity. Therefore, the log-probability
plots have one less data point than do the cumulative
plots. The MMAD given in Eq. 2 was determined by solv-
ing the fitted data for the size corresponding to the 50th
mass percentile, which corresponds to a z-value of zero,
and using Eq. 1 with constant terms b0 and b1 derived
from the linear regression. The fitted line was trans-
formed back into original-scale ECDs for comparison
with other fitted models.

MMF and CR Models

MMAD was also determined using the MMF and CR
nonlinear regression models given by Eq. 3 and 4, re-
spectively, to fit the observed data to a sigmoid curve.
Y and X represent the ordinate and abscissa: cumulative
mass % less than the stated size and aerodynamic diam-
eter, respectively. The MMF model, more commonly
known as the Hill Equation or 4-parameter logistic mod-
el, can be reduced to 2 parameters because the cumula-
tive percent mass curve is constrained by 0 and 100 at its
extremes. However, for this article we have applied both
MMF and CR models using all 4 parameters. Using a 4-
parameter model allows fits of asymptotes of less than 0
and greater than 100. Because the data considered here
are constrained, by definition, to within these ranges,
this should have no effect on the estimation of the
50th percentile.

When 4-parameter models are used to model APSD
data, the number of CI stages must be at least 5, based
on the number of unknown fitting parameters (a, b, c,
and d) in the chosen model.
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Because these models can be fit using commonly avail-
able software and because many analytical chemists can
program nonlinear regression, it seems unreasonable to
continue to use the USP approach simply because it can
be implemented in an Excel spreadsheet. As with any
model building, issues regarding convergence or oscilla-
tions can be resolved with typical model-building prac-
tices (e.g., by trying different starting values). For the
results presented here, SAS v9 PROC NLIN (SAS Institute
Inc., Cary, NC, USA) was used with the Gauss–Newton
iterative method. Appropriate starting values were deter-
mined to ensure convergence. In some cases, depending
on the particular software implementation, the CR model
may require more iterations than the MMF model.

Two-point Manual Interpolation

The MMAD is the ECD corresponding to the 50th per-
centile of the cumulative mass-weighted distribution of
the APSD, regardless of the actual distribution. By defini-
tion, the cumulative mass-weighted distribution is the

cumulative mass percentile as a function of the (non-
transformed) ECDs. The only reason for transforming
the ECDs would be to calculate these descriptive statistics
under the assumption of some underlying distribution.
The ECD50, or MMAD, can be estimated directly by linear
interpolation of the (non-transformed) cumulative mass-
weighted distribution between data points representing
the two cumulative mass percentiles on either side of the
50th percentile. (Using non-transformed data is appro-
priate for any distribution, including log-normal.) In this
study, the two-point interpolation was accomplished
with a simple algebraic calculation that does not require
least-squares regression.

RESULTS

The observed results and fitted APSD curves derived
from the compendial method vs the three alternative ap-
proaches are presented in Figures 1–5. Each panel in Fig-
ures 1–5 represents typical results from a single impactor
run for a particular product. Each of the products is iden-
tified both by a case number (1 through 9) and by its
unique file code in the database (w9kw01, w9k001,
w9j601, w9k201, w9j901, w9j801, w9jk01, w9k901,
and d0pi08).

In Figures 1–5, reference lines at 2.5 mm and at the 50th
percentile of the cumulative distribution are included to
facilitate comparison of the curve shapes for the different
products. The inset plots are presented to show the pat-
tern of observed results relative to the regression line
from the USP method.
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Figure 1. Cumulative APSD and Fitted Distributions for Two CFC Suspension pMDIs.
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Figure 2. Cumulative APSD and Fitted Distributions for a CFC Suspension pMDI (Top Panel) and for an HFA Suspension pMDI
(Bottom Panel).
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Figure 3. Cumulative APSD and Fitted Distributions for an HFA Suspension pMDI (Top Panel) and an HFA Solution pMDI (Bottom
Panel).
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Figure 4. Cumulative APSD and Fitted Distributions for Two Device-metered DPIs.
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Calculated MMAD values using the different ap-
proaches are summarized in Table 1. The descriptive sta-
tistics identified in the second column and defined in the
subsequent columns of this table refer to the distribution
of the number of N separate MMAD determinations for a

given OIP, not to characteristics of the individual APSDs.
In each instance, both the mean and the median values
were determined to indicate that the distribution of cal-
culated MMADs is relatively symmetric (i.e., mean �
median value).

Figure 5. Cumulative APSD and Fitted Distributions for a Premetered DPI.

Figure 6. Distribution of MMAD Values as Calculated by Each of the Four Methods for Each of the Studied Products (Identified by
Their File Codes).

STIMULI TO THE REVISION PROCESS
Pharmacopeial Forum Stimuli articles do not necessarily reflect the policies

Vol. 36(3) [May–June 2010] of the USPC or the USP Council of Experts 819

#2010 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

S
tim

uli
to

the
R

evision
P

rocess



Figure 6 presents a box-and-whisker plot of the
MMADs calculated by each of the four methods for each
product. Figure 7 demonstrates the goodness of fit by
means of a box-and-whisker plot of residual sums of
squares (between observed data and fitted curves on
non-transformed data—not the residual sum of squares
from statistical analysis of each method). In both Figures
6 and 7 the edges of the boxes are at the 25th and 75th
percentiles of each distribution (the interquartile range);
the central horizontal line in each box is drawn at the

50th percentile (median); the vertical lines (or whiskers)
extend from the box as far as the data extend, to, at
most, 1.5 times the interquartile range; and the more ex-
treme data values are represented by crosses.

Figure 6 further illustrates the apparent bias introduced
by the USP method for most product types: The central
horizontal line for the USP method (represented by the
left-most box within each group of boxes) lies lower than
for the three alternative methods.

Table 1. Summary of MMAD Determinations

Product Type
(N of CI Runs)
Case number (code)

Summary
Statistics of
MMAD
Distributions
(Not of APSD)

MMAD

USP h601i
MMF
Model

CR
Model

2-point
Interpolation

CFC Suspension
(N = 272)
Case 1 (w9kw01)

Mean
SDa

Median

2.78
0.11
2.78

2.86
0.13
2.88

2.88
0.14
2.90

2.93
0.13
2.95

CFC Suspension
(N = 272)
Case 2 (w9k001)

Mean
SD
Median

3.51
0.15
3.51

3.54
0.12
3.54

3.55
0.12
3.56

3.61
0.13
3.62

CFC Suspension
(N = 43)
Case 3 (w9j601)

Mean
SD
Median

2.03
0.08
2.05

2.48
0.15
2.52

2.51
0.16
2.56

2.55
0.15
2.59

HFA Suspension
(N = 80)
Case 4 (w9k201)

Mean
SD
Median

3.65
0.18
3.65

3.80
0.18
3.82

3.83
0.18
3.85

3.88
0.18
3.90

HFA Suspension
(N = 39)
Case 5 (w9j901)

Mean
SD
Median

2.09
0.17
2.12

2.57
0.26
2.63

2.62
0.27
2.66

2.63
0.25
2.69

HFA Solution
(N = 201)
Case 6 (w9j801)

Mean
SD
Median

1.36
0.22
1.38

1.46
0.31
1.45

1.48
0.31
1.47

1.51
0.31
1.53

DPI (Device Metered)
(N = 279)
Case 7 (w9jk01)

Mean
SD
Median

2.02
0.11
2.02

2.43
0.11
2.44

2.47
0.11
2.48

2.51
0.11
2.52

DPI (Device Metered)
(N = 279)
Case 8 (w9k901)

Mean
SD
Median

2.18
0.13
2.17

2.59
0.12
2.60

2.63
0.12
2.63

2.66
0.11
2.67

DPI (Premetered)
(N = 384)
Case 9 (d0pi08)

Mean
SD
Median

3.37
0.08
3.39

3.38
0.06
3.40

3.39
0.06
3.40

3.40
0.07
3.42

aSD = standard deviation.
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Figure 7. Distribution of the Residual Sums of Squares between the Observed Data and the Fitted Curve (on Non-transformed Data)
for Each of the Four Methods for Each of the Studied Products (Identified by Their File Codes).

Figure 7 illustrates the poor ability of the USP method
to fit the observed data (demonstrated by the long whis-
kers of the left-most box within each group of boxes)
compared to the two alternative sigmoid curve-fitting
methods. (For the 2-point method, there is no lack of
fit to the observed data.)

DISCUSSION

The key observations from these analyses are that
� although some APSDs could be reasonably well ap-

proximated by a log-normal distribution, many
other APSDs cannot, and

� there is no correlation between the distribution type
and a product/formulation type.

For example, of the three CFC suspension pMDIs
(Cases 1, 2, and 3), the first product produces aerosol
with an APSD that is almost perfectly log-normal. The
second and third products, however, exhibit increasing
deviation from log-normality (Figures 1 and 2). The
MMAD determined for this first product was essentially
the same regardless of the method used, but for Cases
2 and 3 the USP method increasingly underestimated
the MMAD compared to the alternative methods (Figure
6). The fit to data of the USP method was reasonably
good for Case 1 but progressively worse for Cases 2
and 3 (evidenced by the long whiskers in Figure 7).

Similarly, of the two HFA suspension pMDIs, Case 4
was better approximated by a log-normal distribution
than Case 5 (Figures 2 and 3). Correspondingly, the un-
derestimation of the MMAD by the USP method was
greater for Case 5 (Figure 6) and the fit to data worse (Fig-
ure 7) compared to the alternative methods that agreed
well for Case 4 and Case 5.

The two device-metered DPIs both showed a relatively
similar deviation from log-normality (Figure 4), and the
USP method similarly underestimated the MMAD (Figure
6) and similarly showed a poor fit to data (Figure 7) com-
pared to the alternative methods.

There was only one HFA solution and only one pre-
metered DPI formulation in this analysis, so within-
product-type comparisons are not possible in these
classes. For both of these products, however, the USP
method gave a worse fit to the data and a slightly under-
estimated MMAD compared to the alternative methods.

These results indicate that log-normality appears to be
an exception rather than a rule for orally inhaled prod-
ucts. On this basis log-normality should not be assumed
without close examination of the data. Otherwise, using
the USP method based on the unsupported assumption
likely would lead to a poor fit to the data and conse-
quently to a biased estimation of the MMAD depending
on the degree and nature of the deviation. The current
USP approach gives equal weighting to the extremes of
the APSD where very little drug is recovered and where
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assay variability is high compared with the central por-
t ion. Thus the current USP approach amplifies
precision-related error in the calculated MMAD.

This broad assessment across the major inhaler types
revealed that MMAD estimates using the USP method
may be offset by as much as 0.5 mm compared with
the three alternative methods, which by contrast were
in good agreement with the observed data and with
each other. The true MMAD values appear to be better
captured by methods that avoid an underlying assump-
tion of a model distribution form. Even the simple alge-
braic derivation of MMAD by interpolation between the
two data points closest to and on either side of the 50th
mass percentile is likely to be more accurate than the use
of the USP method.

As an aside, it appears that many common regulatory
metrics (e.g., fine and coarse particle subfractions) could
be readily extracted from the fitted models. Furthermore,
the curve-fitting parameters associated with both the
MMF and CR models could in principle serve as quality
metrics for OIP APSDs. Although their connection to clin-
ical outcomes is unclear, these parameters or the derived
subfraction metrics potentially could be used for moni-
toring small changes in APSD and for improving the
decision-making process during product development
or for QC. With an understanding of clinically important
APSD features, appropriate metrics derived from the
fitted models could also be used for in vitro equivalence
comparisons of APSDs from, for example, an innovator
(i.e., Reference) vs a generic or modified (i.e., Test) prod-
uct. Clinical experts must evaluate whether or not the
changes detected by these methods are of clinical impor-
tance, a discussion that is beyond the scope of this arti-
cle. Nevertheless, the increased precision of the
alternative methods in detecting APSD shifts, indicated
by the smaller magnitudes of their residual sum of
squares (Figure 7) provides tools capable of optimum sen-
sitivity to changes in APSD.

The two-point algebraic interpolation is more direct
compared with either of the nonlinear curve-fitting mod-
els, in part because the former does not require achieving
a convergence to the fit parameters for the model. The
good agreement of the 2-point interpolation approach
to complex models should not come as a surprise be-
cause it is applied here to fit the straight line over a very
specific range that is well described by a straight line. This
would not be the case if the 2-point interpolation were
used to estimate a percentile in the nonlinear portion
of the sigmoid curve.

Of the three alternative methods studied here, the 2-
point interpolation method may be the most attractive
because of its simplicity. This method, however, does
not provide any additional information other than an es-
timate of the MMAD. In contrast, the fitted curves (ac-
cording to the CR or MMF models) could be used to
calculate other metrics of interest as discussed above.

In summary, the USP method has the underlying lim-
itation that the form of the APSD distribution function is
assumed to be log-normal. None of the three discussed
alternative methods requires assumption of a model dis-
tribution. Moreover, the MMAD estimates by either the
CR or the MMF equation (with appropriate values of the

constant terms) will by definition coincide with the value
for MMAD obtained with the USP method in the event
that the APSD is truly log-normal. On this basis, there is
no need for special rules for applying or retaining the USP
method. Instead, either of the curve-fitting methods de-
fined in this article could be used regardless of whether or
not the APSD is log-normal if the intention is to make use
of all the data obtainable from a multistage CI. It could be
argued that the manual 2-point interpolation may pro-
vide the most accurate determination of MMAD for
many OIPs by eliminating contributions from either ex-
treme of the APSD where the mass of drug per stage is
likely to be at or near the limit of detection, with conse-
quent deterioration in the measurement precision.

The proposed approaches do not address GSD,
although, in principle, the models can allow estimation
of the APSD dispersion (e.g., by the interquartile range
or another appropriate metric). The usefulness of GSD
is limited. First, for a given product APSD changes typi-
cally involve a shift in location and shape but not in the
tightness of the distribution. Second, the GSD metric has
been judged inadequate by regulatory authorities (4).
The authors elsewhere propose alternative QC metrics
(8–11).

The alternative methods of determining MMAD from
OIP APSD measurements presented in this article may be
useful when a rapid test is needed to confirm whether or
not the APSD is shifting, e.g., during product or method
development. Even though MMAD is not considered an
adequate regulatory metric for QC purposes (4), the
knowledge acquired from observing MMAD shifts could
help track changes in the product or method perfor-
mance during development or investigations and may
assist in choosing appropriate QC specifications for
APSD. However, such MMAD determinations are not
meant to replace a full product aerosol characterization
study that is typically done during product development.

CONCLUSIONS

Many of the OIP aerosols, as illustrated by examples
taken from the IPAC-RS APSD database, indicate that true
log-normal behavior is generally the exception rather
than the rule. This outcome manifests itself as visible de-
viations from log-normality observed in log-probability
plots. Linear regression of the entire APSD derived from
a log-probability plot by the existing USP method can re-
sult in relatively large deviations in MMAD estimates
based on visual inspection of the observed data. These
deviations are apparent when USP results are compared
with the outcomes from the CR and MMF models that
take into account the sigmoidal shape of the cumulative
mass distribution of these APSDs. The investigation re-
ported here has further demonstrated that a simple 2-
point manual or algebraic interpolation of data points
on either side of the 50th mass percentile of the cumula-
tive APSD also yields MMAD values that more accurately
fit the observed data than do the corresponding values
derived from the USP method. When simplicity is impor-
tant, the 2-point interpolation, which provided MMAD
values consistent with those obtained from the more
complex nonlinear fitting approaches, may be the pre-
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ferred method. When the accuracy of the MMAD esti-
mate is critically important, the three alternative ap-
proaches discussed here may be preferable to the
current USP method, and USP solicits comments about
their ut i l i ty (e-mai ls to Kahkashan Zaidi , PhD,
kxz@usp.org).

APPENDIX

APSD aerodynamic particle size distribution
CFC chlorofluorocarbon
CI cascade impactor or cascade impaction
CR Chapman–Richards
Da aerodynamic diameter
DPI dry powder inhaler
ECD effective cut-off diameter
GSD geometric standard deviation
HFA hydrofluoroalkane
IPAC-RS International Pharmaceutical Aerosol

Consortium on Regulation
and Science

(p)MDI (pressurized) metered-dose inhaler
MMAD mass median aerodynamic diameter
MMF Mercer–Morgan–Flodin
MSLI multistage liquid impinger
OIP orally inhaled product
QC quality control
SD standard deviation
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A Light-obscuration Method Specific for Quantifying
Subvisible Particles in Protein Therapeutics

Shawn Cao, Yijia Jiang, and Linda Narhi, Formulation and Analytical Resources, Amgen, Inc.a

ABSTRACT The current compendial light-obscuration method used in procedures to analyze and control subvisible
particles was developed for small-molecule drug products delivered parenterally. The procedure often yields
irreproducible results when applied to drug products containing natural source or biotechnology-derived proteins
(protein therapeutics). This Stimuli article presents a modified light-obscuration method that can be used in
procedures to analyze and control subvisible particles in protein therapeutics. The method includes appropriate
sample handling, the ability to analyze volumes as small as 1 mL, and reporting of subvisible particles as small as 2
mm. Examples of the application of this method to procedures for protein therapeutics are included.

INTRODUCTION

Compendial procedures with methods for the quanti-
tation of subvisible particles (SbVPs) based on US Phar-
macopeia (USP) Particulate Matter in Injections h788i
and European Pharmacopoeia (EP) 2.9.19 (1–2) were de-
signed to control SbVPs for small-molecule products that
are delivered intravenously. The procedure relies first on a
light-obscuration (LO) method with isolation and micro-
scopic analysis for a secondary screen. This set of proce-
dures (LO followed by microscopic analysis) quantifies
particles in drug products, helping ensure patient safety
by preventing the acceptance of batches that contain
particles that may cause capillary occlusion. To this end
it specifies small-volume parenteral SbVP limits of 6000
particles/container at � 10 mm and 600 particles at
� 25 mm.

Since General Chapter h788i became official, the num-
ber of protein therapeutics has increased markedly. In the
absence of regulatory guidelines for SbVP testing of pro-
tein therapeutics, h788i procedures, methods, and limits
for small-molecule drug products are applied to protein
therapeutics delivered by multiple routes of administra-
tion. Of the two SbVP compendial methods (LO and mi-
croscopic analysis), LO is more applicable to biologics.
The microscopic method has not found wide use be-
cause of its subjective and labor-intensive nature and
concerns about protein-particle loss during the filtration
process.

In the case of protein therapeutics, in addition to the
presence of foreign particles in a drug product, SbVP can
also arise from protein self-association (aggregation).
During stability and freeze–thaw studies, protein aggre-
gation can cause an increase in the number of SbVP de-
tected in protein therapeutics, especial ly those
formulated at high concentration. In addition, manufac-
turers may also need to monitor trends in the formation
of SbVP smaller than 10 mm, the smallest size currently
addressed in h788i. Such information can be used to fol-
low changes in the drug product, helping guide product

development. The need to analyze SbVP in biological
products and to better understand their effects on prod-
uct safety and efficacy has been raised and discussed (3).
These discussions have focused on the need for a proce-
dure that assesses particles smaller than 10 mm. They
have noted that h788i does not adequately address all
measurement concerns related to SbVP in protein drug
products.

Beyond considerations of detection and limits, biolog-
ics present several technical issues that are not ade-
quately addressed by the current compendial LO
methods. These drug products are often delivered as vis-
cous, highly concentrated formulations that can trap air
bubbles if they are not handled properly. These air bub-
bles result in artificially high SbVP readings. During sam-
ple handling, proteins may also aggregate, or the protein
particles may break or agglomerate, and thus result in ar-
tificially altered SbVP measurements. For these reasons,
sample handling of protein therapeutics is critical to ob-
taining accurate SbVP values. Also, the sonication proce-
dure described in h788i for degassing is not appropriate
for biological samples, and degassing by letting sample
stand for 2 minutes is not always effective. Because pro-
tein therapeutics are typically manufactured in small
quantities, are delivered in very small volumes, and are
very expensive, early in development they are often not
available in the quantities required for analysis by proce-
dures based on methods in h788i.

Methods that are available for procedures to analyze
SbVP between 2 and 125 mm include LO, electrical sen-
sing zone, stand-alone microscopic or flow-based imag-
ing systems, and methods based on light scattering. All
of these methods have strengths and weaknesses and
could be included as parts of the analytical toolbox used
for characterizing SbVP (4–5). This article focuses on
modifications to the current compendial LO method
needed to make it applicable to protein therapeutics.
These modifications include sample handling, using
smaller volumes, and measuring smaller SbVP. The results
of studies to develop and assess the performance of this
modified method are described below.

a Correspondence should be addressed to: Desmond Hunt, PhD, Scien-
tist, USP, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; e-mail
dgh@usp.org.
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OBJECTIVES OF THE STUDY

Although several methods are available for analyzing
SbVP, LO currently is the only one that can reproducibly
quantitate SbVP with the throughput and consistency
necessary for a routine lot-release assay and demonstrate
compliance with current USP SbVP limits. Our objectives
in this study included developing a procedure based on
LO that can be used throughout the product lifecycle
from early development through lot release, stability,
and investigations. The procedure should be able to
monitor the propensity of a product to aggregate and
form SbVP of the active ingredient, especially at high
concentration. The procedure should include sample-
handling techniques that decrease both false positives
and false negatives and should facilitate monitoring of
particles < 10 mm because the information in this size
range is crucial for monitoring process and formulation
development and possibly can be predictive of genera-
tion of larger particles over time.

MATERIALS AND METHODS

Materials

Protein drug products and polystyrene latex (PSL)
spheres that are particle calibration and/or counting
standards were used in parallel for procedure develop-
ment and qualification. The protein therapeutics used
were three immunoglobulin G2 (IgG2) products in aque-
ous buffers. The PSL particle standards with certified
diameters and concentrations such as 15.0 � 0.1 mm at
2000 � 200 particles/mL were purchased from Thermo
Scientific (Waltham, MA).

Hardware

The experiments were performed using a 9703 liquid
sampler and an LO HRLD 150 sensor by Hach Ultra
(Loveland, CO). The instrument settings were as follows
unless otherwise specified:
� 1-mL syringe with small-bore probe
� Flow rate: 10 mL/min
� Draw volume: � 0.2 mL
� Size channels: � 2, 5, 10, 15, 20, 25, and 50 mm

The apparatus was calibrated using dispersions of PSL
particle calibration standards of known sizes between 1.3
mm and 100 mm.

Procedure

Unless otherwise specified, the procedure described
here is for a small-volume light-obscuration (SVLO)
method with a draw volume of 1 mL and was performed
as described below:

Single units of protein samples were tested individually
or were pooled as needed to obtain the appropriate sam-
ple volume. Gas bubbles were eliminated by vacuum
degassing at 75 Torr for 2 hours. In order to homoge-
neously disperse the particles, the contents were gently
mixed by swirling the container by hand 15 times succes-
sively immediately before analysis. For each test, four
portions (or draws or runs) of 1 mL each were removed
from the sample container by the LO instrument, and the
numbers of particles at designated sizes were counted.
The results from the first draw were discarded, and the
mean number of particles for the next three draws was
recorded. The cumulative numbers were reported.

Error bars and relative standard deviations (RSD) for
single tests were calculated from the mean and standard
deviation of the 3 draws/test, whereas RSDs for param-
eters that consisted of multiple tests (e.g., repeatability)
were calculated from the mean and standard deviation of
the multiple tests.

RESULTS AND DISCUSSION

Development and Qualification of the Proposed
SVLO Procedure

Sample Handling

Appropriate sample handling is needed to avoid false
positives that result from microbubbles trapped in the
solution and decreased particle counts that could occur
if particles settle before analysis. Figure 1 compares the
numbers of � 10-mm SbVP measured: 1) when the pro-
tein samples were degassed by allowing them to stand
under ambient conditions (as recommended in the com-
pendial method) or 2) by vacuum degassing at 75 Torr
for as long as 6 hours. Vacuum degassing decreased both
the number of particles measured and the variability of
the measurements. Particles were also found to settle
within minutes of mixing—the larger and heavier the
particles, the faster they settled. Therefore we instituted
a standard sample-handling procedure that consisted of
vacuum degassing for 2 hours at 75 Torr, followed by
gentle swirling by hand before analysis.

STIMULI TO THE REVISION PROCESS
Pharmacopeial Forum Stimuli articles do not necessarily reflect the policies

Vol. 36(3) [May–June 2010] of the USPC or the USP Council of Experts 825

#2010 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

S
tim

uli
to

the
R

evision
P

rocess



Figure 1. Comparison of the number of SbVPs� 10 mm in Protein A after either standing (left panel) or vacuum degassing at 75 Torr
(right panel) at ambient temperature at the times indicated. Plotted values are means � standard deviation based on 3 draws each.

Figure 2. Accuracy for � 10-mm particle measurement, determined using 15-mm PSL particle counting standards: 2000 (� 10%)
particles/mL (left panel) and for � 2-mm particle measurements determined using 5-mm PSL particle counting standards: 2000 (�
10%) particles/mL (right panel). The similarity between the SVLO method (with 1-mL draw volume) and the compendial method
(with 5-mL draw volume) is demonstrated. A 5-mL syringe was used for all experiments with 5-mL draw volume measurements.

Plotted values are means � standard deviation based on 3 draws each.

Method Assessment

The procedure was assessed as a quantitative method
for SbVP of � 2-mm, � 10-mm, and � 25-mm particles.
The inclusion of other particle sizes between 2 and 50
mm was also assessed. The goal of the assessment was
to evaluate the performance characteristics of the SVLO
method. Protein solutions were employed for the linear-
ity and precision experiments, and PSL particle counting
standards were used in parallel. Procedure accuracy was
determined using PSL particle-counting standards with
certified concentrations and sizes because no appropri-
ate protein particle standards are available.

The particle-count accuracy obtained for the � 2-mm
and � 10-mm sizes are shown in Figure 2. PSL particle
counting standards (5 and 15 mm, respectively) that
are greater than the lower size limits were used, and in
both cases the results were well within the certified con-
centrations (2000 particles/mL � 10%) of these stan-
dards. The results obtained with the 1-mL draw volume
used in the SVLO and the 5-mL draw volume used in the

compendial procedure were similar. Similar results were
also obtained for the � 25-mm measurement using the
30-mm PSL particle-counting standards.

The refractive index difference between the PSL cali-
bration spheres and the test particles plays an important
role in the robustness of the procedure. The effect can be
evaluated by comparing the extinction efficiency (a func-
tion of particle size and refractive index, light wave-
length, and solvent refractive index) of the test particle
vs that of the calibration particle. When the size of lipid
particles was determined by LO, the refractive index dif-
ference between the polystyrene calibration spheres and
test particles affected the apparent size of particles < 5
mm, but above 5 mm the refractive index differences are
of less concern (6). In general, for large particles (� 10
mm) the effect of the refractive index difference on the
extinction efficiency and sizing accuracy is insignificant,
but at smaller sizes, particularly at the lower end of the
size range for LO, that effect potentially becomes impor-
tant.
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In the case of protein particles, because the refractive
index value (n � 1.5–1.6) differs from that of the poly-
styrene calibration spheres to an even lesser extent than
from that of the lipid emulsion particles, this poses less of
a concern. In addition, multiple testing results on protein
samples typically yield < 10% RSD at 2 mm, a precision
that is acceptable for particle-quantitation purposes. Be-
cause of differences in the optical properties and mor-
phology between PSL particle-counting standards and
protein particles, the sizing and counting results ob-
tained from an LO instrument calibrated with PSL
particle-counting standards cannot be extrapolated with
confidence to the counting accuracy for quantifying and
sizing protein particles. Therefore quantification results
for protein particles may not be absolute. For this reason,
method precision rather than the absolute accuracy is
the more useful parameter for assessing the performance
of a method for protein particle analysis, especially when
one compares the same protein product from different
lots or from stability studies.

Figure 3 demonstrates that the SVLO method has good
repeatability for the PSL particle-counting standards at
200 particles/mL and protein samples at 75 particles/
mL for� 10-mm particles. The difference in SbVP concen-
tration in the samples may affect the RSD of the measure-
ment. As long as the number of particles is below the LO
sensor saturation level, higher particle concentrations
generally result in lower RSDs.

The intermediate precision of the method was deter-
mined using both PSL particle-counting standards and
protein samples on two instruments at different dates
by three different analysts. The results, shown in Figure
4, demonstrate good intermediate precision. The repeat-
ability and intermediate precision results demonstrate
that the SVLO results are precise and reliable and can
be used for comparisons between samples of the same
protein.

Figure 3. Repeatability for � 10-mm particles determined with the 10 � PSL particle-counting standards (203 � 14 particles/mL, left
panel) and for protein sample (76� 7 particles/mL, right panel). Plotted values are means� standard deviation based on 3 draws for
each test; the number above each bar is the mean. The %RSDs are 8, 4, 1, 10, 6, 7, 2, 3, and 10 for the 9 PSL tests on the left, and 2,

20, 10, 12, 4, 12, 17, 6, and 8 for the 9 protein tests on the right, respectively.

Figure 4A. Intermediate precision (205 � 8 particles/mL) obtained for � 10-mm particle measurements, using 10 � PSL particle-
counting standards. The red lines denote the dilution target concentration of 200 particles/mL. Plotted values are means� standard

deviation based on 3 draws each; number above each bar is the mean.
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Figure 4B. Intermediate precision (81 � 9 particles/mL) obtained for � 10-mm particle measurements, using a protein sample.
Plotted values are means � standard deviation based on 3 draws each; number above each bar is the mean.

Figure 5A. Linearity determined using the 15-mm PSL particle-calibration standards.
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The linearity of the method was determined using
both PSL particle-counting standards and a protein sam-
ple and was found to have R2 > 98% for both types of

samples, as shown in Figure 5. The results from the com-
plete assessment of the procedure are summarized in Ta-
ble 1.

Figure 5B. Linearity determined using sequential dilution of a protein sample.

Table 1A. Results from the assessment of the SVLO method with PSL particle calibration and counting
standards (draw volume = 1 mL and sample volume/test = 5 mL).

Performance
Characteristics Qualification Result

Specificity 1. No interference from sample matrices

Accuracy 1. 5-mm standard:
certified concentration: 2000 � 10% particles/mL
measured concentration: 2063 � 14 particles/mL

2. 15-mm standard:
certified concentration: 2000 � 10% particles/mL
measured concentration: 2002 � 30 particles/mL

3. 30-mm standard:
certified concentration: 2000 � 10% particles/mL
measured concentration: 1926 � 7 particles/mL

Precision (repeatability) 1. 3-mm standard, 5000 particles/mL: RSD = 0.6%
2. 3-mm standard, 500 particles/mL: RSD = 3.1%
3. 15-mm standard, 2000 particles/mL: RSD = 1.2%
4. 15-mm standard, 200 particles/mL: RSD = 6.9%
5. 30-mm standard, 2000 particles/mL: RSD = 2.4%
6. 30-mm standard, 20 particles/mL: RSD = 9.5%

Precision (intermediate
precision)

1. 3-mm standard, 1000 particles/mL: RSD = 1.0%
2. 15-mm standard, 200 particles/mL: RSD = 3.9%
3. 30-mm standard, 20 particles/mL: RSD = 9.5%

Linearity and Range 1. 3-mm standard: 10–18,000 particles/mL, R2 = 0.9991
2. 15-mm standard: 10–18,000 particles/mL, R2 = 0.9993
3. 30-mm standard: 10–18,000 particles/mL, R2 = 0.9975

Robustness (with product) 1. Degassing duration and sample stability
2. Exposure to air after degassing
3. Particle settling
4. Effect of solution color
5. Effect of solvent evaporation
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Table 1B. Results from the assessment of the SVLO method with a protein product.

Performance
Characteristics Qualification Result

Specificity 1. No interference from sample matrices

Accuracy (with standards) N/A

Precision (repeatability) 1. RSD = 9.2% with 76 particles/mL at � 10 mm particles

Precision (intermediate
precision)

1. RSD = 11.1% with 81 particles/mL at � 10 mm

Linearity and Range 1. R2 = 0.9848 with � 10 mm particles

Robustness 1. Degassing duration and sample stability
2. Exposure to air after degassing
3. Vial-to-vial variation
4. Vial vs pooled sample
5. 1-mL vs 5-mL sampling volume

These results demonstrate that the SVLO method per-
forms accurately and reproducibly and gives results that
are comparable to those of the compendial method
when the modified sample-handling procedure is used.
The SVLO method not only can be used to determine
the numbers of� 10-mm particles, but it can also be used
to measure particles in the 2- to 10-mm range. As ex-
pected, the variability increases as particle concentration
decreases. The SVLO method is capable of reproducibly
counting particle concentrations between approximately
10 and 18,000 particles/mL. Because of statistical sam-
pling error, GMP-manufactured protein therapeutics typ-
ically contain too few (< 10 particles/mL) > 100-mm
particles to be quantified precisely. But these visible par-
ticles can be assessed by different methods, especially vis-
ual inspection. Particles below 2 mm are too small to be
counted due to limitations of the LO technique.

Reduced Sample Volume

Although the results reported above were obtained
from the SVLO procedure with a draw volume of 1 mL
(for a total sample volume of approximately 5 mL/test),
it is possible to reduce the draw volume even further, to
as low as 0.2 mL (the smallest volume permitted by the
instrument) for a total sample volume of only 1 mL/test.
For products with a fill volume of 1–5 mL, it is possible to
test the product units individually with an appropriate
SVLO method such as a method consisting of 4 draws
in which each draw consists of 20% of the fill volume.

The results from the first draw are discarded, and the
readings from the next 3 draws are averaged and re-
ported.

The performance of an SVLO procedure must be veri-
fied for a specific product. A key aspect of procedure per-
formance is draw-to-draw consistency—the last 3 draws
need to produce consistent results (should plateau). As
demonstrated in Figure 6, although the 1-mL SVLO meth-
od (with a 0.2-mL draw, processed as described above)
gave reasonable results for product B it did not work as
well for product A. The results of the second draw were
significantly different from those of the last two, and
when averaged together, the result would not only dis-
play large variability (RSD) but would also be inaccurate.
This phenomenon can be attributed to factors such as
differences of refractive index, viscosity, miscibility of
the incoming sample with the existing fluid (often water)
in the liquid path of the instrument, and interactions with
the inner surface of the sensor and probe. Procedures to
address this include increasing the sampling volume
(e.g., larger draw volume, tare, or more draws), or pre-
rinsing with the sample solvent. When these options are
neither available nor practical (e.g., limited by sample
availability), one may choose to average only the runs
that have reached plateau, such as the last 2 runs in
the left panel in Figure 6. The development of an LO
procedure specific for very low volumes is discussed in
more detail in a companion paper submitted to EP (7).
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Figure 6: Draw-to-draw consistency of an SVLO method (with a 0.2-mL draw volume) for 2 protein products. The last 3 draws are
consistent for product B (right), but they are not for product A (left), for which draw number 2 is significantly higher than the next 2.

Another way to address the issue of using small vol-
umes is to fundamentally change how an LO measure-
ment is done. Instead of multiple discrete draws of
finite volume, analysts could pass the entire sample
through the sensor in a single continuous draw during
which the particle concentration is reported simulta-
neously, generating a concentration-vs-volume profile
that would be analogous to a chromatogram but with
a plateau. The plateau would correspond to the region
for particle concentration determination. This would al-
low the total sampling volume to be reduced, possibly
even to < 1 mL, as long as a plateau is reached. Currently
such an option is not available commercially.

Application of the SVLO Method

One of the goals of developing the SVLO method was
to enable monitoring of SbVP < 10 mm during product
development and characterization. In order to assess
the utility of the method for these applications, we used
it to monitor the effectiveness of filtration steps during
the processing of an IgG2 protein. The results are shown
in Table 2. The number of � 10- and � 25-mm particles
was low (< 10 particles/mL) with high RSDs, which makes
precise comparison of these results difficult. If these were
the only particles monitored it would appear that the fil-
tration had little effect. But when changes in the popula-
tion of the smaller SbVP were followed, it appeared that
the filtration step is important and effective and that a
single filtration step is sufficient.

Table 2. SbVP analysis for processed samples of Protein B, an IgG2.

Sample

Particles/mL
(at � 2 mm)

Particles/mL
(at � 5 mm)

Particles/mL
(at � 10 mm)

Particles/mL
(at � 25 mm)

Control (unfiltered, Lot 1) 339 � 78 29 � 2 < 10 < 10

1� filtration Lot 1 29 � 6 11 � 5 < 10 < 10

2 � filtration Lot 1 19 � 9 14 � 9 < 10 < 10

5 � filtration Lot 1 50 � 14 12 � 9 < 10 < 10

Control (unfiltered, Lot 2) 680 � 51 36 � 4 < 10 < 10

1 � filtration Lot 2 20 � 3 < 10 < 10 < 10
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This method was also used to follow the SbVP distribu-
tion during the processing of an antibody. The results are
shown in Table 3. The results demonstrate that the SbVP
are sequentially cleared throughout the process and that
each step contributes to this. Again, if only the SbVP� 10
mm were analyzed, this information would be lost.

We also employed the SVLO method to study the ef-
fect on SbVP content of stressing a protein. Figure 7
shows the number of particles vs size for 2 samples of
Protein A. The slope of the plot remained roughly the
same, and only the relative amounts changed. Stressing
the sample caused an increase in every size of SbVP. This
relationship has been observed with other proteins as
well, and the slope may be specific to product and parti-
cle type.

The method can also be used to study the effect of pri-
mary container–closure systems on the number of SbVP
in protein samples. Prefilled syringes (PFS) used to deliver

many protein pharmaceuticals contain silicone oil as a lu-
bricant, and this results in different numbers of back-
ground particles in a drug product sample, depending
not only on the protein but also on the device used to
deliver it. Figure 8 compares the number of particles ob-
tained for samples of Protein C in vials vs equivalent sam-
ples in PFS. PFS samples have both an increased amount
of SbVP and also greater variability. The LO results alone
do not provide any evidence about what contributed to
the difference between the vial and PFS samples. The in-
ability to differentiate between microbubbles, silicone oil
droplets, protein particles, and foreign material is an in-
herent weakness in LO methodology. Several flow-
through imaging methods are being developed and
can be used to characterize the size, morphology, and
optical properties of particles present in a solution (4).
These can be used as secondary characterization meth-
ods to gain an understanding of the types of particles
measured by the SVLO.

Table 3. Use of the SVLO method to demonstrate clearance of SbVP throughout the process.

Sample

Particles/mL
(at � 2 mm)

Particles/mL
(at � 5 mm)

Particles/mL
(at � 10 mm)

Particles/mL
(at � 25 mm)

Proc. Step 1 590 � 43 82 � 0 < 10 < 10

Proc. Step 2 465 � 69 96 � 8 < 10 < 10

Proc. Step 3 17 � 2 < 10 < 10 < 10

Final DS < 10 < 10 < 10 < 10

DS = Drug Substance

Figure 7. SVLO analysis of different sizes of SbVP for Protein A before and after the protein sample was stressed by heat and light.
Circles indicate the species determined by the compendial method.
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Figure 8. Comparison of the SbVP determined in samples of Protein C in vials (top panel) and PFS (bottom panel). Note differences in
scale. X-axes identify different lots tested.

As discussed, h788i defines specifications for particles
� 10 mm and � 25 mm based on historical data, and re-
sults can be recorded simply as below or above these lim-
its. For protein particles and for other products that are
administered intravenously, potential immunogenicity of
the SbVP may be a major patient safety concern, and
therefore product lot-to-lot consistency is perhaps just
as important as, if not more important than, the 6000
and 600 particles/container limits. This is illustrated in
Figure 9. For product E (right panel) the particle counts
could be below the compendial limits but may still indi-
cate a lot that warrants close scrutiny because of its clear
difference from all other lots that have been in the clinic.
In contrast, product D (left panel) could have SbVP close
to or even above the USP limit for some product lots, but
product D has a consistent SbVP history, and all of these
lots could potentially be released. Consistency of the

measurements, rather than the absolute number of par-
ticles present, is even more important in view of the fact
that the numbers of SbVP are not absolute. The imaging
methods described above, or others based on different
physical principles, may give very different numbers of
particles compared to the LO method for the same pro-
tein sample. In the absence of protein standards of de-
fined size, shape, morphology, optical properties, and
quantity, it is difficult to determine the accuracy of a
method for quantifying protein particles. Thus, for most
applications, the critical parameter to monitor and con-
trol is the relative difference or change among samples or
product lots. The LO and imaging methods have been
found generally to be in agreement in establishing
particle-size distribution and relative amounts and trends
for SbVP between samples.
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Figure 9. Comparison of samples of product D (left panel), which shows large amounts of SbVP, and product E (right panel), which
shows lower amounts of SbVP (simulated data). The heavy dark line denotes the compendial limit.

Chapter h788i also contains two statements regarding
sample size. The first focuses on sample volume per test
and states that if a product has a total volume of < 25 mL/
unit, then at least 10 units must be pooled, but if the vol-
ume of a single unit is � 25 mL the units can be tested
individually. The second requirement calls for a statisti-
cally sound sampling size for each product lot. For bio-
logical products the typical product fill volume is on
the order of 1 mL. Because of the large number of indi-
vidual units and total sample volume required, the re-
quirement of 25 mL per test makes the method
impractical for stability studies, characterization, devel-
opment, and investigations. The SVLO method allows
one to design a practical, statistically sound sampling
plan based on test purpose, product SbVP history and
profile, and acceptable degree of risk. This approach is
discussed in detail in the EP article (7).

CONCLUSIONS

The current compendial method described in h788i,
and its limits, which were developed for small-molecule
parenterals, are difficult to apply successfully to protein
pharmaceuticals delivered parenterally or by other
routes. The method as modified (SVLO) fulfills the re-
quired performance objectives for protein therapeutics.
After modification, analysts must verify the method’s
suitability for its intended applications. Although a mod-
ified LO method may satisfy the current need to demon-
strate product compliance with compendial limits and
may provide useful information for product develop-
ment, it is limited to particle sizing and counting.
Orthogonal and complementary methods are needed
to provide other essential aspects of particle characteriza-
tion, including shape, morphology, chemical composi-
tion, and identity.

This Stimuli article seeks feedback about the best ap-
proach for implementing a compendial LO method that
can provide meaningful data for protein therapeutics.
Comments and suggestions are welcome.

ACKNOWLEDGMENTS

The authors thank their Amgen colleagues Joey Pollas-
trini and Nancy Jiao for generating most of the experi-
mental data, and Christine Ives, Brent Kendrick, Tony
Mire-Sluis, Erwin Freund, Dave Brems, and Joseph Phillips
for many helpful discussions.

REFERENCES

1. USP. USP 32–NF 27, Particulate Matter in Injections h788i.
Rockville, MD: USP; 2009:310–312.

2. Council of Europe. Particulate Contamination: Subvisible
Particles 2.9.19. Strasbourg, France: Council of Europe;
2007.

3. Clausi A, Cummiskey J, Merkley S, Carpenter JF, Braun LJ,
Randolph TW. Influence of particle size and antigen bind-
ing on effectiveness of aluminum salt adjuvants in a model
lysozyme vaccine. J Pharm Sci. 2008;97(12):5252–5262.

4. Cao S, Narhi L, Jiang J, Rajan R. Analysis of subvisible partic-
ulates. In: Mahler HC, Jiskoot W, eds. Analysis of Aggregates
and Particles in Protein Pharmaceuticals. New York: John Wi-
ley and Sons; 2010.

5. Narhi LO, Jiang Y, Cao S, Benedek K, Shnek D. A critical re-
view of analytical methods for subvisible and visible parti-
cles. Curr Pharm Biotechnol. 2009;10(4):373–381.

6. Driscoll DF. Examination of selection of light-scattering and
light-obscuration acceptance criteria for lipid injectable
emulsions. Pharm Forum. 2004;30:2244–2253.

7. Cao S, Jiao N, Jiang Y, Mire-Sluis A, Narhi LP. Subvisible par-
ticle quantitation in protein therapeutics. Pharmeuropa Bio
& Sci Notes. 2009;1:73–79.

STIMULI TO THE REVISION PROCESS
Pharmacopeial ForumStimuli articles do not necessarily reflect the policies

Vol. 36(3) [May–June 2010]of the USPC or the USP Council of Experts834

#2010 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

S
ti

m
ul

i
to

th
e

R
ev

is
io

n
P

ro
ce

ss



NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that
incorporate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Pro-
posed and Recommended International Nonproprietary Names (INN) when they have been announced by the World
Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on
how nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomen-
clature issues that also occasionally report on related matters pertaining to USAN and INN.
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CHROMATOGRAPHIC COLUMNS
USED IN USP–NF AND

PHARMACOPEIAL FORUM

This is an update based on the proposals published in this issue of PF.
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Chromatographic Columns Used in USP–NF and
Pharmacopeial Forum

May–June 2010

ABACAVIR TABLETS (DSD Mgh #78)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Symmetry C-18 Assay and Organic
Impurities

3.9 mm 6 15 cm. Manufacturer: Waters Corp.

ALPRAZOLAM EXTENDED-RELEASE TABLETS (DSD Mgh #743)
PF LGS# Reagent Brand Type of Test Comments

36(3) L7 ZORBAX Eclipse
XDB-C8

Assay, Organic Impuri-
ties, and Uniformity of

Dosage Units

4.6 mm 6 15 cm, 5 mm. Manufacturer: Agilent

36(3) L7 Partisil C8 Dissolution 4.6 mm 6 10 cm, 5 mm. Manufacturer: Whatman Inc.

BACOPA (DSD Mgh #3527)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Pinnacle DB C18 Identification and
Content of ......

Content of Triterpene Glycosides. 4.6 mm 6 25 cm, 5
mm. Manufacturer: Restek Corp.

BISACODYL DELAYED-RELEASE TABLETS (DSD Mgh #9695)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 MicroBondapak
C18

Assay Analytical column: 3.9 mm 6 30 cm. Guard column
Bondpak C18. Manufacturer: Waters Corp.

BISACODYL SUPPOSITORIES (DSD Mgh #9685)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 MicroBondapak
C18

Assay Analytical column: 3.9 mm 6 30 cm. Guard column
Bondpack C18. Manufacturer: Waters Corp.

CEFUROXIME AXETIL TABLETS (DSD Mgh #14154)
PF LGS# Reagent Brand Type of Test Comments

0(0) L13 Hypersil SAS (C1) Assay 4.6 mm 6 25 cm, 5 mm. Manufacturer: Thermo Sci-
entific

CENTELLA ASIATICA (DSD Mgh #3533)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 ZORBAX SB-C18 Identification and
Content of ......

Content of Triterpene Derivatives. 4.6 mm 6 25 cm, 5
mm. Manufacturer: Agilent Technologies

CENTELLA ASIATICA TRITERPENES (DSD Mgh #5750)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 ZORBAX SB-C18 Identification and
Content of ......

Content of Triterpene Derivatives. 4.6 mm 6 25 cm, 5
mm. Manufacturer: Agilent Technologies

CITALOPRAM ORAL SOLUTION (DSD Mgh #17946)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Hypersil BDS C-18 Assay and Organic
Impurities

4.6 mm 6 15 cm, 5 mm. Manufacturer: Thermo Sci-
entific

CODEINE SULFATE (DSD Mgh #19640)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Inertsil ODS-2 Assay and Organic
Impurities

4.6 mm 6 25 cm, 5 mm. Manufacturer: GL Sciences
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CODEINE SULFATE TABLETS (DSD Mgh #19670)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Gemini C18 Assay and Organic
Impurities

4.6 mm 6 15 cm, 3 mm. Manufacturer: Phenomenex

EFAVIRENZ (DSD Mgh #4628)
PF LGS# Reagent Brand Type of Test Comments

36(3) L10 ZORBAX CN Enantiomeric Purity 4.6 mm 6 25 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

36(3) L1 Symmetry C-18 Organic Impurities Procedure 2. 4.6 mm 6 25 cm, 5 mm. Manufacturer:
Waters Corp.

36(3) L10 ZORBAX SB-CN Assay and Organic
Impurities

Organic Impurities, Procedure 1. 4.6 mm 6 15 cm, 5
mm. Manufacturer: Agilent Technologies

36(3) L40 Chiralcel OD Enantiomeric Purity 4.6 mm 6 25 cm, 10 mm. Manufacturer: Daicel

EFAVIRENZ CAPSULES (DSD Mgh #29084)
PF LGS# Reagent Brand Type of Test Comments

36(3) L10 ZORBAX SB-CN Assay and Organic
Impurities

4.6 mm 6 15 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

ENTACAPONE TABLETS (DSD Mgh #29307)
PF LGS# Reagent Brand Type of Test Comments

36(3) L11 XTerra Phenyl Assay and Organic
Impurities

4.6 mm 6 25 cm, 5 mm. Manufacturer: Waters Corp.

ESCITALOPRAM OXALATE (DSD Mgh #1412)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Luna C18(2) Assay and Organic
Impurities

4.6 mm 6 25 cm, 5 mm. Manufacturer: Phenomenex

36(3) L57 Ultron ES-OVM Enantiomeric Purity 4.6 mm 6 15 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

ESCITALOPRAM TABLETS (DSD Mgh #1413)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Luna C18 Assay and Organic
Impurities

4.6 mm 6 10 cm, 3 mm. Manufacturer: Phenomenex

GARCINIA INDICA (DSD Mgh #5692)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 LiChrospher 100
RP-18

Identification, Content
of...., Limit of .....

Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric
Acid Lactone, Limit of Citric Acid. 4.6 mm 6 25 cm.

Manufacturer: Merck KGaA

MEFLOQUINE HYDROCHLORIDE TABLETS (DSD Mgh #4574)
PF LGS# Reagent Brand Type of Test Comments

36(3) L68 Ultra IBD Assay and Organic
Impurities

4.6 mm 6 15 cm, 5 mm. Manufacturer: Restek

PANTOPRAZOLE SODIUM (DSD Mgh #2631)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Hypersil-ODS Related compounds Related compounds Test 2. 4 mm 6 12.5 cm, 5 mm.
Manufacturer: Thermo Scientific

POWDERED BACOPA (DSD Mgh #3528)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Pinnacle DB C18 Identification and
Content of ......

Content of Tripertene Glycosides. 4.6 mm 6 25 cm, 5
mm. Manufacturer: Restek Corp.
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POWDERED BACOPA EXTRACT (DSD Mgh #3529)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Pinnacle DB C18 Identification and
Content of ......

Content of Triterpene Glycosides. 4.6 mm 6 25 cm, 5
mm. Manufacturer: Restek Corp.

POWDERED CENTELLA ASIATICA (DSD Mgh #3534)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 ZORBAX SB-C18 Identification and
Content of ......

Content of Triterpene Derivatives. 4.6 mm 6 25 cm, 5
mm. Manufacturer: Agilent Technologies

POWDERED CENTELLA ASIATICA EXTRACT (DSD Mgh #3535)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 ZORBAX SB-C18 Identification and
Content of ......

Content of Triterpene Derivatives. 4.6 mm 6 25 cm.
Manufacturer: Agilent Technologies

POWDERED GARCINIA INDICA (DSD Mgh #5693)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 LiChrospher 100
RP-18

Identification and
Content of ......

Content of (–)-Hydroxycitric Acid and (–)-Hydroxycitric
Acid Lactone. 4.6 mm 6 25 cm. Manufacturer: Merck

KGaA

PRAMIPEXOLE DIHYDROCHLORIDE (DSD Mgh #68280)
PF LGS# Reagent Brand Type of Test Comments

36(3) L51 Chiralpak AD Enantiomeric Purity 4.6 mm 6 25 cm. Manufacturer: Chiral Technologies,
Inc.

36(3) L1 Inertsil ODS-2 Assay and Organic
Impurities

4.6 mm 6 15 cm, 5 mm. Manufacturer: GL Sciences

RIBAVIRIN TABLETS (DSD Mgh #2754)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Inertsil ODS Assay, Dissolution, and
Organic Impurities

Organic Impurities, Procedure 1. 4.6 mm 6 25 cm, 5
mm. Manufacturer: GL Sciences

0(0) L1 YMC-Pack ODS-
AQ

Organic Impurities Procedure 2. 4.6 mm 6 25 cm, 5 mm. Manufacturer:
YMC Co., Inc.

ROPINIROLE TABLETS (DSD Mgh #73898)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Keystone ODS-B Dissolution Dissolution Test 1. This column is not available any-
more. A suitable alternative is Betasil C18. 3 mm 6 7

cm, 5 mm. Manufacturer: Thermo Electron
36(3) L7 Kromasil C8 Assay, Dissolution,

Organic Impurities,
and Uniformity of

Dosage Units

Dissolution Test 2. 4.6 mm 6 25 cm, 5 mm. Manufac-
turer: Eka Nobel
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STANDARDS DEVELOPMENT
This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum
(PF), for the development of official standards in the United States Pharmacopeia and the National Formulary (USP–NF).
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USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on the new or revised stan-
dards.

PF includes the following:

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

2. Accelerated Revisions—New or revised standards that become official through an accelerated process in ac-
cordance with USP’s Guideline on Accelerated Revisions (available on the USP website) (e.g., Interim Revision An-
nouncements, Revision Bulletins, and Errata). Accelerated Revisions allow for a revision to become official prior to the
next USP–NF or Supplement and do not always require notice and comment. Interim Revision Announcements are
first presented for a 60-day public comment period in the Proposed Interim Revision Announcement section before
becoming official in a later PF in the Interim Revision Announcements section of the PF. Note that Revision Bulletins
appear only on the USP website.

USP welcomes comments and data on proposed revisions. Comments, along with USP’s responses, will be published in
the Commentary section of the USP website (www.usp.org).
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, United States Pharmacopeia, 12601
Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
‘‘How to Use PF’’ describes the various parts of Pharmacopeial Forum, lists the Committee Designations, and includes the
Staff Directory.
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The contents of the various sections of PF are briefly described below. A more detailed description of each section is
provided at the beginning of that section. A general description of the types and amount of information expected in a
Request for Revision is available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website
(www.usp.org/USPNF/submitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Proposed Interim Revi-
sion Announcement
Accelerated Revision tar-
geted to become official
in an upcoming PF.

Proposals for Interim Revision Announcements (IRAs) that will be
published as official in a future Pharmacopeial Forum.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the USP Scientific Liaison who handled the issue.

Review material and send comments
within 60 days of the PF publication
where the standard was proposed
(or per the Briefing). Direct com-
ments to the USP Scientific Liaison
(see the Staff Directory) identified at
the end of the Briefing.

Interim Revision An-
nouncement
Official Accelerated Revi-
sion (on the first day of
the second month, un-
les s otherwise ind i -
cated).

Standards that have been adopted and will become official on
the date that is specified in the section’s introductory page or
within parentheses following a particular item. New or revised
text is marked by the symbols .

..

Review material to see whether af-
fected by any of the changes. Note
date when standards become official,
and ensure compliance.

Errata
Accelerated Revision.

Corrections to official standards that will be printed in USP–NF. Review material to see whether af-
fected by any changes.

In-Process Revision
Revisions for public re-
view and comment.

Proposals for standards that will be published as official in a fu-
ture USP–NF book or Supplement.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the appropriate USP Scientific Liaison.

Review material and send comments.
Comment deadlines are found at the
end of the Policies and Announcements
section. Direct comments to the USP
Scientific Liaison (see the Staff Direc-
tory) identified at the end of the Brief-
ing. For general inquiries or in cases
where a Scientific Liaison is not iden-
tified, use the general USP telephone
number 301-881-0666 or fax num-
ber 301-998-6839.

Previous PF Proposals Proposals from previous PFs that did not advance to official sta-
tus in an official USP publication. This section is cumulative.

Review material to track pending pro-
posals.

Canceled Proposals Items that were published in PF and were pending, but have
since been canceled. Note that canceled proposals may be re-
published to be considered in the future for adoption in USP–NF.

Review material to track canceled
proposals.
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Stage 4 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

BRIEFING: Scientific rationale for the potential inclusion or
change or for the proposed change. Stage 4 is available for
comment.

Review material and provide com-
ments to the appropriate Scientific
Liaison cited in the Briefing. Indivi-
duals who wish to correspond with
the European and Japanese Pharma-
copoeias concerning monographs in
the Official Inquiry and Consensus
stages of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a
copy to USP, for a given article. The
addresses for the European (PhEur)
and Japanese (JP) pharmacopoeias
are as follows:

PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Depart-
ment
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu

JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp

Stage 6 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

Stage 6 is the final official harmonized standard and is not avail-
able for comment. This information is published for informa-
tional purposes only. New or revised text to Stage 6
documents is marked with symbols that indicate the publication
in which the book or Supplement becomes official.

Review material to see whether af-
fected by any changes.

H
ow

to
U

se
P
F

Pharmacopeial Forum
Vol. 36(4) [July–Aug. 2010] HOW TO USE PF 851

#2010 The United States Pharmacopeial Convention All Rights Reserved.



Other Sections

Expert Committee Designations
Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the develop-
ment of standards

Staff Directory
Names of key USP Standards Division staff members, including Scientific Liaisons, with contact information

Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Guidelines on how to comment
� Publication and comment schedules

Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested

parties
� Discussions of issues on which USP desires public input prior to further development

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

Index
Cumulative directory for the content of all issues of PF beginning with PF 36(1)

Chromatographic Columns Used in USP–NF and Pharmacopeial Forum
Update of chromatographic columns based on the proposals published in this issue of PF
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EXPERT COMMITTEE DESIGNATIONS*

2005–2010

AER Aerosols

BB BBP B&B Blood and Blood Products

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

BB PP B&B Proteins and Polysaccharides

BB VV B&B Vaccines and Virology

BPC Biopharmaceutics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DS-GC Dietary Supplements—General Chapters

DSI Dietary Supplements—Information

DSN Dietary Supplements—Non-Botanicals

DS-PS Dietary Supplements—Performance Standards

EGC Excipient General Chapters

EM1 Excipient Monographs 1

EM2 Excipient Monographs 2

FI Food Ingredients

GC General Chapters

GTMDB General Toxicity and Medical Device Biocompatibility

IH International Health

MSA Microbiology and Sterility Assurance

MD-ANT Monograph Development—Antibiotics

MD-AA Monograph Development—Antivirals and Antimicrobials

MD-CV Monograph Development—Cardiovascular

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

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

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

MD-PP Monograph Development—Psychiatrics and Psychoactives

MD-PS Monograph Development—Pulmonary and Steroids

NOM Nomenclature

P&S Packaging and Storage

PPI Parenteral Products—Industrial

PDF Pharmaceutical Dosage Forms

PW Pharmaceutical Waters

RI Radiopharmaceutical Information

RMI Radiopharmaceuticals and Medical Imaging Agents

RS Reference Standards

SCC Sterile Compounding

SMU Safe Medication Use

STAT Statistics
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EXPERT COMMITTEE DESIGNATIONS*(Continued)

2005–2010

VET Veterinary Drugs

VMI Veterinary Medicine Information

* HDQ Indicates USP Headquarters items.
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MAP OF 2010–2015 EXPERT COMMITTEES TO 2005–2010 EXPERT COMMITTEES
Revised October 20, 2009

2010–2015 Expert Committee 2005–2010 Expert Committee

01 Monographs—Small Molecules Monograph Development—Antibiotics

Monograph Development—Antivirals and Antimicrobials

Reference Standards

02 Monographs—Small Molecules Monograph Development—Cardiovascular

Monograph Development—Cough, Cold, and Analgesics

Reference Standards

03 Monographs—Small Molecules Monograph Development—Gastrointestinal, Renal, and Endo-
crine

Monograph Development—Ophthalmology, Oncology, and
Dermatology

Reference Standards

Veterinary Drugs

04 Monographs—Small Molecules Monograph Development—Psychiatrics and Psychoactives

Monograph Development—Pulmonary and Steroids

Radiopharmaceuticals and Medical Imaging Agents

Reference Standards

05 Monographs—Biologics and Biotechnology B&B Blood and Blood Products

Reference Standards

06 Monographs—Biologics and Biotechnology B&B Blood and Blood Products

B&B Cell, Gene and Tissue Therapies

B&B Vaccines and Virology

Reference Standards

07 Monographs—Excipients Excipient Monographs 1

Excipient Monographs 2

Reference Standards

08 Monographs—Dietary Supplements Dietary Supplements—Botanicals

Dietary Supplements—General Chapters

Dietary Supplements—Information

Dietary Supplements—Non-Botanicals

Dietary Supplements—Performance Standards

Reference Standards

09 Monographs—Compounding PS Compounding Pharmacy

PS Sterile Compounding

Reference Standards

Veterinary Drugs

10 Monographs—Food Ingredients Food Ingredients

Reference Standards
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MAP OF 2010–2015 EXPERT COMMITTEES TO 2005–2010 EXPERT COMMITTEES (Continued)
Revised October 20, 2009

2010–2015 Expert Committee 2005–2010 Expert Committee

11 General Chapters—Chemical Analysis Dietary Supplements—Botanicals

Dietary Supplements—General Chapters

Dietary Supplements—Information

Dietary Supplements—Non-Botanicals

Dietary Supplements—Performance Standards

GC General Chapters

GC Pharmaceutical Waters

Reference Standards

12 General Chapters—Physical Analysis Excipient General Chapters

GC General Chapters

PS Compounding Pharmacy

PS Sterile Compounding

Reference Standards

13 General Chapters—Biological Analysis B&B Blood and Blood Products

B&B Cell, Gene and Tissue Therapies

B&B Proteins and Polysaccharides

B&B Vaccines and Virology

Reference Standards

14 General Chapters—Dosage Forms GC Aerosols

GC Biopharmaceutics

GC Parenteral Products—Industrial

GC Pharmaceutical Dosage Forms

Reference Standards

15 General Chapters—Microbiology GC Microbiology and Sterility Assurance

Reference Standards

16 General Chapters—Packaging, Storage, and Distribution GC Packaging and Storage

Reference Standards

17 Nomenclature, Safety, and Labeling PS Nomenclature

PS Safe Medication Use

Reference Standards

18 Reference Standards Reference Standards
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MAP OF 2010–2015 EXPERT COMMITTEES TO 2005–2010 EXPERT COMMITTEES (Continued)
Revised October 20, 2009

2010–2015 Expert Committee 2005–2010 Expert Committee

19 Statistics GC Statistics

Reference Standards

20 Toxicology Dietary Supplements—Botanicals

Dietary Supplements—General Chapters

Dietary Supplements-Information

Dietary Supplements—Non-Botanicals

Dietary Supplements—Performance Standards

Excipient General Chapters

GC General Toxicology and Medical Device Biocompatibility

Reference Standards
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STAFF DIRECTORY

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

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

identified. The fax number is (301) 816-8373.

STAFF E-MAIL PHONE CONTACT FOR

Clydewyn M. Anthony, Ph.D.,
Senior Scientific Liaison

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

Fouad Atouf, Ph.D.,
Scientific Liaison

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

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Healthcare Quality Standards

scb@usp.org (301) 816-8216 Sterile Compounding

William E. Brown,
Senior Scientific Liaison

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

Forms (PDF)

Damián A. Cairatti,
Senior Scientific Liaison (Spanish)

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

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234

Behnam Davani, Ph.D.,
Senior Scientific Liaison

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

Natalia Davydova, Ph.D.,
Scientific Liaison

nd@usp.org (301) 816-8328 Dietary Supplements
Performance Standards (DS-PS)

Anthony DeStefano, Ph.D.,
Vice President, General Chapters

ajd@usp.org (301) 230-6303 General Chapters

Susan S. de Mars, J.D.,
General Counsel and Chief Documentary
Standards Officer

sdm@usp.org (301) 816-8296 Documentary Standards Division

Shawn F. Dressman, Ph.D.,
Vice President, Standards Acquisition

sfd@usp.org (301) 816-8261 New Monograph and Reference
Standards Acquisition

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

gig@usp.org (301) 816-8343

Brian D. Gilbert, Ph.D.,
Technical Services Manager

bg@usp.org (301) 816-8223

Elena Gonikberg, Ph.D.,
Principal Scientific Liaison

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

Veterinary Drugs (VET)

James Griffiths, Ph.D.,
Vice President, Food, Dietary Supplement,
and Excipient Standards

jg@usp.org (301) 998-6811

Linda Guard,
Vice President, Publications

lmg@usp.org (301) 816-8309

Antonio Hernandez-Cardoso, M.Sc.,
Senior Scientific Liaison, Latin American
Specialist

ahc@usp.org (301) 816-8308 USP–NF Spanish Edition;
General Chapters (GC);
Pharmaceutical Waters (PW)

Desmond G. Hunt, Ph.D.,
Scientific Liaison

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

Parenteral Products—Industrial
(PPI)

Barbara Jones, Ph.D.,
Vice President, Reference Standards Evalua
tion

bjj@usp.org (301) 230-6325 Reference Standards
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STAFF E-MAIL PHONE CONTACT FOR

William F. Koch, Ph.D.,
Chief Standards Acquisition and Metrology
Officer

wfk@usp.org (301) 816-8562 Reference Materials Division

Robert Lafaver,
Scientific Liaison

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

Kristie Laurvick, M.S.,
Scientific Liaison

kxb@usp.org (301) 816-8356 Food Ingredients (FI)

Markus Lipp, Ph.D.,
Director, Foods Standards

mxl@usp.org (301) 816-6366 Food Ingredients (FI)

Angela G. Long, M.S.,
Vice President, Healthcare Quality
and Compendial Affairs/
Executive Secretariat

agl@usp.org (301) 816-8382

Feiwen Mao, M.S.,
Scientific Liaison

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

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

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

Forms (PDF);
Reagents

Jeff Moore, Ph.D.,
Scientific Liaison

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

Kevin Moore, Ph.D.,
Senior Scientific Liaison

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

Tina S. Morris, Ph.D.,
Vice President, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397

Horacio Pappa, Ph.D.,
Principal Scientific Liaison and Latin
American Liaison

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

Morgan Puderbaugh,
Associate Scientific Liaison

mxp@usp.org (301) 998-6833 Small Molecules Monographs

Sujatha Ramakrishna, Ph.D.,
Scientific Liaison

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

Hariram Ramanathan, Ph.D.,
Associate Scientific Liaison

hr@usp.org (301) 816-8313 Small Molecules Monographs

Ravi Ravichandran, Ph.D.,
Senior Scientific Liaison

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

Radiopharmaceuticals and Medical
Imaging Agents (RMI)

Karen A. Russo, Ph.D.,
Vice President, Small Molecules

kar@usp.org (301) 816-8379

Leonel Santos, Ph.D.,
Senior Scientific Liaison

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

Nandakumara (Nandu) Sarma, Ph.D.,
Senior Scientific Liaison

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

Rick Schnatz, Pharm.D.,
Scientific Liaison

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

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

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Principal Scientific Liaison

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

Catherine M. Sheehan, M.S.,
Director, Excipients

cxs@usp.org (301) 816-8262 Excipients
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STAFF E-MAIL PHONE CONTACT FOR

Tom Sigambris, M.S.,
Scientific Liaison

tzs@usp.org (301) 998-6789 B&B Vaccines and Virology (BB VV);
Proteins and Polysaccharides

(BB PP) (small peptides)

Anita Y. Szajek, Ph.D.,
Principal Scientific Liaison

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

Radhakrishna S. Tirumalai, Ph.D.,
Principal Scientific Liaison

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

Microbiology and Sterility
Assurance (MSA)

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientific Liaison

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

Domenick Vicchio, Ph.D.,
Senior Scientific Liaison

dwv@usp.org (301) 998-6828 Monograph Development—
Pulmonary and Steroids (MD-PS)

Mary ‘‘Jeanie’’ Waddell,
Scientific Liaison

msw@usp.org (301) 816-8124 Monograph Development—
Pulmonary and Steroids (MD-PS)

Hong Wang, Ph.D.,
Senior Scientific Liaison

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

Excipient General
Chapters (EGC)

Lili Wang,
Technical Services Scientist

lw@usp.org (301) 816-8129 USP Reference Standards
Evaluation

Andrzej Wilk, Ph.D.,
Senior Scientific Liaison

aw@usp.org (301) 816-8305 Nomenclature (NOM)

Ahalya Wise, M.S.,
Scientific Liaison

aww@usp.org (301) 816-8161 Monograph Development—
Antibiotics (MD-ANT)

Kahkashan Zaidi, Ph.D.,
Senior Scientific Liaison

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

This section provides general information about USP–NF standards and processes, including announcements on scien-
tific and policy issues, schedules for USP publications, and schedules for comment periods for proposed standards.

P
olicies

and
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nnouncem
ents



USP 33–NF 28 RECALL AND REISSUE. On January 8,
2010, USP recalled USP 33–NF 28 because of errors.
The USP 33–NF 28 Reissue is now available with an
official date of October 1, 2010. The complete official
compendia, USP 33–NF 28 Reissue, are composed of the
following:

� USP 32–NF 27 and its Supplements
� USP 33–NF 28 Reissue New and Revised Official Text

Since the Second Supplement to USP 32–NF 27
� First Supplement to the USP 33–NF 28 Reissue
� Second Supplement to the USP 33–NF 28 Reissue

USP continues to seek the return of all versions of USP 33–
NF 28 that were placed into commerce beginning No-
vember 2009. This effort is important to avoid use of er-
roneous text.

Information about the recall and reissue are provided in
Public Notices that appear at http://www.usp.org/
USPNF/recall.html. For more information, contact USP’s
C u s t o m e r S e r v i c e a t c u s t s v c @ u s p . o r g o r
1-800-227-8772.

UPCOMING CHANGES TO PHARMACOPEIAL FORUM.
E f fect ive January 1, 2011 with volume 37(1) ,
Pharmacopeial Forum (PF) will be converted to an on-
line only, freely available resource that includes only
proposed revis ions for publ ic comment. Other
information currently in PF will be moved to the USP
Web site or into other USP publications.

For updated information about the transition, please visit
http://www.usp.org/USPNF/pf/pfRedesign.html.

USP POSTS COMMENTARY TO INTERIM REVISION
ANNOUNCEMENTS ON THE USP WEBSITE. In order
to maintain transparency for revisions made to
proposed Interim Revision Announcements that become
official in PF, USP posts commentary for the proposed
Interim Revision Announcements on the Revisions and
Commentary web page on the date that the official
standard is released in PF. Note that commentary to In-
Process Revis ions is posted on the Revisions and
Commentary web page under the final book or
supplement where the official standard appears.
Commentary is not part of the official text of the
monograph and is not intended to be enforceable by
regulatory authorities. Rather, it explains the basis of
the Expert Committee’s response to public comments.
If there is a difference between the content of the
Commentary section and the official monograph, the
text of the official monograph prevails. In case of a
dispute or question of interpretation, the language of
the official text, alone and independent of the
Commentary section, shall prevail.

PHARMACOPEIAL FORUM PUBLIC REVIEW and
COMMENT PERIOD DEADLINES. USP welcomes and
encourages interested parties to submit comments and
data regarding potential, proposed, or adopted
(official) standards. In accordance with the Rules and
Procedures of the 2005–2010 Council of Experts, USP
has implemented a 90-day comment period by
providing a deadline for each issue of PF unless
otherwise stated in the individual briefing. The listing of
comment period deadlines and the targeted official
publications appears below.

Pharmacopeial
Forum

Comment
Deadline

Targeted Official
Publication Release Date Official Date

PF 35(6) February 15, 2010 USP 34–NF 29 November 2010 May 1, 2011

PF 36(1) April 15, 2010

PF 36(2) June 15, 2010 USP 34–NF 29 1st Supple-
ment

February 2011 August 1, 2011

PF 36(3) August 15, 2010

PF 36(4) October 15, 2010 USP 34–NF 29 2nd Supple-
ment

June 2011 December 1, 2011

PF 36(5) December 15, 2010

PF 36(6) February 15, 2011 USP 35–NF 30 November 2011 May 1, 2012
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All official revisions are published in the annual edition or
Supplements to USP–NF (twice yearly). Between these
publications, official revisions are published in PF in the
Interim Revision Announcement section and incorporated
in the upcoming USP–NF or Supplement. They may also
be published as Revision Bulletins on www.usp.org in the
‘‘New Official Text’’ section. The official publication in
which an Interim Revision Announcement (IRA) is incorpo-

rated depends upon publication deadlines. The electro-
nic version of USP–NF is updated as each Supplement
becomes available and, therefore, contains all official text
up to and including the contents of the latest Supple-
ment. The table below outlines the publications and their
release and official dates, and the USP–NF or Supplement
that supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

USP 33–NF 28 Reissue April 1, 2010 October 1, 2010 1st Supplement to the USP 33–NF 28
Reissue

IRA [PF 36(1)] January 1, 2010 February 1, 2010 2nd Supplement to the USP 33–NF 28
Reissue

1st Supplement to the USP 33–NF 28
Reissue

April 1, 2010 October 1, 2010 2nd Supplement to the USP 33–NF 28
Reissue

IRA [PF 36(2)] March 1, 2010 April 1, 2010 2nd Supplement to the USP 33–NF 28
Reissue

IRA [PF 36(3)] May 1, 2010 June 1, 2010 USP 34–NF 29

IRA [PF 36(4)] July 1, 2010 August 1, 2010 1st Supplement to USP 34–NF 29

IRA [PF 36(5)] September 1, 2010 October 1, 2010 1st Supplement to USP 34–NF 29

IRA [PF 36(6)] November 1, 2010 December 1, 2010 2nd Supplement to USP 34–NF 29

2nd Supplement to the USP 33–NF
28 Reissue

June, 2010 February 1, 2011 USP 34–NF 29

USP 34–NF 29 November 1, 2010 May 1, 2011 1st Supplement to USP 34–NF 29

CUMULATIVE EDITIONS. USP–NF is available in print,
CD, and online formats. For the CD and online
formats, each new edition or Supplement integrates
content from all previous editions to date.

USP 33–NF 28 Reissue New and Revised Official Text Since
the Second Supplement to USP 32–NF 27, combined with
the print version of USP 32–NF 27 and its Supplements,
constitute the official print version of the USP 33–NF 28
Reissue.

PRIORITY NEW MONOGRAPH ITEMS. The following
lists contain monographs USP is seeking for drug
substances and drug products, with particular priority
on drug substances and drug products that are or are

expected to be off-patent (multi-sourced; subject to
generic competition) within 5 years. These are articles
that have been approved by the FDA and are published
in the Approved Drug Products with Therapeutic
Equivalence Evaluations (Orange Book). This list has
been updated as of April 9, 2010.

Monograph sponsors should consult the USP Guideline
for Submit t ing Requests for Rev is ion to USP–NF
at http: // www. usp. org / USPNF / submitMonograph /
subGuide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Small Molecules (Drug Substances)—As of April 9, 2010

1) Acamprosate Calcium 2) Acrivastine 3) Adapalene

4) Alitretinoin 5) Alosetron Hydrochloride 6) Alvimopan

7) Ambenonium Chloride 8) Aminolevulinic Acid Hydrochloride 9) Amlexanox

10) Amlodipine Maleate 11) Amphetamine Aspartate 12) Amprenavir

13) Argatroban 14) Aripiprazole 15) Atomoxetine Hydrochloride

16) Auranofin 17) Azacitidine 18) Bendamustine Hydrochloride

19) Bentoquatam 20) Bepotastine Besylate 21) Besifloxacin Hydrochloride

22) Bexarotene 23) Bimatoprost 24) Bismuth Subcitrate Potassium

25) Bosentan 26) Bromfenac Sodium 27) Butenafine Hydrochloride

28) Caffeine Citrate 29) Calcium Trisodium Pentetate 30) Calfactant

31) Ceftibuten 32) Cetrorelix 33) Cevimeline Hydrochloride

34) Cidofovir 35) Cisatracurium Besylate 36) Colesevelam Hydrochloride

37) Cysteamine Bitartrate 38) Darifenacin Hydrobromide 39) Darunavir

40) Decitabine 41) Desirudin 42) Desloratadine

43) Dexlansoprazole 44) Dextroamphetamine Saccharate 45) Diclofenac Epolamine
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Small Molecules (Drug Substances)—As of April 9, 2010 (Continued)

46) Diltiazem Malate 47) Doripenem 48) Doxacurium Chloride

49) Dronedarone Hydrochloride 50) Entecavir 51) Eplerenone

52) Esomeprazole Sodium 53) Eszopiclone 54) Ethanolamine Oleate

55) Etonogestrel 56) Etoposide Phosphate 57) Exemestane

58) Felbamate 59) Ferric Hexacyanoferrate (Prussian
Blue)

60) Ferric Sodium Gluconate

61) Fomepizole 62) Fosaprepitant Dimeglumine 63) Gadobenate Dimeglumine

64) Gadofosveset Trisodium 65) Gadopentetic Acid 66) Gadoxetate Disodium

67) Gallium Nitrate 68) Ganciclovir Sodium 69) Guanidine Hydrochloride

70) Iloperidone 71) Imipramine Pamoate 72) Imiquimod

73) Isosulfan Blue 74) Ketotifen Fumarate 75) Lepirudin

76) Lodoxamide Tromethamine 77) Loteprednol Etabonate 78) Loxapine Hydrochloride

79) Melphalan Hydrochloride 80) Mequinol 81) Methylnaltrexone Bromide

82) Midazolam Hydrochloride 83) Mifepristone 84) Milrinone Lactate

85) Nabilone 86) Nelarabine 87) Nelfinavir Mesylate

88) Nepafenac 89) Nesiritide Citrate 90) Nilutamide

91) Nisoldipine 92) Nitazoxanide 93) Oxiconazole Nitrate

94) Paliperidone 95) Pemetrexed Disodium 96) Pemirolast Potassium

97) Perindopril Erbumine 98) Piperonyl Butoxide 99) Podofilox

100) Poractant Alfa 101) Porfimer Sodium 102) Posaconazole

103) Prasugrel Hydrochloride 104) Pyrilamine Tannate 105) Quinupristin

106) Rifapentine 107) Rose Bengal Disodium 108) Sertaconazole Nitrate

109) Sevelamer Carbonate 110) Silodosin 111) Sirolimus

112) Sodium Phenylbutyrate 113) Sparfloxacin 114) Streptozocin

115) Tazarotene 116) Temozolomide 117) Temsirolimus

118) Teniposide 119) Tiludronate Disodium 120) Tiopronin

121) Tipranavir 122) Tirofiban 123) Tolterodine Tartrate

124) Tolvaptan 125) Topotecan Hydrochloride 126) Toremifene Citrate

127) Trastuzumab 128) Treprostinil 129) Triptorelin Pamoate

130) Trypan Blue 131) Unoprostone Isopropyl 132) Vigabatrin

133) Zafirlukast 134) Zanamivir 135) Zinc Trisodium Pentetate

136) Zoledronic Acid 137) Zolmitriptan

Small Molecules (Drug Products)—As of April 9, 2010

1) Abacavir and Lamivudine Tablets 2) Abacavir Sulfate, Lamivudine, and Zi-
dovudine Tablets

3) Acamprosate Delayed-Release Tablets

4) Acetaminophen, Aspirin, and Co-
deine Phosphate Capsules

5) Acetaminophen, Caffeine, and Dihy-
drocodeine Bitartrate Capsules

6) Acetaminophen, Caffeine, and Dihy-
drocodeine Bitartrate Tablets

7) Acetazolamide Extended-Release
Capsules

8) Acetazolamide Sodium Injection 9) Acetic Acid and Aluminum Acetate Otic
Solution

10) Acetylcysteine Injection 11) Acetylcysteine Oral Inhalation Solu-
tion

12) Acrivastine and Pseudoephedrine
Hydrochloride Capsules

13) Acyclovir Cream 14) Adapalene and Benzoyl Peroxide Gel 15) Adapalene Cream

16) Adapalene Gel 17) Adefovir Dipivoxil Tablets 18) Albuterol and Ipratropium Bromide
Inhalation Solution

19) Albuterol Extended-Release Tablets 20) Alendronate Sodium and Cholecal-
ciferol Tablets

21) Alendronate Sodium Oral Solution

22) Alitretinoin Topical Gel 23) Allopurinol for Injection 24) Alosetron Tablets

25) Aluminum Hydroxide and Magne-
sium Trisilicate Chewable Tablets

26) Alvimopan Capsules 27) Amantadine Hydrochloride Tablets

28) Ambenonium Chloride Tablets 29) Amcinonide Lotion 30) Aminolevulinic Acid Topical Solution

31) Amiodarone Hydrochloride Injec-
tion

32) Amlexanox Oral Paste 33) Amlexanox Oral Transmucosal Sys-
tem

34) Amlodipine and Benazepril Hydro-
chloride Capsules

35) Amlodipine and Valsartan Tablets 36) Amoxicillin and Clavulanate Potassi-
um Chewable Tablets

37) Amoxicillin Chewable Tablets 38) Amphetamine Aspartate, Amphet-
amine Sulfate, Dextroamphetamine Sac-
charate and Dextroamphetamine
Sulfate Tablets

39) Amphotericin B Injection
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Small Molecules (Drug Products)—As of April 9, 2010 (Continued)

40) Amprenavir Solution 41) Anastrozole Tablets 42) Antazoline Phosphate and Naphazo-
line Hydrochloride Ophthalmic Solution

43) Apomorphine Hydrochloride Injec-
tion

44) Argatroban Injection 45) Atomoxetine Hydrochloride Capsules

46) Atovaquone and Proguanil Hydro-
chloride Tablets

47) Atropine and Pralidoxime Chloride
Injection

48) Auranofin Capsules

49) Avobenzone, Ecamsule, and Octo-
crylene Cream

50) Avobenzone, Ecamsule, Octocry-
lene, and Titanium Dioxide Cream

51) Avobenzone, Octinoxate, and Oxy-
benzone Lotion

52) Azacitidine for Injectable Suspen-
sion

53) Azelaic Acid Cream 54) Azelaic Acid Topical Gel

55) Azelastine Hydrochloride Nasal
Spray

56) Azelastine Hydrochloride Ophthal-
mic Solution

57) Baclofen Injection

58) Beclomethasone Dipropionate
Metered-Dose Nasal Suspension

59) Benazepril Hydrochloride and Hy-
drochlorothiazide Tablets

60) Bendamustine Hydrochloride for In-
jection

61) Bendamustine Hydrochloride Injec-
tion

62) Bentoquatam Topical Suspension 63) Benzphetamine Hydrochloride Ta-
blets

64) Bepotastine Besylate Ophthalmic
Solution

65) Beractant Intratracheal Suspension 66) Besifloxacin Ophthalmic Suspension

67) Betaine for Oral Solution 68) Betamethasone Dipropionate Gel 69) Betaxolol Ophthalmic Suspension

70) Bexarotene Capsules 71) Bexarotene Topical Gel 72) Bimatoprost Ophthalmic Solution

73) Bismuth Subcitrate Potassium, Me-
tronidazole, and Tetracycline Capsules

74) Bromfenac Sodium Ophthalmic So-
lution

75) Brompheniramine Maleate, Dextro-
methorphan Hydrobromide and Pseudo-
ephedrine HCl Oral Solution

76) Budesonide Capsules 77) Buffered Didanosine for Oral Solu-
tion

78) Bupivacaine and Lidocaine Hydro-
chlorides Injection

79) Buprenorphine and Naloxone Sub-
lingual Tablets

80) Buprenorphine Hydrochloride Injec-
tion

81) Buprenorphine Sublingual Tablets

82) Buspirone Hydrochloride Capsules 83) Busulfan Injection 84) Butalbital and Acetaminophen Cap-
sules

85) Butalbital and Acetaminophen
Tablets

86) Butalbital, Acetaminophen, and Caf-
feine Oral Solution

87) Butalbital, Acetaminophen, Caffeine,
and Codeine Phosphate Capsules

88) Butenafine Hydrochloride Cream 89) Calcipotriene Ointment 90) Calcitriol Capsules

91) Calcitriol Ointment 92) Calcitriol Oral Solution 93) Calcium Acetate Capsules

94) Calfactant Intratracheal Suspension 95) Candesartan Cilexetil and Hydro-
chlorothiazide Tablets

96) Candesartan Cilexetil Tablets

97) Carbamazepine Chewable Tablets 98) Carbamazepine Extended-Release
Capsules

99) Carbidopa and Levodopa Extended-
Release Tablets

100) Carbidopa and Levodopa Orally
Disintegrating Tablets

101) Carbidopa Tablets 102) Carbinoxamine Maleate Oral Solu-
tion

103) Carboplatin Injection 104) Carglumic Acid Tablets 105) Carmustine Implant

106) Cefdinir Tablets 107) Cefepime Injection 108) Cefotaxime Sodium and Dextrose
Injection

109) Ceftibuten Capsules 110) Ceftibuten for Oral Suspension 111) Cetirizine Hydrochloride Chewable
Tablets

112) Cetrorelix Injection 113) Cevimeline Hydrochloride Cap-
sules

114) Chloramphenicol Sodium Succinate
Injection

115) Chlorpheniramine Maleate
Extended-Release Tablets

116) Ciclopirox Nail Lacquer 117) Ciclopirox Shampoo

118) Ciclopirox Topical Gel 119) Cidofovir Injection 120) Cimetidine Oral Solution

121) Ciprofloxacin Otic Solution 122) Cisatracurium Injection 123) Cisplatin Injection

124) Citalopram Capsules 125) Citric Acid, Gluconolactone, and
Magnesium Carbonate Irrigation

126) Cladribine Injection

127) Clemastine Fumarate, Acetamino-
phen and Pseudoephedrine Hydro-
chloride Tablets

128) Clemastine Oral Solution 129) Clindamycin and Benzoyl Peroxide
Topical Gel

130) Clobetasol Propionate Foam 131) Clobetasol Propionate Gel 132) Clobetasol Propionate Lotion

133) Clofarabine Injection 134) Clorazepate Dipotassium Ex-
tended-Release Tablets

135) Clotrimazole and Betamethasone
Dipropionate Lotion

136) Colesevelam Hydrochloride Oral
Suspension

137) Colesevelam Hydrochloride Tablets 138) Conjugated Estrogens and Medrox-
yprogesterone Acetate Tablets

139) Conjugated Estrogens Vaginal
Cream

140) Cromolyn Sodium Oral Solution 141) Crotamiton Lotion
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Small Molecules (Drug Products)—As of April 9, 2010 (Continued)

142) Cyclopentolate Hydrochloride and
Phenylephrine Hydrochloride Ophthal-
mic Solution

143) Cyclosporine Ophthalmic Emul-
sion

144) Cysteamine Bitartrate Capsules

145) Cytarabine Injection 146) Dalfopristin and Quinupristin Injec-
tion

147) Darunavir Tablets

148) Daunorubicin Hydrochloride Injec-
tion

149) Decitabine for Injection 150) Desflurane for Inhalation

151) Desirudin for Injection 152) Des loratad ine and Pseudo-
ephedrine Sulfate Extended-Release Ta-
blets

153) Desloratadine Oral Solution

154) Desloratadine Orally Disintegrat-
ing Tablets

155) Desloratadine Tablets 156) Desonide Lotion

157) Dexlansoprazole Delayed-Release
Capsules

158) Dexrazoxane for Injection 159) Dextroamphetamine Sulfate
Extended-Release Capsules

160) Diatrizoate Sodium for Oral Solu-
tion

161) Diatrizoic Acid and Iodipamide In-
jection

162) Diazepam Injectable Emulsion

163) Diazepam Oral Solution 164) Diazepam Rectal Gel 165) Diclofenac Epolamine Topical Patch

166) Diclofenac Sodium Ophthalmic
Solution

167) Diclofenac Sodium Topical Solu-
tion

168) Didanosine Delayed-Release Cap-
sules

169) Didanosine for Buffered Oral Sus-
pension

170) Diethylpropion Hydrochloride
Extended-Release Tablets

171) Diltiazem Hydrochloride Extended-
Release Tablets

172) Dimethyl Sulfoxide Intravesical So-
lution

173) Dinoprostone Vaginal Supposi-
tories

174) Diphenhydramine Hydrochloride
and Acetaminophen Tablets

175) Diphenhydramine Hydrochloride
and Ibuprofen Capsules

176) Diphenoxylate Hydrochloride and
Atropine Sulfate Capsules

177) Docosanol Cream

178) Doripenem for Injection 179) Dorzolamide and Timolol Ophthal-
mic Solution

180) Dorzolamide Ophthalmic Solution

181) Doxacurium Chloride Injection 182) Doxazosin Extended-Release Ta-
blets

183) Doxycycline Hyclate Extended-
Release Periodontal System

184) Doxycycline Oral Gel 185) Dronedarone Tablets 186) Econazole Nitrate Cream

187) Edrophonium Chloride and Atro-
pine Sulfate Injection

188) Efavirenz Tablets 189) Eflornithine Hydrochloride Cream

190) Enalapril Maleate and Felodipine
Extended-Release Tablets

191) Entecavir Oral Solution 192) Entecavir Tablets

193) Epirubicin Hydrochloride for Injec-
tion

194) Epirubicin Hydrochloride Injection 195) Eplerenone Tablets

196) Epoprostenol for Injection 197) Epoprostenol Injection 198) Eprosartan Mesylate and Hydro-
chlorothiazide Tablets

199) Eprosartan Tablets 200) Ergotamine Tartrate, Belladonna
Alkaloids, and Phenobarbital Extended-
Release Tablets

201) Escitalopram Capsules

202) Escitalopram Oral Solution 203) Esmolol Hydrochloride Injection 204) Esomeprazole Magnesium Delayed-
Release Capsules

205) Esomeprazole Magnesium for De-
layed-Release Oral Suspension

206) Esomeprazole Sodium Injection 207) Estradiol and Norethindrone Acetate
Transdermal System

208) Estradiol and Norgestimate Tablets 209) Estradiol Gel 210) Estradiol Topical Emulsion

211) Estramustine Phosphate Sodium
Capsules

212) Eszopiclone Tablets 213) Ethanolamine Oleate Injection

214) Ethinyl Estradiol and Levonorges-
trel Transdermal System

215) Etonogestrel Implant 216) Exemestane Tablets

217) Famotidine Chewable Tablets 218) Famotidine Orally Disintegrating
Tablets

219) Famotidine, Calcium Carbonate,
and Magnesium Hydroxide Tablets

220) Felbamate Oral Suspension 221) Felbamate Tablets 222) Fenofibrate Tablets

223) Fentanyl Lozenges 224) Ferric Sodium Gluconate Injection 225) Fluconazole for Oral Suspension

226) Flunisolide Inhalation Aerosol 227) Flunisolide Nasal Spray 228) Fluocinolone Acetonide Shampoo

229) Fluocinolone Acetonide, Hydro-
quinone and Tretinoin Cream

230) Fluorescein Sodium Injection 231) Fluorescein Sodium Ophthalmic So-
lution

232) Fluorometholone Ointment 233) Fomepizole for Injection 234) Fomepizole Injection

235) Fosaprepitant Dimeglumine for
Injection

236) Foscarnet Sodium Injection 237) Fosfomycin for Oral Solution

238) Gadobenate Dimeglumine Injec-
tion

239) Gadofosveset Trisodium Injection 240) Gadoxetate Disodium Injection

241) Galantamine Extended-Release
Capsules

242) Gallium Nitrate Injection 243) Ganciclovir Capsules
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Small Molecules (Drug Products)—As of April 9, 2010 (Continued)

244) Ganciclovir Ophthalmic Gel 245) Glipizide Extended-Release Tablets 246) Granisetron Transdermal System

247) Guanidine Hydrochloride Tablets 248) Halobetasol Propionate Cream 249) Halobetasol Propionate Ointment

250) Haloperidol Decanoate Injection 251) Hydralazine Hydrochloride and Hy-
drochlorothiazide Capsules

252) Hydrocodone Bitartrate and Aceta-
minophen Capsules

253) Hydrocodone Bitartrate and Acet-
aminophen Oral Solution

254) Hydrocodone Bitartrate and Aspir-
in Tablets

255) Hydrocodone Bitartrate and Homa-
tropine Methylbromide Syrup

256) Hydrocodone Bitartrate and Ibu-
profen Tablets

257) Hydrocodone Polistirex and Chlor-
pheniramine Polistirex Extended-Release
Capsules

258) Hydrocodone Polistirex and Chlor-
pheniramine Polistirex Extended-Release
Suspension

259) Hydrocortisone Acetate and Pra-
moxine Hydrochloride Cream

260) Hydrocortisone Acetate and Pra-
moxine Hydrochloride Topical Aerosol

261) Hydrocortisone Acetate and Pra-
moxine Hydrochloride Lotion

262) Hydrocortisone Acetate and Urea
Cream

263) Hydrocortisone Acetate Dental
Paste

264) Hydrocortisone Acetate Rectal Foam
Aerosol

265) Hydrocortisone Butyrate Ointment 266) Hydrocortisone Probutate Cream 267) Hydrocortisone Topical Aerosol

268) Hydroquinone Lotion 269) Ibandronate Sodium 270) Ibandronate Sodium Injection

271) Ibandronate Sodium Tablets 272) Ibuprofen and Pseudoephedrine
Hydrochloride Capsules

273) Ibuprofen and Pseudoephedrine Hy-
drochloride Suspension

274) Ibuprofen Chewable Tablets 275) Ibutilide Fumarate Injection 276) Idarubicin Hydrochloride Injection

277) Iloperidone Tablets 278) Imipramine Pamoate Capsules 279) Imiquimod Cream

280) Insoluble Prussian Blue Capsules 281) Iohexol Solution 282) Isosulfan Blue Injection

283) Isradipine Extended-Release Ta-
blets

284) Itraconazole Capsules 285) Itraconazole Oral Solution

286) Ketoconazole Cream 287) Ketoconazole Shampoo 288) Ketorolac Tromethamine Ophthal-
mic Solution

289) Ketotifen Fumarate Ophthalmic
Solution

290) Lamotrigine Orally Disintegrating
Tablets

291) Latanoprost Ophthalmic Solution

292) Lepirudin for Injection 293) Leucovorin Calcium for Injection 294) Levetiracetam Extended-Release
Tablets

295) Levetiracetam Injection 296) Levocetirizine Dihydrochloride
Oral Solution

297) Levocetirizine Dihydrochloride Ta-
blets

298) Levofloxacin Injection 299) Levofloxacin Ophthalmic Solution 300) Levofloxacin Tablets

301) Levonorgestrel Tablets 302) Lidocaine Oral Transmucosal Sys-
tem

303) Lidocaine Transdermal System

304) Liothyronine Injection 305) Lodoxamide Ophthalmic Solution 306) Loperamide Hydrochloride and Si-
methicone Chewable Tablets

307) Loperamide Hydrochloride and Si-
methicone Tablets

308) Lopinavir and Ritonavir Capsules 309) Lopinavir and Ritonavir Oral Solu-
tion

310) Loratadine Chewable Tablets 311) Loratadine Oral Suspension 312) Loteprednol Etabonate and Tobra-
mycin Ophthalmic Suspension

313) Loteprednol Etabonate Ophthal-
mic Suspension

314) Loxapine Hydrochloride Injection 315) Loxapine Hydrochloride Oral Solu-
tion

316) Mannitol Irrigation 317) Melphalan for Injection 318) Menthol and Methyl Salicylate
Transdermal System

319) Mequinol and Tretinoin Topical
Solution

320) Mesalamine Suppositories 321) Mesna Injection

322) Methacholine Chloride for Inhala-
tion Solution

323) Methamphetamine Hydrochloride
Extended-Release Tablets

324) Methocarbamol and Aspirin Tablets

325) Methylnaltrexone Bromide Injec-
tion

326) Methylphenidate Hydrochloride
Chewable Tablets

327) Methylphenidate Hydrochloride
Oral Solution

328) Methylphenidate Transdermal
System

329) Metipranolol Ophthalmic Solution 330) Metronidazole Cream

331) Metronidazole Hydrochloride for
Injection

332) Metronidazole Lotion 333) Miconazole Nitrate Ointment

334) Midazolam Oral Suspension 335) Milrinone Injection 336) Minocycline Hydrochloride Ex-
tended-Release Tablets

337) Misoprostol and Diclofenac So-
dium Tablets

338) Moexipril Hydrochloride and Hy-
drochlorothiazide Tablets

339) Moexipril Hydrochloride Tablets

340) Montelukast Chewable Tablets 341) Montelukast Oral Granules 342) Morphine Sulfate and Naltrexone
Hydrochloride Extended-Release Cap-
sules

343) Morphine Sulfate Oral Solution 344) Morphine Sulfate Oral Solution
Concentrate

345) Moxifloxacin Injection

346) Moxifloxacin Tablets 347) Mycophenolate Mofetil Oral Solu-
tion

348) Nabilone Capsules
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Small Molecules (Drug Products)—As of April 9, 2010 (Continued)

349) Nalbuphine Hydrochloride Injec-
tion

350) Naproxen Extended-Release Ta-
blets

351) Naproxen Sodium Capsules

352) Nelarabine Injection 353) Nelfinavir Tablets 354) Neomycin Sulfate Oral Powder

355) Nepafenac Ophthalmic Suspen-
sion

356) Nesiritide for Injection 357) Nicardipine Hydrochloride Capsules

358) Nicardipine Hydrochloride
Extended-Release Capsules

359) Nicardipine Hydrochloride Injec-
tion

360) Nicotine Inhaler

361) Nicotine Metered-Dose Nasal
Inhaler

362) Nicotine Polacrilex Lozenge 363) Nilutamide Tablets

364) Nisoldipine Extended-Release
Tablets

365) Nitazoxanide for Oral Suspension 366) Nitazoxanide Tablets

367) Nitroglycerin Solution In Acrylic
Adhesive

368) Nizatidine Tablets 369) Ofloxacin Otic Solution

370) Olanzapine for Injection 371) Olopatadine Hydrochloride Nasal
Spray

372) Olsalazine Sodium Capsules

373) Omeprazole Delayed-Release
Tablets

374) Orphenadrine Citrate, Aspirin, and
Caffeine Tablets

375) Oxiconazole Cream

376) Oxycodone and Acetaminophen
Oral Solution

377) Oxymorphone Hydrochloride
Tablets

378) Paclitaxel for Suspension

379) Paliperidone Extended-Release
Tablets

380) Pantoprazole Sodium for Delayed-
Release Suspension

381) Paroxetine Oral Suspension

382) Pazopanib Tablets 383) Peg 3350 for Oral Solution 384) Pemetrexed for Injection

385) Pemirolast Potassium Ophthalmic
Solution

386) Pentamidine Isethionate for Inhala-
tion

387) Pentamidine Isethionate for Injec-
tion

388) Pentobarbital Sodium Supposi-
tories

389) Phendimetrazine Tartrate Ex-
tended-Release Capsules

390) Phenobarbital Capsules

391) P i loca rp ine Hydroch lo r ide
Ophthalmic Gel

392) P i loca rp ine Hydroch lo r ide
Ophthalmic Ointment

393) Pioglitazone and Glimepiride Tablets

394) Pioglitazone and Metformin Hy-
drochlorides Extended-Release Tablets

395) Pioglitazone and Metformin Hy-
drochlorides Tablets

396) Piperonyl Butoxide and Pyrethrins
Aerosol Foam

397) Podofilox Gel 398) Podofilox Topical Solution 399) Poractant Alfa Suspension

400) Porfimer Sodium for Injection 401) Posaconazole Oral Suspension 402) Povidone-Iodine Gauze

403) Povidone-Iodine Topical Aerosol
Foam

404) Pramipexole Dihydrochloride
Tablets

405) Prasugrel Tablets

406) Prednisolone Sodium Phosphate
Oral Solution

407) Progesterone Vaginal Gel 408) Propafenone Hydrochloride
Extended-Release Capsules

409) Propafenone Hydrochloride Ta-
blets

410) Propranolol Hydrochloride
Extended-Release Tablets

411) Pseudoephedrine Hydrochloride
and Brompheniramine Maleate Ex-
tended-
Release Tablets

412) Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Ibupro-
fen Oral Suspension

413) Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Ibupro-
fen Tablets

414) Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Extended-
Release Tablets

415) Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Oral Solu-
tion

416) Pseudoephedrine Sulfate, Dex-
brompheniramine Maleate, and Aceta-
minophen Extended-Release Tablets

417) Quetiapine Fumarate Extended-
Release Tablets

418) Quetiapine Fumarate Tablets 419) Quinapril and Hydrochlorothiazide
Tablets

420) Ranitidine Effervescent Tablets

421) Rifapentine Tablets 422) Rimantadine Hydrochloride Oral
Solution

423) Risperidone Injection

424) Ritonavir Oral Solution 425) Rivastigmine Tartrate Oral Solution 426) Rivastigmine Transdermal System

427) Rizatriptan Benzoate Orally-
Disintegrating Tablets

428) Rizatriptan Benzoate Tablets 429) Rocuronium Bromide Injection

430) Ropinirole Extended-Release Ta-
blets

431) Rosiglitazone and Metformin Hy-
drochloride Tablets

432) Selegiline Hydrochloride Capsules

433) Sertaconazole Nitrate Cream 434) Sertraline Hydrochloride Oral Solu-
tion

435) Sevelamer Carbonate for Oral Sus-
pension

436) Sevelamer Tablets 437) Sibutramine Hydrochloride Cap-
sules

438) Silodosin Capsules

439) Sirolimus Oral Solution 440) Sodium Phenylbutyrate Oral
Powder

441) Sodium Phenylbutyrate Tablets

442) Sodium Phosphates Tablets 443) Sodium Salicylate and Sulfur Sham-
poo

444) Sotalol Hydrochloride Injection

445) Sparfloxacin Tablets 446) Streptozocin for Injection 447) Sucralfate Oral Suspension
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Small Molecules (Drug Products)—As of April 9, 2010 (Continued)

448) Sulconazole Nitrate Cream 449) Sulfacetamide Sodium and Fluoro-
metholone Ophthalmic Suspension

450) Sulfacetamide Sodium and Prednis-
olone Sodium Phosphate Ophthalmic So-
lution

451) Sulfasalazine Oral Suspension 452) Sumatriptan Injection 453) Synthetic Conjugated Estrogens Va-
ginal Cream

454) Tacrolimus Injection 455) Tacrolimus Ointment 456) Tazarotene Topical Gel

457) Telmisartan and Amlodipine Ta-
blets

458) Temozolomide Capsules 459) Temozolomide for Injection

460) Temsirolimus Injection 461) Teniposide Injection 462) Terbinafine Hydrochloride Cream

463) Terbinafine Hydrochloride Oral
Granules

464) Terbinafine Hydrochloride Topical
Spray

465) Terconazole Vaginal Cream

466) Terconazole Vaginal Suppositories 467) Testosterone Transdermal System 468) Theophylline Elixir

469) Theophylline Extended-Release
Tablets

470) Tiludronate Acid Tablets 471) Tinidazole Tablets

472) Tioconazole Vaginal Ointment 473) Tiopronin Tablets 474) Tirofiban Injection

475) Tolterodine Tablets 476) Tolvaptan Tablets 477) Topotecan Capsules

478) Topotecan for Injection 479) Toremifene Tablets 480) Torsemide Injection

481) Trandolapril and Verapamil Hydro-
chloride Extended-Release Tablets

482) Tranexamic Acid Injection 483) Tranexamic Acid Tablets

484) Trastuzumab Intravenous Injection 485) Treprostinil Inhalation Solution 486) Tretinoin Capsules

487) Tretinoin Microsphere Gel 488) Triamcinolone Acetonide Metered-
Dose Nasal Suspension

489) Triamcinolone Acetonide Pressur-
ized Nasal Inhaler

490) Trifluridine Ophthalmic Solution 491) Trimipramine Maleate Capsules 492) Triprolidine and Pseudoephedrine
Hydrochlorides and Codeine Phosphate
Syrup

493) Trolamine Salicylate Gel 494) Troleandomycin for Oral Suspen-
sion

495) Trospium Chloride Tablets

496) Trypan Blue Ophthalmic Solution 497) Unoprostone Isopropyl Ophthal-
mic Solution

498) Valganciclovir Hydrochloride Oral
Solution

499) Valproic Acid Delayed-Release
Capsules

500) Verapamil Hydrochloride Capsules 501) Vigabatrin Tablets

502) Zafirlukast Tablets 503) Zanamivir for Inhalation 504) Zileuton Extended-Release Tablets

505) Zileuton Tablets 506) Zinc Acetate Capsules 507) Ziprasidone for Injection

508) Zoledronic Acid for Injection 509) Zoledronic Acid Injection 510) Zolmitriptan Nasal Spray

511) Zolmitriptan Orally Disintegrating
Tablets

512) Zolmitriptan Tablets 513) Zolpidem Tartrate Oral Spray

514) Zolpidem Tartrate Orally Disinte-
grating Tablets

INACTIVE INGREDIENTS. The following list contains
monographs USP is seeking for inactive ingredients. This
list has been updated as of April 9, 2010.

Monograph sponsors should consult the USP Guideline
for Submit t ing Requests for Rev is ion to USP–NF

at http://www.usp.org/USPNF/submitMonograph/
subGuide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.
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Inactive Ingredients—As of April 9, 2010

1) 1,2,6-Hexanetriol 2) Acetophenone 3) Acetyltryptophan

4) Acrylic Acid And Octyl Acrylate Copo-
lymer

5) Aluminum Hydroxide 6) Calcium Pyrophosphate

7) Carbomer 980 8) Cardamom 9) Carmine

10) Cassia Oil 11) Cedar Leaf Oil 12) Cinnamaldehyde

13) Cinnamon 14) Cinnamon Oil 15) Cysteine

16) Diatomaceous Earth 17) Eucalyptus Oil 18) Hydrocarbon Gel

19) Invert Sugar 20) Isobutyl Alcohol 21) Karaya Gum

22) Lactose Monohydrate–Cellulose,
Microcrystalline

23) Lanolin (aka Wool Fat), Hydroge-
nated

24) Lime Oil

25) Locust Bean Gum 26) Mannose 27) Monosodium Citrate

28) Phenethyl Alcohol 29) Polyethylene 30) Polypropylene Glycol

31) Propenyl Guaethol 32) Sodium Carbonate Decahydrate 33) Sodium Caseinate

34) Sodium Nitrate 35) Sodium Trimetaphosphate 36) Spearmint Oil

37) Stannous Chloride Anhydrous 38) t-Butylhydroquinone 39) Tetrafluoroethane

40) Tristearin (aka Glyceryl Tristearate)
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INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Stan-
dards
� Newly adopted (official) revisions to the USP–NF that become official before the official date of the next Supplement or
that were not ready for adoption by the closing date for the upcoming Supplement. (The official date for these revisions is
stated on the next page.)
� Errata

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

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

Where the symbols appear together with no enclosed text, such as .
., it means that text has been deleted and no new

text was proposed to replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the issue
of a given PF volume.

Errata—Errata are considered to be text, erroneously published in the USP–NF or its Supplements, that do not accurately
reflect the intended official requirements of the Council of Experts. At the end of the Interim Revision Announcement sec-
tion in this publication is a list of errata and corrections to the USP–NF. The page number indicates where the item is
found in USP–NF. Errata lists are updated as necessary in each Pharmacopeial Forum and also appear on USP’s website
(www.usp.org). Errata lists will be cumulative in future Supplements, and the corrected text will appear in the next annual
edition of USP–NF.
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INTERIM REVISION
ANNOUNCEMENT

to USP 32 and to NF 27

By authority of the United States Pharmacopeial Convention, Inc.

Prepared by the Council of Experts and published by the Board of Trustees

Duane M. Kirking, Pharm.D., Ph.D.,
Chair, USP Board of Trustees,

USP Trustee At-Large

Roger L. Williams, M.D., Chief Executive Officer
and Chairman, USP Council of Experts

Susan de Mars, J.D., Chief Documentary Standards Officer and General Counsel
William F. Koch, Ph.D., FACB, Chief Standards Acquisition and Metrology Officer

Released July 1, 2010 Official August 1, 2010

Inquiries regarding USP–NF can be addressed to the USP Executive Secretariat, 12601 Twinbrook Parkway,
Rockville, MD 20852, USA (execsec@usp.org).
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New USP Reference Standards

The following USP Reference Standards, which were
not available when the associated monograph was made
official, have since become available. The respective offi-
cial date of each USP–NF standard, test, or assay requir-
ing the use of the following USP Reference Standards is
indicated in parentheses after the name of the Reference
Standard. Note that the official date is six months after
publishing in this PF.

USP Powdered Echinacea Pallida Extract RS (February 1, 2011)
USP Oleyl Oleate RS (September 1, 2010)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP–NF standards, tests, or as-
says requiring the use of the following new USP Refer-
ence Standards are postponed until further notice
pending availability of the respective Reference Stan-
dards. This listing was updated as of April 7, 2010. Please
refer to the current USP Catalog for a more up-to-date
availability list. The USP Catalog can be accessed on-line
at http://www.uspcatalog.com.

USP Acarbose RS
USP Acarbose System Suitability Mixture RS
USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Eucatropine Hydrochloride RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin Related Compound A RS
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or
pending official publication of USP–NF. If necessary, this list will be updated with every issue of PF. This information will also be
available as a cumulative table in future Supplements and will appear in its corrected form in a future annual edition of USP–NF.
An erratum consists of content erroneously published that does not accurately reflect the intended official or effective requirements
as approved by the Council of Experts. USP staff is available to respond to questions regarding the accuracy of a particular require-
ment by calling 1-800-822-USPC.

USP32–NF27
Page Title Section Description

1354 Stannous Chloride Assay

Line 6: Change ‘‘0.05 N iodine VS’’
to:
0.1 N iodine VS
Line 7: Change ‘‘1 mL of 0.05 N iodine VS’’
to:
1 mL of 0.1 N iodine VS

1864 Cefuroxime Axetil for
Oral Suspension Identification

Line 4: Change ‘‘of the Standard preparation, both relative to
the internal standard, as obtained in the Assay.’’
to:
of the Standard preparation, as obtained in the Assay.

2305
Estradiol and
Norethindrone
Acetate Tablets

Identification, B.

Line 1: Change ‘‘The retention time and UV spectrum of the
major peaks’’
to:
The retention time of the major peaks

Assay

Line 10 under Chromatographic system: Change ‘‘and estrone
acetate’’
to:
and estrone

2755 Leflunomide Tablets Assay

Line 4 under System suitability preparation 2: Change ‘‘add 1 mL
of System suitability preparation 2’’
to:
add 1 mL of System suitability preparation 1

3314 Piperazine Citrate Chromatographic purity
Line 2 under Resolution solution: Change ‘‘triethylamine’’
to:
triethylenediamine

First Supplement to USP32-NF27

3926

h61i Microbiological
Examination of Non-
sterile Products: Micro-
bial Enumeration Tests

Growth Promotion Test,
Suitability of the Counting
Method and Negative
Controls

Table 1, 5th row: Change ‘‘Aspergillus niger’’
to:
Aspergillus brasiliensis
Lines 9 and 12 under Preparation of Test Strains: Change ‘‘A. ni-
ger’’
to:
A. brasiliensis

3934 h71i Sterility Tests Culture Media and Incu-
bation Temperatures

Line 15 under Growth Promotion Test of Aerobes, Anaerobes, and
Fungi: Change ‘‘Aspergillus niger’’
to:
Aspergillus brasiliensis

Second Supplement to USP32-NF27

4211
Oleoyl
Polyoxylglycerides

Identification

Line 15 under test B: Change ‘‘It meets the requirements of the
test for Fatty acid composititon.’’
to:
C: It meets the requirements of the test for Fatty acid compositi-
ton.
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As part of the monograph redesign, complete procedure information is being included in each monograph, rather than directing
the user to another monograph (cross-references) as were utilized in the classic format. As a result of the recall and reissuance of USP
33–NF 28, some official monographs appear in the redesigned format while others remain in the classic format. There are cases
where cross-references from monographs in the classic format to monographs in the redesigned format are no longer operable.
The following table shows the correction of these cross references.

USP32–NF27
Page Title Section Description

1319 Polysorbate 20

Identification

Replace ‘‘A: It meets the requirements of Identification test A
and C under Polysorbate 80.’’
with:
Tests A and C from Polysorbate 80, as follows:
A: To 5 mL of a solution (1 in 20) add 5 mL of sodium hydroxide
TS. Boil for a few minutes, cool, and acidify with 3 N hydrochlo-
ric acid: the solution is strongly opalescent.
C: A mixture of 60 volumes of it and 40 volumes of water yields
a gelatinous mass at normal and lower than normal room tem-
peratures.

Other requirements

Replace ‘‘Other requirements—It meets the requirements for
Water, Residue on ignition, Heavy metals, and Acid value under
Polysorbate 80.’’
with:
Sections Acid value, Water, Residue on ignition, and Heavy metals
from Polysorbate 80, as follows:
Acid value—Weigh 10.0 g into a wide-mouth, 250-mL conical
flask, and add 50 mL of neutralized alcohol. Heat on a steam
bath nearly to boiling, shaking thoroughly occasionally while
heating. Invert a beaker over the mouth of the flask, cool under
running water, add 5 drops of phenolphthalein TS, and titrate
with 0.1 N sodium hydroxide VS: not more than 4 mL of 0.100
N sodium hydroxide is required, corresponding to an acid value
of 2.2.
Water, Method I h921i: not more than 3.0%.
Residue on ignition h281i: not more than 0.25%.
Heavy metals, Method II h231i: 0.001%.

1319 Polysorbate 40

Identification

Replace ‘‘A: It meets the requirements of Identification test A
and C under Polysorbate 80.’’
with:
Tests A and C from Polysorbate 80, as follows:
A: To 5 mL of a solution (1 in 20) add 5 mL of sodium hydroxide
TS. Boil for a few minutes, cool, and acidify with 3 N hydrochlo-
ric acid: the solution is strongly opalescent.
C: A mixture of 60 volumes of it and 40 volumes of water yields
a gelatinous mass at normal and lower than normal room tem-
peratures.

Other requirements

Replace ‘‘Other requirements—It meets the requirements for
Water, Residue on ignition, Heavy metals, and Acid value under
Polysorbate 80.’’
with:
Sections Acid value, Water, Residue on ignition, and Heavy metals
from Polysorbate 80, as follows:
Acid value—Weigh 10.0 g into a wide-mouth, 250-mL conical
flask, and add 50 mL of neutralized alcohol. Heat on a steam
bath nearly to boiling, shaking thoroughly occasionally while
heating. Invert a beaker over the mouth of the flask, cool under
running water, add 5 drops of phenolphthalein TS, and titrate
with 0.1 N sodium hydroxide VS: not more than 4 mL of 0.100
N sodium hydroxide is required, corresponding to an acid value
of 2.2.
Water, Method I h921i: not more than 3.0%.
Residue on ignition h281i: not more than 0.25%.
Heavy metals, Method II h231i: 0.001%.
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USP32–NF27
Page Title Section Description

1319 Polysorbate 60

Identification

Replace ‘‘A: It meets the requirements of Identification test A
and C under Polysorbate 80.’’
with:
Tests A and C from Polysorbate 80, as follows:
A: To 5 mL of a solution (1 in 20) add 5 mL of sodium hydroxide
TS. Boil for a few minutes, cool, and acidify with 3 N hydrochlo-
ric acid: the solution is strongly opalescent.
C: A mixture of 60 volumes of it and 40 volumes of water yields
a gelatinous mass at normal and lower than normal room tem-
peratures.

Other requirements

Replace ‘‘Other requirements—It meets the requirements for
Water, Residue on ignition, Heavy metals, and Acid value under
Polysorbate 80.’’
with:
Sections Acid value, Water, Residue on ignition, and Heavy metals
from Polysorbate 80, as follows:
Acid value—Weigh 10.0 g into a wide-mouth, 250-mL conical
flask, and add 50 mL of neutralized alcohol. Heat on a steam
bath nearly to boiling, shaking thoroughly occasionally while
heating. Invert a beaker over the mouth of the flask, cool under
running water, add 5 drops of phenolphthalein TS, and titrate
with 0.1 N sodium hydroxide VS: not more than 4 mL of 0.100
N sodium hydroxide is required, corresponding to an acid value
of 2.2.
Water, Method I h921i: not more than 3.0%.
Residue on ignition h281i: not more than 0.25%.
Heavy metals, Method II h231i: 0.001%.
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USP32–NF27
Page Title Section Description

1969
Clindamycin
Palmitate Hydrochlo-
ride for Oral Solution

Assay

Change
‘‘Internal standard solution and Standard preparation—Prepare
as directed in the Assay under Clindamycin Palmitate Hydrochlo-
ride.
Assay preparation—Constitute the Clindamycin Palmitate Hy-
drochloride for Oral Solution as directed in the labeling, and
transfer 5.0 mL of the constituted solution to a glass-stoppered,
15-mL conical centrifuge tube. Add 5.0 mL of Internal standard
solution and 1 mL of sodium carbonate solution (3 in 10), and
proceed as directed for Standard preparation in the Assay under
Clindamycin Palmitate Hydrochloride beginning with ‘‘Insert the
stopper, shake vigorously. . .’’.
Chromatographic system—Proceed as directed in the Assay un-
der Clindamycin Palmitate Hydrochloride.
Procedure—Proceed as directed in the Assay under Clindamycin
Palmitate Hydrochloride. Calculate the quantity, in mg, of
C18H33ClN2O5S in each mL of the solution constituted from Clin-
damycin Palmitate Hydrochloride for Oral Solution taken by the
formula:
(F / 1000)(WS / V)(RU / RS)
in which V is the volume, in mL, of constituted solution from
Clindamycin Palmitate Hydrochloride for Oral Solution taken,
and the other terms are as defined therein.’’
to:
Internal standard solution—Dissolve cholesteryl benzoate in
chloroform to obtain a solution containing about 5 mg per mL.
Standard preparation—Transfer about 150 mg of USP Clindamy-
cin Palmitate Hydrochloride RS, accurately weighed, to a glass-
stoppered, 15-mL conical centrifuge tube. Add 5 mL of water,
5.0 mL of Internal standard solution, and 1 mL of sodium carbo-
nate solution (3 in 10), and mix. Insert the stopper, shake vig-
orously for not less than 10 minutes, and centrifuge. Remove
the upper aqueous layer, and transfer 1.0 mL of the lower chlo-
roform layer to a 15-mL centrifuge tube. Add 1.0 mL of pyridine
and 1.0 mL of acetic anhydride. Agitate the tube to ensure com-
plete mixing, cover the top of the centrifuge tube with a plastic
cap through which a small hole has been punched, heat at 1008
for 2.5 hours, and allow to cool. Mix, and centrifuge, if neces-
sary. Use the clear solution.
Assay preparation—Constitute the Clindamycin Palmitate Hy-
drochloride for Oral Solution as directed in the labeling, and
transfer 5.0 mL of the constituted solution to a glass-stoppered,
15-mL conical centrifuge tube. Add 5.0 mL of Internal standard
solution and 1 mL of sodium carbonate solution (3 in 10), and
proceed as directed for Standard preparation beginning with
‘‘Insert the stopper, shake vigorously. . .’’.
Chromatographic system (see Chromatography h621i)—The gas
chromatograph is equipped with a flame-ionization detector
and contains a 0.6-m 6 3-mm glass column packed with 1 per-
cent phase G36 on support S1AB. The column and detector are
maintained at about 2908 and 3208, respectively. Dry helium is
used as the carrier gas at a flow rate of about 60 mL per minute.
Procedure—Separately inject equal volumes of about 1.0 mL of
the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the
responses for the major peaks. In a suitable chromatogram the
resolution of the peaks is complete. The elution order is: choles-
teryl benzoate, clindamycin palmitate. Calculate the quantity,
in mg, of C18H33ClN2O5S in each mL of the solution constituted
from Clindamycin Palmitate Hydrochloride for Oral Solution
taken by the formula:
(F / 1000)(WS / V)(RU / RS)
in which F is the potency, in mg of clindamycin per mg, of the
USP Clindamycin Palmitate Hydrochloride RS; WS is the weight,
in mg, of USP Clindamycin Palmitate Hydrochloride RS in the
Standard preparation; V is the volume, in mL, of the constituted
solution from Clindamycin Palmitate Hydrochloride for Oral So-
lution; RU and RS are the ratios of the peak response of clindamy-
cin palmitate to that of cholesteryl benzoate obtained from the
Assay preparation and the Standard preparation, respectively.
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Following is a list of errata and corrections to the USP 33–NF 28 Reissue. The page number indicates where the item is found.

U S P 3 3 –
NF28
Reissue
Page

Title CATEGORY
Section Description

R-4 USP General Notices
and Requirements

8.240. Weights and
Measures

Row 22, column 1, in Symbols and units table: Change
‘‘pg = pictogram’’
to:
pg = picogram

R-89

h941i Characteriza-
tion of Crystalline
and Partially Crystal-
line Solids by X-ray
Powder Diffraction
(XRPD)

SPECIMEN PREPARA-
TION AND MOUNT-
ING
Specimen Mounting

Line 12 under Effect of Specimen Displacement: Move the ex-
pression
‘‘[cos�’1]’’ to line 5 above, to read:
(typically of the order of 0.018 in 2� at low angles [cos�’1] for
a displacement D = 15 mm)

R-316

Oil- and Water-
So lub le Vi tamins
with Minerals Cap-
sules

STRENGTH
Biotin, Method 2

Line 1 under Cystine-tryptophan solution: Change ‘‘Suspend
4.0 g of L-cystine in 1.0 g of L-tryptophan’’
to:
Suspend 4.0 g of L-cystine and 1.0 g of L-tryptophan

STRENGTH
Thiamine, Method 2

Line 1 under Analysis, Samples: Change ‘‘Standard solution and
Standard solution’’
to:
Standard solution and Sample solution

R-341

Oil- and Water-
So lub le Vi tamins
with Minerals Tab-
lets

STRENGTH
Biotin, Method 2

Line 1 under Cystine-tryptophan solution: Change ‘‘Suspend
4.0 g of L-cystine in 1.0 g of L-tryptophan’’
to:
Suspend 4.0 g of L-cystine and 1.0 g of L-tryptophan

R-425 Olive Oil SPECIFIC TESTS
Absence of Sesame Oil

Line 2 under Analysis: Change ‘‘0.35 (v/v) solution’’
to:
0.35% (v/v) solution

R-435 Polyvinyl Acetate
Dispersion

ASSAY
Procedure

Insert after the list of variable definitions:
Acceptance criteria: The content of polyvinyl acetate is
25.0%–30.0%.

R-505 Methylene Blue
Injection, Veterinary

ASSAY
Procedure

Line 1 under Acceptance criteria: Change ‘‘9.5–10.5 mg/mL of
the labeled amount of C16H18ClN3S � 3H2O’’
to:
9.5–10.5 mg/mL of C16H18ClN3S � 3H2O

R-543
Tiagabine
Hydrochloride Oral
Suspension

ASSAY
Procedure

Line 3 under Chromatographic system: Add
Column: 3.0-mm 6 15-cm; packing L10
Under System suitability, Suitability requirements: Change
‘‘Replicate standard deviation’’
to:
Relative standard deviation
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PROPOSED
INTERIM REVISION
ANNOUNCEMENTS

This section includes proposals for Interim Revision Announcements (IRAs) that will be published as official USP or NF
standards. There is a 60-day comment period for these proposals, beginning on the 15th of the first month of this
Pharmacopeial Forum. The approved official text will be published in a future Pharmacopeial Forum and additionally in
the ‘‘New Official Text’’ section of USP’s web site (www.usp.org). Readers should review material in this section and
provide comments to the Scientific Liaison (use the Staff Directory to find the contact information). Information on
how to comment is found in the Policies and Announcements section. It is important to send comments promptly so that
the Expert Committee members can consider readers’ input as they are deciding whether to advance standards to official
status.

Each proposal is preceded by a Briefing that indicates the proposed revisions.
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AnalysisUSP MONOGRAPHS Samples:  Standard solution and Sample solution
Develop the chromatographic plate in a methanol prewash
tank, and dry it, for maximum sensitivity, NMT 2 h before
use. Score it about 15 cm above the points of application.
Apply the Standard solution and the Sample solution about
2.5 cm from the lower edge of the plate, and dry thor-

BRIEFING oughly (a current of cool air may be used to help dry the
spots). Place the plate in the nonequilibrated developing
chamber that contains a paper liner around the back and

Vincristine Sulfate Injection,  USP 33 Reissue page R-558. sides and developing solvent to a depth of 2 cm. Remove
The Food and Drug Administration and the Institute for Safe the plate when the solvent moves to the scored line (about
Medication Practices have expressed continuing concerns 80 min), and discard the solvent system. Dry the plate in a
regarding misadministration of Vincristine Sulfate Injection via fume hood at room temperature, heat on a metal plate on
the intrathecal route, despite the extensive label warnings. The a steam bath for 15 min, and spray the plate while still hot
current label warning states “Fatal if given intrathecally, for with Spray reagent. Continue heating the plate for 15 min
intravenous use only.” Because the word “intrathecally” appears to stabilize the spots.
on the label, health care practitioners can misperceive the route Acceptance criteria:  The RF value and the color of the princi-
of administration and actually deliver the medicine by this fatal pal spot from the Sample solution correspond to those from
route. At the request of the Nomenclature and Safe Medication the Standard solution.
Use Expert Committees, the Monograph Development—
Ophthalmology, Oncology, and Dermatology Expert Committee

Add the following:is proposing a revision to the Labeling section to change the
label statement to “For Intravenous Use Only - Fatal If Given By
Other Routes.” This statement also harmonizes with recent ▲• B.  The retention time of the major peak in the Sample solu-World Health Organization recommendations. The comment tion corresponds to that of the Standard solution, as obtainedperiod for this revision ends on September 15, 2010. In the in the Assay.▲USP33absence of negative comments, it is proposed to implement this
revision through an Interim Revision Announcement with an ASSAY
official date of December 1, 2010. • PROCEDURE

Solution A:  Diethylamine and water (1:59). Adjust with phos-
phoric acid to a pH of 7.5.

Mobile phase:  Methanol and Solution A (7:3)(MD-OOD: F. Mao.) RTS—C86060
System suitability solution:  1 mg/mL each of USP Vincristine
Sulfate RS and USP Vinblastine Sulfate RS in water

Standard solution:  1 mg/mL of USP Vincristine Sulfate RS in
waterVincristine Sulfate Injection

Sample solution:  Nominally 1 mg/mL, from the Injection in
waterDEFINITION Chromatographic systemVincristine Sulfate Injection is a sterile solution of Vincristine Sul- (See Chromatography 〈621〉, System Suitability.)fate in Water for Injection. It contains NLT 90.0% and NMT Mode:  LC110.0% of the labeled amount of vincristine sulfate Detector:  UV 297 nm(C46H56N4O10 · H2SO4). Precolumn:  Porous silica gel packing[CAUTION—Handle Vincristine Sulfate Injection with great care be- Guard column:  2- to 5-cm, packing L1cause it is a potent cytotoxic agent.] Column:   4.6-mm × 25-cm, packing L7
Flow rate:  1.5 mL/minIDENTIFICATION
Injection size:  10 µL

System suitability
Change to read: Samples:  System suitability solution and Standard solution

Suitability requirements
Resolution:  NLT 4.0 between vincristine sulfate and vin-• ▲A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST blastine sulfate, System suitability solution〈201〉▲USP33 Relative standard deviation:  NMT 2.0%, Standard

Standard solution:  10 mg/mL of USP Vincristine Sulfate RS in solution
dichloromethane and methanol (3:1) Analysis

Sample solution:  Transfer a volume of Injection, equivalent to Samples:  Standard solution and Sample solution
2 mg of vincristine sulfate, to a small centrifuge tube. For Calculate the percentage of C46H56N4O10 · H2SO4 in the Injec-
each mL of solution add 1 drop of ammonium hydroxide. Add tion taken:
0.2 mL of dichloromethane. Place the cap on the tube, shake
it vigorously for NLT 1 min, and centrifuge for 1 min. Care- Result = (rU/rS) × (CS/CU) × 100
fully withdraw the dichloromethane layer, and transfer to a
small stoppered vial. rU = peak response from the Sample solution

Chromatographic system rS = peak response from the Standard solution
(See Chromatography 〈621〉, Thin-Layer Chromatography.) CS = concentration of USP Vincristine Sulfate RS, cor-
Mode:  TLC rected for loss in weight in the Standard solu-
Adsorbent:  0.25-mm layer of chromatographic silica gel tion (mg/mL)
mixture CU = nominal concentration of vincristine sulfate in

Application volume:  20 µL the Sample solution (mg/mL)
Developing solvent system:  Fresh ether, methanol, and Acceptance criteria:  90.0%–110.0%
methylamine solution (2 in 5) (19:2:1)

IMPURITIESSpray reagent:  Dissolve 2.0 g of ceric ammonium sulfate in
Organic Impurities100 mL of water with heating and stirring, and slowly add
• PROCEDURE100 mL of phosphoric acid. Filter if necessary.

System suitability solution, Standard solution, and System
suitability:  Proceed as directed in the Assay.
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Solution A:  Diethylamine and water (3:197). Adjust with Change to read:
phosphoric acid to a pH of 7.5.

Solution B:  Methanol
Solution C:  Prepare a suitable dilution of any preservative • LABELING:  The label states: “Fatal If Given Intrathecally. For
present in the Injection, as identified in the labeling. Intravenous Use Only.”•The label states: “For Intravenous Use

Mobile phase:  See the gradient table below. Only - Fatal If Given By Other Routes.”•6

Where labeled as containing more than 2 mg, it must also be
labeled as a Pharmacy Bulk Package (see Injections 〈1〉). TheTime Solution A Solution B
labeling directs that the drug be dispensed only in containers(min) (%) (%)
enclosed in an overwrap labeled as directed below. When

0 38 62 packaged in a Pharmacy Bulk Package, it is exempt from the
12 38 62 requirement under Injections 〈1〉 that the closure be pene-
27 8 92 trated only one time after constitution with a suitable sterile
29 38 62 transfer device or dispensing set, when it contains a suitable

substance or mixture of substances to prevent the growth of34 38 62
microorganisms.

Sample stock solution:  1 mg/mL of vincristine sulfate from When dispensed, the container or syringe (holding the indi-
the Injection in water vidual dose prepared for administration to the patient) must
Sample solution:  0.04 mg/mL in water from the Sample be enclosed in an overwrap bearing the statement: “Do Not
stock solution Remove Covering Until Moment of Injection. Fatal If Given

Chromatographic system:  Proceed as directed in the Assay, Intrathecally. For Intravenous Use Only.”•For Intravenous Use
except to use a flow rate of 2 mL/min and an injection size Only - Fatal If Given By Other Routes.”•6

of 200 µL. • USP REFERENCE STANDARDS 〈11〉
Analysis USP Endotoxin RS

Samples:  Solution C, Sample stock solution, and Sample USP Vinblastine Sulfate RS. [NOTE—No loss on drying determi-
solution nation is needed.]

Calculate the percentage of each impurity in the portion of USP Vincristine Sulfate RS
Injection taken:

Result = [rU/(ΣrU + 25rS)] × 100
BRIEFING

rU = peak response for each impurity from the Sam-
ple stock solution

rS = peak response for vincristine from the Sample Vincristine Sulfate for Injection,  USP 33 Reissue page R-
solution 556. The Food and Drug Administration and the Institute for

Calculate the percentage of total impurities: Safe Medication Practices have expressed continuing concerns
regarding misadministration of Vincristine Sulfate for Injection

Result = [(ΣrU/(ΣrU + 25rS)] × 100 via the intrathecal route, despite the extensive label warnings.
The current label warning states “Fatal if given intrathecally, for

rU = peak response for each impurity from the Sam- intravenous use only.” Because the word “intrathecally” appears
ple stock solution on the label, health care practitioners can misperceive the route

rS = peak response for vincristine from the Sample of administration and actually deliver the medicine by this fatal
solution route. At the request of the Nomenclature and Safe Medication

Acceptance criteria Use Expert Committees, the Monograph Development—Oph-
Individual impurities:  See Impurity Table 1. thalmology, Oncology, and Dermatology Expert Committee is
Total impurities:  NMT 6.0% proposing a revision to the Labeling section to change the label

statement to “For Intravenous Use Only - Fatal If Given By Other
Impurity Table 1 Routes.” This statement also harmonizes with recent World

Health Organization recommendations. The comment period forRelative Acceptance this revision ends on September 15, 2010. In the absence ofRetention Criteria, negative comments, it is proposed to implement this revisionName Time NMT (%) through an Interim Revision Announcement with an official date
Vincristine 1.0 — of December 1, 2010.
N-Desformylvincristine 1.4 ± 0.1 3.0
Any other individual
impurity — 2.0 (MD-OOD: F. Mao.) RTS—C86061

[NOTE—Make a suitable dilution of any preservative present in the
Injection as identified in the labeling and determine the retention
time. Disregard any peaks at these retention times for the calcula- Vincristine Sulfate for Injectiontions of any other individual impurity and total impurities.]

SPECIFIC TESTS DEFINITION
• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 62.5 USP Vincristine Sulfate for Injection is a sterile mixture of Vincristine

Endotoxin Units/mg of vincristine sulfate. Sulfate with suitable diluents. It contains NLT 90.0% and NMT
• PH 〈791〉:  3.5–5.5 110.0% of the labeled amount of vincristine sulfate
• STERILITY TESTS 〈71〉:  Meets the requirements (C46H56N4O10 · H2SO4). 
• OTHER REQUIREMENTS:  It meets the requirements under Injec- [CAUTION—Handle Vincristine Sulfate for Injection with great care

tions 〈1〉, Labeling. because it is a potent cytotoxic agent.]

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in light-resistant, glass con-

tainers, in a refrigerator.
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IDENTIFICATION Mode:  LC
Detector:  UV 297 nm
Pre-column:  Porous silica gel packingChange to read: Guard column:  2- to 5-cm, packing L1
Column:  4.6-mm × 25-cm, packing L7
Flow rate:  1.5 mL/min• ▲A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
Injection size:  10 µL〈201〉▲USP33

System suitabilityStandard solution:  10 mg/mL of USP Vincristine Sulfate RS in
Samples:  System suitability solution and Standard solutiondichloromethane and methanol (3:1)
Suitability requirementsSample stock solution:  25 mg/mL of vincristine sulfate from

Resolution:  NLT 4.0 between vincristine sulfate and vin-Vincristine Sulfate for Injection in water
blastine sulfate, System suitability solution. [NOTE—For aSample solution:  10 mg/mL of vincristine sulfate from Sam-
particular column, the resolution may be increased by in-ple stock solution in methanol
creasing the proportion of water in Mobile phase.]Chromatographic system

Relative standard deviation:  NMT 2.0%, Standard (See Chromatography 〈621〉, Thin-Layer Chromatography.)
solutionMode:  TLC

AnalysisAdsorbent:  0.25-mm layer of chromatographic silica gel
Samples:  Standard solution and Sample solutionmixture
Calculate the percentage of C46H56N4O10 · H2SO4 in the por-Application volume:  20 µL
tion of Vincristine Sulfate for Injection taken:Developing solvent system:  Fresh ether, methanol, and a

(2 in 5) methylamine solution (19:2:1) Result = (rU/rS) × (CS/CU) × 100Spray reagent:  Dissolve 2.0 g of ceric ammonium sulfate in
100 mL of water with heating and stirring, and slowly add rU = peak response from the Sample solution100 mL of phosphoric acid. Filter if necessary. rS = peak response from the Standard solutionAnalysis:  Develop blank plate in a methanol prewash tank, CS = concentration of USP Vincristine Sulfate RS, cor-and dry it, for maximum sensitivity, NMT 2 h before use. rected for loss in weight, in the Standard solu-Score it about 15 cm above the points of application. Apply tion (mg/mL)the Sample solution and Standard solution at points about 2.5 CU = nominal concentration of vincristine sulfate incm from the lower edge of the plate, and dry thoroughly (a the Sample solution (mg/mL)current of cool air may be used to help dry the spots). Place Acceptance criteria:  90.0%–110.0%the plate in the nonequilibrated developing chamber that

contains a paper liner around the back and sides and Develop- PERFORMANCE TESTS
ing solvent system to a depth of about 2 cm. Remove the plate • UNIFORMITY OF DOSAGE UNITS, Content Uniformity 〈905〉
when the solvent moves to the scored line (about 80 min), Buffer solution:  Dissolve 6.3 g of ammonium formate in
and discard the solvent system. Dry the plate in a fume hood about 900 mL of water, adjust with formic acid to a pH of 5.0
at room temperature, heat on a metal plate on a steam bath while stirring, and dilute with water to 1000 mL.
for about 15 min, and spray the plate while still hot with Standard solution:  40 µg/mL of USP Vincristine Sulfate RS in
Spray reagent. Continue heating the plate for 15 min to stabi- Buffer solution
lize the spots. Sample solution:  Between 40 and 50 µg/mL of Vincristine

Acceptance criteria:  The RF value and the color of the princi- Sulfate in Buffer solution. [NOTE—Dissolve the contents of 1
pal spot from the Sample solution correspond to those from container of Vincristine Sulfate for Injection in a suitable vol-
the Standard solution. ume of Buffer solution.]

Spectrometric conditions
(See Spectrophotometry and Light-Scattering 〈851〉.)Add the following:
Mode:  UV
Cell:  1 cm
Absorbance:  262 nm▲• B.  The retention time of the major peak in the Sample solu-
Blank:  Buffer solutiontion corresponds to that of the Standard solution, as obtained

Analysisin the Assay.▲USP33
Samples:  Standard solution and Sample solution

ASSAY Calculate the quantity, in mg, of C46H56N4O10 · H2SO4 in the
• PROCEDURE container taken:

Solution A:  Diethylamine and water (1:59). Adjust with phos-
phoric acid to a pH of 7.5. Result = (AU/AS) × CS × V × F

Mobile phase:  Methanol and Solution A (70:30)
AU = absorbance of the Sample solutionSystem suitability solution:  1 mg/mL each of USP Vincristine
AS = absorbance of the Standard solutionSulfate RS and USP Vinblastine Sulfate RS in water
CS = concentration of USP Vincristine Sulfate RS in theStandard solution:  1 mg/mL of USP Vincristine Sulfate RS in

Standard solution (µg/mL)water
V = final volume of the Sample solutionSample solution:  1 mg/mL of vincristine sulfate (from Vincris-
F = unit conversion factor, 0.001 mg/µgtine Sulfate for Injection) in water

Acceptance criteria:  Meets the requirements for solids[NOTE—Shake to mix.]
Chromatographic system

IMPURITIES(See Chromatography 〈621〉, System Suitability.)
Organic Impurities
• PROCEDURE

Solution A:  Diethylamine and water (3:197). Adjust with
phosphoric acid to a pH of 7.5.
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Solution B:  Methanol • CONSTITUTED SOLUTION:  At the time of use, it meets the re-
Mobile phase:  See gradient table below. quirements for Injections 〈1〉, Constituted Solutions.

• OTHER REQUIREMENTS:  It meets the requirements for Injections
〈1〉, Labeling.Time Solution A Solution B

 (min)  (%)  (%) ADDITIONAL REQUIREMENTS
0 38 62 • PACKAGING AND STORAGE:  Preserve as described in Injections
12 38 62 〈1〉, Containers for Sterile Solids, in a refrigerator.
27 8 92
29 38 62 Change to read:
34 38 62

System suitability solution, Standard solution, and System • LABELING:  The label states, “Fatal If Given Intrathecally. For
suitability:  Proceed as directed in the Assay. Intravenous Use Only.”•The label states, “For Intravenous Use
Sample solution A:  Equivalent to 1 mg/mL of vincristine Only - Fatal If Given By Other Routes”.•6 Where labeled as
sulfate in water from Vincristine Sulfate for Injection containing more than 2 mg, it must also be labeled as a Phar-

Sample solution B:  0.04 mg/mL of vincristine sulfate from macy Bulk Package (see Injections 〈1〉). The labeling directs that
Sample solution A the drug be dispensed only in containers enclosed in an over-

Chromatographic system:  Proceed as directed in the Assay, wrap labeled as directed below. When packaged in a Pharmacy
except use a flow rate of 2 mL/min and an injection size of Bulk Package, it is exempt from the requirement under Injec-
200 µL. tions 〈1〉 that the closure be penetrated only one time after

Analysis constitution with a suitable sterile transfer device or dispensing
Samples:  Sample solution A and Sample solution B set, when it contains a suitable substance or mixture of sub-
Calculate the percentage of each individual impurity in Vin- stances to prevent the growth of microorganisms.
cristine Sulfate for Injection: When dispensed, the container or syringe (holding the indi-

vidual dose prepared for administration to the patient) must
Result = [rU/(ΣrU + 25rS)] × 100 be enclosed in an overwrap bearing the statement, “Do Not

Remove Covering Until Moment of Injection. Fatal If Given
rU = peak response of each related substance appear- Intrathecally. For Intravenous Use Only.”•For Intravenous Use

ing after the solvent peak from Sample solution Only - Fatal If Given By Other Routes.”•6
A • USP REFERENCE STANDARDS 〈11〉

rS = peak response of vincristine from Sample solution USP Endotoxin RS
B USP Vinblastine Sulfate RS. [NOTE—No loss on drying determi-

Calculate the percentage of total impurities in Vincristine nation is needed for USP Vinblastine Sulfate RS.]
Sulfate for Injection: USP Vincristine Sulfate RS

Result = [ΣrU/(ΣrU + 25rS)] × 100

rU = peak response of each related substance appear-
ing after the solvent peak from Sample solution
A

rS = peak response of vincristine from Sample solution
B

Acceptance criteria
Individual impurities:  NMT 2.0%
Total impurities:  NMT 5.0%

SPECIFIC TESTS
• STERILITY TESTS 〈71〉:  Meets the requirements
• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 100.0 USP

Endotoxin Units/mg of vincristine sulfate.
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IN-PROCESS REVISION
This section contains proposals for adoption as official USP or NF standards (either proposed new standards or proposed
revisions of current USP or NF standards). These may be any of the following: (1) proposed revisions placed directly under
In-Process Revision, or (2) modifications of revisions previously proposed under In-Process Revision. Readers should review
material in this section and provide comments to the staff liaison (use the Staff Directory to find the contact information).
Information on how to comment is found in the Policies and Announcements section. It is important to send comments
promptly so that the Committee members can consider readers’ input as they are deciding whether to advance stan-
dards to official status.

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

BRIEFING

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

(DSI: D. Sarma.) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. Because of
the redesign of monographs, any proposed new text with revisions for USP 33–NF 28 and beyond will be set off from the
current official text by shading where the symbols surround the text changes. Standards that become official as Interim
Revision Announcements (IRAs) in Pharmacopeial Forum will continue to identify changed text in a larger font (print edition
only). All USP–NF revisions use the following symbols that indicate the final destination of the official text: .new text. if
slated for an IRA;

~

new text
~

if slated for USP–NF; and &new text& if slated for a Supplement to USP–NF. The same symbols
not set off by an extra paragraph break and enclosing text with no increase in type size indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as .

., or &
&, or

~

~
, it means that text has

been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA or Supplement or in-
dicates the USP or NF as the publication where the revision will appear if approved. For example, .2 indicates that the
revision is proposed for the Interim Revision Announcement that will appear in issue 2 of a given PF volume, &2S (USP 32)

indicates that the proposed revision is slated for the Second Supplement to USP 32, and
~USP33 and

~NF28 indicates that
the revisions are proposed for USP 33 and NF 28, respectively.

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

In-P
rocess

R
evision
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using a magnetic stirrer. Add 10% of the flask volume of Dilu-USP MONOGRAPHS ent, mix, and allow it to cool to room temperature. Dilute the
resulting suspension with methanol to volume, stir, and allow
to settle for 30 min.

Sample solution:  0.03 mg/mL of alfuzosin hydrochloride in
Diluent, from the Sample stock solution supernatant

Chromatographic system
BRIEFING (See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Detector:  UV 254 nm

Alfuzosin Hydrochloride Extended-Release Tablets. Column:  4.6-mm × 15-cm; 5-µm packing L1
Because there is no existing USP monograph for this dosage Flow rate:  1.5 mL/min
form, a new monograph is proposed. The liquid Injection size:  20 µL
chromatographic tests in the Assay and in the Procedure for System suitability
Organic Impurities are based on analyses per formed with an Sample:  Standard solution
Inertsil ODS2 brand of L1 column. The typical retention time for Suitability requirements
alfuzosin is about 7 min. Tailing factor:  0.8–1.5 for alfuzosin

Relative standard deviation:  NMT 2.0%
Analysis
Samples:  Standard solution and Sample solution(MD-PS: D. Vicchio. BPC: M. Marques.) RTS—C51238
Calculate the percentage of C 19H27N5O4 · HCl in the portion
of Tablets taken:

Result = (r U/rS) × (CS/CU) × 100

Add the following: rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Alfuzosin Hydrochloride RS

■Alfuzosin Hydrochloride Extended- in the Standard solution (mg/mL)
CU = nominal concentration of the Sample solutionRelease Tablets

(mg/mL)
Acceptance criteria:  90.0%–110.0%DEFINITION

Alfuzosin Hydrochloride Extended-Release Tablets contain NLT PERFORMANCE TESTS
90.0% and NMT 110.0% of the labeled amount of • DISSOLUTION 〈711〉
C19H27N5O4 · HCl. Medium:  0.01 N hydrochloric acid; 500 mL

Apparatus 2:  100 rpm, with T ablet holder (see Figure 1).IDENTIFICATION
• A. INFRARED ABSORPTION 〈197K〉

Sample:  Grind 2 Tablets and add 10 mL of water. [ NOTE—
When analyzing multi-layer Tablets, isolate the layer contain-
ing alfuzosin hydrochloride using a suitable tool.] Add 10 mL
of strong ammonia solution. Extract with 10 mL of methylene
chloride and separate the organic layer. Repeat the extraction
successively with 10 mL, then with 5 mL of methylene chlo-
ride. Wash the combined organic layers with 10 mL of water.
Dry the organic solution. T ake 2.0 mL of the solution and mix
with 200 mg of finely ground potassium bromide. Evaporate
the methylene chloride at 60 °, then at 105 ° for 30 min. Make
a disc. [NOTE—A phase separation filter has been shown to be
suitable for dr ying the organic extract.]

Acceptance criteria:  The maxima of the spectrum corre-
spond in position and relative intensity to those in the spec-
trum obtained with USP Alfuzosin Hydrochloride RS, treated in
the same manner as the Sample, beginning with “add 10 mL
of water.”

• B.  The retention time of the major peak of the Sample solu-
tion corresponds to that of the Standard solution, as obtained

Figure 1. Note—37.5-mm (l) × 20-mm (d) stainless steel cylindersin the Assay.
are used as sample holders. The cylinders contain screw caps

ASSAY drilled with seven 4.5-mm holes. Seven 4.5-mm holes are drilled
• PROCEDURE in the bottom, and 12 longitudinal series of five 5-mm holes are

Solution A:  5.0 mL of per chloric acid in 900 mL of water. drilled on the cylinders, alternatively starting and ending with one
Adjust with 2 M sodium hydroxide to a pH of 3.5, and dilute 1.7-mm hole.
with water to 1000 mL.

Times:  1, 6, 12, and 20 hMobile phase:  Acetonitrile, tetrahydrofuran, and Solution A
Sample solution:  Pass a portion of the solution under test(20:1:80)
through a suitable filter.Diluent:  0.01 N hydrochloric acid

Standard solution:  L/500 (mg/mL) of USP Alfuzosin Hydro-Standard stock solution:  0.15 mg/mL of USP Alfuzosin Hy-
chloride RS in Medium, where L is the T ablet label claim in mgdrochloride RS in methanol

Detector:  UV 330 nmStandard solution:  0.03 mg/mL of USP Alfuzosin Hydrochlo-
Blank:  Mediumride RS in Diluent, from the Standard stock solution
Path length:  1 cmSample stock solution:  Place a suitable number of T ablets
Tolerances:  The percentages of the labeled amount of al-into a suitable volumetric flask to obtain a solution having a
fuzosin dissolved at the times specified conform to the follow-concentration of 0.16 mg/mL of alfuzosin hydrochloride. Add
ing acceptance table.80% of the flask volume of methanol, and stir for at least 1 h
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Acceptance criteriaTime
Level Amount Dissolved Individual Impurities:  See Impurity Table 1.(h)

Total impurities:  NMT 0.80%Each Tablet:L1
1 10%–20%

Impurity Table 16 40%–55%
12 65%–85% Relative Acceptance

Name  Retention  Criteria,20 NLT 85%
Time  NMT (%)Average of 12 Tablets complies with L1L2

Impurity Da 0.46 0.40and each Tablet:
Impurity Eb 0.50 0.301 9%–22%
Alfuzosin 1.0 —6 36%–61%
Impurity Ac 1.18 d12 59%–94%
Any individual unspecified20 NLT 77% — 0.20
impurityAverage of 24 Tablets complies with L1,L3

a N-(4-Amino-6,7-dimethoxyquinazolin-2-yl)-N-methylpropane-1,3-diamine.NMT 2 Tablets outside L2, and all T ab-
b N-[3-[(4-Amino-6,7-dimethoxyquinazolin-2-lets within:
yl)(methyl)amino]propyl]formamide.1 8%–24%

c N-[3-[(4-Amino-6,7-dimethoxyquinazolin-2-yl)(methyl)amino]propyl]furan-2-6 32%–66%
carboxamide.

12 52%–102% d Impurity A, a component of USP Alfuzosin System Suitability Mixture RS, is
20 NLT 68% not a specified impurity.

• UNIFORMITY OF DOSAGE UNITS 〈905〉  Meets the requirements
ADDITIONAL REQUIREMENTS

IMPURITIES • PACKAGING AND STORAGE:  Protect from light and moisture.
Organic Impurities Store at controlled room temperature
• PROCEDURE • USP REFERENCE STANDARDS 〈11〉

Solution A, Mobile phase, Diluent, Sample solution, and USP Alfuzosin Hydrochloride RS
Chromatographic system:  Proceed as directed in the USP Alfuzosin System Suitability Mixture RS—Alfuzosin hydro-
Assay. chloride containing approximately 0.4% of each of the fol-

System suitability solution:  0.4 mg/mL of USP Alfuzosin lowing impurities:
System Suitability Mixture RS in methanol Impurity A: [N-{3-[(4-amino-6,7-dimethoxyquinazolin-2-

Standard stock solution:  0.15 mg/mL of USP Alfuzosin Hy- yl)(methyl)amino]propyl}furan-2-carboxamide]
drochloride RS in methanol (C19H23N5O4 385.42)

Standard solution:  0.03 mg/mL of USP Alfuzosin Hydro- Impurity D: [N-(4-amino-6,7-dimethoxyquinazolin-2-yl)-N-
chloride RS in Diluent, from the Standard stock solution methylpropane-1,3-diamine]

System suitability (C14H21N5O2 291.35)■2S (USP34)

Samples:  System suitability solution and Standard solution
Suitability requirements
Resolution:  NLT 1.0 between alfuzosin and impurity A,

BRIEFINGSystem suitability solution
Relative standard deviation:  NMT 2.0%, Standard
solution

Alprazolam Orally Disintegrating Tablets.  Because there isAnalysis
no existing USP monograph for this drug product, a new mono-Samples:  Standard solution and Sample solution
graph, based on validated methods of analysis, is proposed. TheCalculate the percentage of each impurity in the portion of
liquid chromatographic procedures are based on analyses per-Tablets taken:
formed with the Luna C8 (2) brand of L7 column. The typical

Result = (r U/rS) × (CS/CU) × 100 retention time for alprazolam is about 5 min for the Assay and
Dissolution procedures and 8 min in the procedure for Organic

rU = peak response for each impurity from the Sam- Impurities.
ple solution

rS = peak response for alfuzosin from the Sample so-
lution

(MD-PP: M. Puderbaugh, R. Ravichandran. BPC: M. Marques.)CS = concentration of USP Alfuzosin Hydrochloride RS
RTS—C75850(mg/mL)

CU = nominal concentration of alfuzosin hydrochlo-
ride (mg/mL)

Add the following:

■Alprazolam Orally Disintegrating
Tablets

DEFINITION
Alprazolam Orally Disintegrating Tablets contain NLT 90.0% and

NMT 110.0% of the labeled amount of alprazolam
(C17H13ClN4).
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IDENTIFICATION rU = peak response from the Sample solution
• The retention time of the major peak of the Sample solution rS = peak response from the Standard solution

corresponds to that of the Standard solution, as obtained in CS = concentration of USP Alprazolam RS in the Stan-
the Assay. dard solution (mg/mL)

V = volume of Medium, 900 mL
ASSAY L = Tablet label claim (mg)
• PROCEDURE Tolerances:  NLT 80% (Q) of the label claim of C 17H13ClN4 is

Buffer:  6.8 g/L of monobasic potassium phosphate in water. dissolved.
Adjust to a pH of 3.5 with phosphoric acid. • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

Diluent:  Acetonitrile and water (3:2)
Mobile phase:  Acetonitrile, methanol, and Buffer (7:2:11) IMPURITIES
Standard solution:  10 µg/mL of USP Alprazolam RS in Organic Impurities
Diluent • PROCEDURE

Sample solution:  10 µg/mL of alprazolam in Diluent. Prepare Buffer and Diluent:  Prepare as directed in the Assay.
using 10 Tablets and pass through a suitable filter. [ NOTE— Solution A:  Acetonitrile, methanol, and Buffer (5:4:11)
Sonicate with intermittent shaking to facilitate dissolution if Solution B:  Acetonitrile, methanol, and Buffer (8:1:11)
necessary.] Mobile phase:  See the gradient table below.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

Time Solution A Solution BMode:  LC
(min) (%)  (%)Detector:  UV 221 nm

0 100 0Column:  4.6-mm × 15-cm; 5-µm packing L7
12 100 0Column temperature:  30°

Flow rate:  1.5 mL/min 15 0 100
Injection size:  30 µL 60 0 100

System suitability 65 100 0
Sample:  Standard solution

70 100 0Suitability requirements
Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0% Standard solution:  0.6 µg/mL of USP Alprazolam RS in

Analysis Diluent
Samples:  Standard solution and Sample solution Sample solution:  200 µg/mL of alprazolam in Diluent. Pre-
Calculate the percentage of C 17H13ClN4 in the portion of T ab- pare using 10 Tablets and pass through a suitable filter.
lets taken: Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
Result = (r U/rS) × (CS/CU) × 100 Mode:  LC

Detector:  UV 240 nmrU = peak response from the Sample solution Column:  4.6-mm × 15-cm; 5-µm packing L7rS = peak response from the Standard solution Column temperature:  30°CS = concentration of USP Alprazolam RS in the Stan- Flow rate:  1.2 mL/mindard solution (µg/mL) Injection size:  25 µLCU = nominal concentration of alprazolam in the Sam- System suitabilityple solution (µg/mL) Sample:  Standard solutionAcceptance criteria:  90.0%–110.0% Suitability requirements
Theoretical plates:  NLT 2000PERFORMANCE TESTS
Tailing factor:  NMT 1.5• DISINTEGRATION 〈701〉
Relative standard deviation:  NMT 6.0%Time:  NMT 60 s

Analysis• DISSOLUTION 〈711〉
Samples:  Standard solution and Sample solutionMedium:  pH 6.0 phosphate buffer (80 g/L of monobasic po-
Calculate the percentage of each impurity in the portion oftassium phosphate and 20 g/L of dibasic potassium phosphate
Tablets taken:in water. Adjust the pH to 6.0 ± 0.1 with phosphoric acid or

diluted sodium hydroxide); 900 mL
Result = (r U/rS) × (CS/CU) × (1/F) × 100Apparatus 2:  50 rpm

Time:  10 min rU = peak response of each impurity from the SampleMobile phase, Chromatographic system, and System suita- solutionbility:  Proceed as directed in the Assay. rS = peak response of alprazolam from the Standard[NOTE—Use an injection size of 100 µL.] solutionStandard stock solution:  50 µg/mL of USP Aprazolam RS in CS = concentration of USP Alprazolam RS in the Stan-methanol. [NOTE—Sonicate to facilitate dissolution if dard solution (µg/mL)necessary.] CU = nominal concentration alprazolam in the SampleStandard solution:  L/1000 µg/mL of USP Aprazolam RS in solution (µg/mL)Medium from the Standard stock solution, where L is the T ablet F = relative response factor (See Impurity Table 1.)label claim in µg Acceptance criteriaSample solution:  Pass a portion of the solution under test Individual impurities:  See Impurity Table 1.through a nylon membrane filter of 0.45- µm pore size, dis- Total impurities:  NMT 2.0%. [ NOTE—Disregard any peakscarding the first few mL. that are less than 0.05%.]Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C 17H13ClN4 dissolved:

Result = (r U/rS) × CS × (V/L) × 100
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Impurity Table 1 IDENTIFICATION

Relative Relative Acceptance
Delete the following:Name Retention  Response Criteria,

Time Factor NMT (%)
Alprazolam related

0.8 — — ■• THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
compound Aab

Standard solution:  4 mg/mL of USP Amoxicillin RS in 0.1 N
Alprazolam 1.0 — — hydrochloric acid. [NOTE—Use within 10 min after preparation.
2-Amino-5- Sample solution:  Equivalent to 4 mg/mL of amoxicillin, from
chlorobenzophe- 2.9 1.9 0.5 Capsule contents in 0.1 N hydrochloric acid. [NOTE—Use
none within 10 min.

Any other Chromatographic system
unknown — 1.0 0.5 (See Chromatography 〈621〉, Thin-layer Chromatography.)
impurity Mode:  TLC

Adsorbent:  0.25-mm layer of chromatographic silica gela 2-(2-Acetylhydrazino)-7-chloro-5-phenyl-3H-1,4-benzodiazepine.
mixtureb Disregard the peak due to alprazolam related compound A as it is a process

Application volume:  5 µLimpurity in Alprazolam.
Developing solvent system:  Methanol, chloroform, pyri- 
dine, and water (9:8:1:3)

Spray reagent:  3 mg/mL of ninhydrin in alcohol
AnalysisADDITIONAL REQUIREMENTS Samples:  Standard solution and Sample solution• PACKAGING AND STORAGE:  Preserve in tight containers, and When the solvent front has moved three-fourths of thestore at controlled room temperature. length of the plate, remove the plate from the chamber,• USP REFERENCE STANDARDS 〈11〉 and dry with warm air for 10 min. Locate the spots on theUSP Alprazolam RS ■2S (USP34) plate by spraying lightly with Spray reagent and dry at 110 °

for 15 min.
Acceptance criteria:  The RF value of the principal spot of the
Sample solution corresponds to that of the StandardBRIEFING
solution.■2S (USP34)

Amoxicillin Capsules,  USP 32 page 1541. On the basis of Add the following:
comments received, it is proposed to revise the monograph as
follows:

•  The test for Identification is replaced with one based on the ■• The retention time of the major peak of the Sample solution
retention time of amoxicillin in the Assay. corresponds to that of the Standard solution, as obtained in

•  The Assay is revised per current USP style and unnecessar y the Assay.■2S (USP34)

information is deleted. The pore size of the filter used for
ASSAYthe Sample solution is deleted because this information is

product specific. The particle size of the column is added for
clarity. The criteria for capacity factor and column efficiency Change to read:
are deleted because these are not meaningful criteria to en-
sure chromatographic system suitability.

•  A test for Organic Impurities is added based on a liquid • PROCEDURE
chromatographic procedure that was validated using a Buffer:  Dissolve 6.8 g/L of monobasic potassium phosphate in
Nucleosil 120-3 C18 brand of L1 column. The typical reten- water. Adjust with a 45% (w/w) solution of potassium hydrox-
tion time for amoxicillin is 4 min. ide to a pH of 5.0 ± 0.1.

•  The test for Water Determination is deleted because the ac- Mobile phase:  Acetonitrile and Buffer (1:24) Decrease the
ceptance criterion for water is product-specific. acetonitrile concentration to increase the retention time of

•  Microbial limits are added based on approved criteria. amoxicillin.■
■2S (USP34)

•  The USP Reference Standards section is updated to include Standard solution:  1.2 mg/mL of USP Amoxicillin RS in
the names of the related compound Reference Standards Buffer. [NOTE—Use this solution within 6 h.]
that are used to determine system suitability in the test for Sample solution:  Remove, as completely as possible, the con-
Organic Impurities. tents of NLT 20 Capsules, mix the combined contents, and

transfer a quantity, equivalent to 200 mg of anhydrous amox-
icillin, to a 200-mL volumetric flask, and add Buffer to volume.
Sonicate if necessar y to ensure complete dissolution. Pass a(MD-ANT: A. Wise. MSA: R. T irumalai.) RTS—C79337
portion of this solution through a suitable filter of 1- µm or
finer pore size, and use the filtrate. ■

■2S (USP34) [NOTE—Use this
solution within 6 h.]

Chromatographic systemAmoxicillin Capsules
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC

DEFINITION Detector:  UV 230 nm
Amoxicillin Capsules contain the equivalent of NL T 90.0% and Column:  4-mm × 25-cm; ■10-µm■2S (USP34) packing L1

NMT 120.0% of the labeled amount of amoxicillin Flow rate:  1.5 mL/min
(C16H19N3O5S). Injection size:  10 µL

System suitability
Sample:  Standard solution
Suitability requirements

Capacity factor:  1.1–2.8
Column efficiency:  NLT 1700 theoretical plates
■

■2S (USP34)

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(4) [July–Aug. 2010] IN-PROCESS REVISION 893

Tailing factor:  NMT 2.5
Diluent:  3.4 mg/mL of dibasic sodium phosphateRelative standard deviation:  NMT 2.0%
dodecahydrate and 1.4 mg/mL of monobasic potassiumAnalysis
phosphate in water. [ NOTE—Adjust the pH of the Diluent toSamples:  Standard solution and Sample solution
7.0, if necessar y, using dibasic sodium phosphate or monoba-Calculate the percentage of C 16H19N3O5S in the portion of
sic potassium phosphate.]Capsules taken:
System suitability solution:  25 µg/mL each of USP Amox-

Result = (r U/rS) × (CS/CU) × P × F × 100 icillin Related Compound C RS and USP Amoxicillin Related
Compound G RS in Diluent. [NOTE—Sonicate if necessar y to

rU = peak response from the Sample solution dissolve. Use this solution promptly after preparation.]
rS = peak response from the Standard solution Standard solution:  25 µg/mL each of USP Amoxicillin RS,
CS = concentration of USP Amoxicillin RS in the Stan- USP Amoxicillin Related Compound D RS and USP Amoxicil-

dard solution (mg/mL) lin Related Compound C RS in Diluent. [NOTE—Sonicate if
CU = nominal concentration of amoxicillin in the Sam- necessary to dissolve. Use this solution promptly after

ple solution (mg/mL) preparation.]
P = potency of amoxicillin in USP Amoxicillin RS Sample solution:  Equivalent to 2.5 mg/mL of amoxicillin in

(µg/mg) Diluent from the contents of 5 Capsules, finely powdered.
F = conversion factor, 0.001 mg/ µg [NOTE—Sonicate if necessar y to dissolve and pass through a

Acceptance criteria:  90.0%–120.0% suitable filter. Use this solution promptly after preparation.]
Chromatographic system

PERFORMANCE TESTS (See Chromatography 〈621〉, System Suitability.)
• DISSOLUTION 〈711〉 Mode:  LC

Test 1 Detector:  UV 220 nm
Medium:  Water; 900 mL Column:  4.0-mm × 10-cm; 3-µm packing L1
Apparatus 1:  100 rpm, for Capsules containing 250 mg Column temperature:  50°
Apparatus 2:  75 rpm, for Capsules containing 500 mg Flow rate:  1.5 mL/min
Time:  60 min Injection size:  10 µL
Analytical wavelength:  UV 272 nm Autosampler temperature:  4°
Standard solution:  USP Amoxicillin RS in Medium System suitability
Sample solution:  Pass a portion of the solution under test Samples:  System suitability solution and Standard solution
through a suitable filter. Dilute with Medium, if necessar y, to Suitability requirements
a concentration that is similar to that of the Standard Resolution:  NLT 1.5 between amoxicillin related com-
solution. pound C and amoxicillin related compound G, System

Tolerances:  NLT 80% (Q) of the labeled amount of suitability solution
C16H19N3O5S is dissolved. Relative standard deviation:  NMT 10.0%, Standard

Test 2:  If the product complies with this test, the labeling solution
indicates that it meets USP Dissolution Test 2. Analysis
Medium:  Water; 900 mL Samples:  Standard solution and Sample solution
Apparatus 1:  100 rpm [NOTE—Identify the related compounds by the relative re-
Time:  90 min tention times that are provided in Impurity Table 1.]
Analytical wavelength:  UV 272 nm Calculate the percentage of each specified impurity in the
Standard solution:  USP Amoxicillin RS in Medium portion of Capsules taken:
Sample solution:  Pass a portion of the solution under test
through a suitable filter. Dilute with Medium, if necessar y, to Result = (r U/rS) × (CS/CU) × (1/F) × 100
a concentration that is similar to that of the Standard
solution. rU = peak response of each specified impurity from

Tolerances:  NLT 80% (Q) of the labeled amount of the Sample solution
C16H19N3O5S is dissolved. rS = peak response of the corresponding Reference

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements Standard from the Standard solution
CS = concentration of relevant Reference Standard in

IMPURITIES the Standard solution (mg/mL)
CU = nominal concentration of amoxicillin in the

Sample solution (mg/mL)Add the following:
F = relative response factor (see Impurity Table 1)
Calculate the percentage of each unspecified impurity in the

■Organic Impurities portion of Capsules taken:
• PROCEDURE

Result = (r U/rS) × (CS/CU) × 100Solution A:  3.4 mg/mL of dibasic sodium phosphate
dodecahydrate and 1.4 mg/mL monobasic potassium phos-

rU = peak response of each impurity from the Samplephate in water. Adjust with phosphoric acid to a pH of 6.0.
solutionSolution B:  Acetonitrile

rS = peak response of the amoxicillin from the Stan-Mobile phase:  See the gradient table below.
dard solution

CS = concentration of USP Amoxicillin RS in the Stan-
Time Solution A Solution B dard solution (mg/mL)
(min) (%) (%) CU = nominal concentration of amoxicillin in the

0 100 0 Sample solution (mg/mL)
Acceptance criteria1 100 0

[NOTE—The reporting limit is 0.1 times the response of the4 95 5
corresponding Reference Standard peak from the Standard6 95 5 solution.]

11 80 20
14 100 0
17 100 0
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Individual impurities:  See Impurity Table 1. [(4S)-2-{[(R)-2-amino-2-(4-hydrox-
yphenyl)acetamido](carboxy)methyl}-5,5-
dimethylthiazolidine-4-carboxylic acid; amoxicillin openImpurity Table 1
ring]

Relative Acceptance (C16H21N3O6S 383.42)
Name Retention  Criteria, USP Amoxicillin Related Compound G RS

 Time NMT (%) [(2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydrox-
yphenyl)acetamido]-2-(4-hydroxyphenyl)acetamido}-3,3-di-Amoxicillin related compound I a,b (D-

0.18 — methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylichydroxyphenylglycine)
acid; D-hydroxyphenylglycylamoxicillin]Amoxicillin related compound D c

0.39 1.0 (C24H26N4O7S 514.55)■2S (USP34)(amoxicillin open ring)
Amoxicillin related compound A a,d

0.58 —
(6-aminopenicillanic acid)

Amoxicillin 1.0 — BRIEFING
Amoxicillin related compound G a,e

1.5 —
(D-hydroxyphenylglycylamoxicillin)

Amoxicillin for Oral Suspension,  USP 32 page 1543. On theAmoxicilin related compound C f

basis of comments received, it is proposed to revise the mono-(amoxicillin rearrangement prod- 1.7 2.0
graph as follows:uct)

•  The test for Identification is replaced with one based on theAmoxicillin related compound J a,g
2.6 — retention time of amoxicillin in the Assay.(amoxicillin open ring dimer)

•  The Assay is revised per current USP style and unnecessar yAny individual unspecified degrada-
— 1.0 information is deleted. The pore size of the filter used in thetion product Sample solution is deleted as this information is product spe-

a These are process impurities that are controlled in the drug substance. They cific. The particle size of the column is added for clarity. The
are listed here for reference only and are not to be reported. criteria for capacity factor and column efficiency are deleted

b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid. because these are not meaningful criteria to ensure chro-
c (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5- matographic system suitability.
dimethylthiazolidine-4-carboxylic acid. •  A test for Organic Impurities is added based on a liquid

d (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2- chromatographic procedure that was validated using an At-
carboxylic acid. lantis dC18 brand of L1 column. The typical retention time

e (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydrox- for amoxicillin is 7 min.
yphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2- •  The test for Water Determination is deleted because the ac-
carboxylic acid. ceptance criteria for water are product-specific.

f (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine- •  Microbial limits are added based on approved criteria.
4-carboxylic acid. •  The USP Reference Standards section is updated to include

g (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)- the names of the related compound Reference Standards.
4-carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydrox-
yphenyl)acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid.

(MD-ANT: A. Wise. MSA: R. T irumalai.) RTS—C79338

■2S (USP34)

SPECIFIC TESTS Amoxicillin for Oral Suspension
Delete the following: DEFINITION

Amoxicillin for Oral Suspension contains the equivalent of NL T
90.0% and NMT 120.0% of the labeled amount of amoxicillin

■• WATER DETERMINATION, Method I 〈921〉:  NMT 14.5%■2S (USP34) (C16H19N3O5S). It contains one or more suitable buffers, colors,
flavors, preservatives, stabilizers, sweeteners, and suspending
agents.Add the following:

IDENTIFICATION
■• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-

CROORGANISMS 〈62〉:  The total aerobic microbial count does Delete the following:not exceed 1000 cfu/g, and the total combined molds and
yeasts count does not exceed 100 cfu/g. ■2S (USP34)

■• THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TESTADDITIONAL REQUIREMENTS Standard solution:  4 mg/mL of USP Amoxicillin RS in 0.1 N• PACKAGING AND STORAGE:  Preserve in tight containers, and hydrochloric acid. [NOTE—Use within 10 min after preparation.store at controlled room temperature. Sample solution:  Equivalent to 4 mg/mL of amoxicillin, from• LABELING:  When more than one Dissolution test is given, the powder for Oral Suspension in 0.1 N hydrochloric acid.labeling states the Dissolution test used only if Test 1 is not [NOTE—Allow the solution to stand for 5 min before use.used. Chromatographic system• USP REFERENCE STANDARDS 〈11〉 (see Chromatography 〈621〉, Thin-Layer Chromatography.)USP Amoxicillin RS Mode:  TLC
■USP Amoxicillin Related Compound C RS Adsorbent:  0.25-mm layer of chromatographic silica gel[(4S)-2-[5-(4-hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5- mixturedimethylthiazolidine-4-carboxylic acid; amoxicillin rearrange- Application volume:  5 µLment product] Developing solvent system:  Methanol, chloroform, pyri-(C16H19N3O5S 365.40) dine, and water (9:8:1:3)USP Amoxicillin Related Compound D RS
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Spray reagent:  3 mg/mL of ninhydrin in alcohol Acceptance criteria:  90.0%–120.0%
Analysis

PERFORMANCE TESTSSamples:  Standard solution and Sample solution
• UNIFORMITY OF DOSAGE UNITS 〈905〉When the solvent front has moved three-fourths of the

For solids packaged in single-unit containers: Meets thelength of the plate, remove the plate from the chamber,
requirementsand dry with warm air for 10 min. Locate the spots on the

• DELIVERABLE VOLUME 〈698〉:  Meets the requirementsplate by spraying lightly with Spray reagent, and dry at 110 °
for 15 min. IMPURITIESAcceptance criteria:  The RF value of the principal spot of the

Sample solution corresponds to that of the Standard
solution.■2S (USP34) Add the following:

Add the following: ■Organic Impurities
• PROCEDURE

Solution A:  1.7 mg/mL of monobasic ammonium phosphate■• The retention time of the major peak of the Sample solution in water. Adjust with phosphoric acid to a pH of 3.1.corresponds to that of the Standard solution, as obtained in Solution B:  Acetonitrilethe Assay.■2S (USP34) Mobile phase:  See the gradient table below.
ASSAY

Time Solution A Solution B
(min) (%) (%)Change to read:

0 98 2
23 66 34

• PROCEDURE
24 98 2Buffer:  Dissolve 6.8 g/L of monobasic potassium phosphate in
29 98 2water, and adjust with a 45% (w/w) solution of potassium

hydroxide to a pH of 5.0 ± 0.1.
Mobile phase:  Acetonitrile and Buffer (1:24)  Decrease the Standard solution:  12 µg/mL of USP Amoxicillin RS in
acetonitrile concentration to increase the retention time of water. [NOTE—Use this solution promptly after preparation.]
amoxicillin.■

■2S (USP34) Sensitivity solution:  0.6 µg/mL of amoxicillin in water from
Standard solution:  1.2 mg/mL of USP Amoxicillin RS in Standard solution. [NOTE—Use this solution promptly after
Buffer. [NOTE—Use this solution within 6 h.] preparation.]

Sample solution:  Dilute a measured volume of Amoxicillin for System suitability solution:  20 µg/mL each of USP Amox-
Oral Suspension, constituted as directed in the labeling, icillin Related Compound E RS and USP Amoxicillin Related
freshly mixed and free from air bubbles, quantitatively and Compound G RS in water. [ NOTE—Use this solution promptly
stepwise in Buffer to obtain a solution containing nominally 1 after preparation.]
mg/mL of anhydrous amoxicillin. Pass a portion of this solu- Sample solution:  Equivalent to 1 mg/mL of amoxicillin in
tion through a suitable filter.  of 1-µm or finer pore size, and water. [NOTE—Constitute with water using the volume speci-
use the filtrate as the Sample solution■

■2S (USP34) [NOTE—Use this fied on the label and dilute as required. Pass the suspension
solution within 6 h.] through a suitable filter. Use this solution promptly after

Chromatographic system preparation.]
(See Chromatography 〈621〉, System Suitability.) Chromatographic system
Mode:  LC (See Chromatography 〈621〉, System Suitability.)
Detector:  UV 230 nm Mode:  LC
Column:  4-mm × 25-cm; ■10-µm■2S (USP34) packing L1 Detector:  UV 230 nm
Flow rate:  1.5 mL/min Column:  4.6-mm × 15-cm; 3-µm packing L1
Injection size:  10 µL Column temperature:  46°

System suitability Flow rate:  1 mL/min
Sample:  Standard solution Injection size:  10 µL
Suitability requirements Autosampler temperature:  4°

Capacity factor:  1.1–2.8 System suitability
Column efficiency:  NLT 1700 theoretical plates Samples:  Standard solution, Sensitivity solution, and System
■

■2S (USP34) suitability solution
Tailing factor:  NMT 2.5 Suitability requirements
Relative standard deviation:  NMT 2.0% Signal-to-noise ratio:  NLT 10 for amoxicillin, Sensitivity

Analysis solution
Samples:  Standard solution and Sample solution Resolution:  NLT 1.5 between the second peak of amox-
Calculate the percentage of C 16H19N3O5S in the Amoxicillin icillin related compounds E and amoxicillin related com-
for Oral Suspension taken: pound G, System suitability solution

Relative standard deviation:  NMT 5.0%, StandardResult = (r U/rS) × (CS/CU) × P × F × 100 solution
AnalysisrU = peak response from the Sample solution

Samples:  Standard solution and Sample solutionrS = peak response from the Standard solution
Calculate the percentage of each impurity in the portion ofCS = concentration of USP Amoxicillin RS in the Stan-
Amoxicillin for Oral Suspension taken:dard solution (mg/mL)

CU = nominal concentration of anhydrous amoxicillin Result = (r U/rS) × (CS/CU) × (1/F) × 100in the Sample solution (mg/mL)
P = potency of amoxicillin in USP Amoxicillin RS rU = response of each impurity from the Sample solu-

(µg/mg) tion
F = conversion factor, 0.001 mg/ µg rS = response of amoxicillin from the Standard solu-

tion
CS = concentration of USP Amoxicillin RS in the Stan-

dard solution (mg/mL)
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CU = nominal concentration of amoxicillin in the Delete the following:
Sample solution (mg/mL)

F = relative response factor (see Impurity Table 1)
Acceptance criteria ■• WATER DETERMINATION, Method I 〈921〉:  NMT 3.0%, except

[NOTE—The reporting limit is 0.05 times the response of where it is labeled as containing 80 mg/mL of amoxicillin per
amoxcillin in the Standard solution.] mL after constitution, the limit is NMT 4.0% ■2S (USP34)

Individual impurities:  See Impurity Table 1.

Add the following:
Impurity Table 1

Relative Relative Acceptance ■• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED
Name Retention  Response  Criteria, MICROORGANISMS 〈62〉  The total aerobic microbial count does

 Time Factor NMT (%) not exceed 1000 cfu/g, and the total combined molds and
Amoxicillin related yeasts count does not exceed 100 cfu/g. ■2S (USP34)
compound Ia,b (D-

0.28 — — ADDITIONAL REQUIREMENTShydroxyphenyl
• PACKAGING AND STORAGE:  Preserve in tight containers, andglycine)

store at controlled room temperature.0.86Amoxicillin related
compound Dc,d 0.87 1.0
(amoxicillin open 0.88 Change to read:
ring)

Amoxicillin 1.0 — —
• USP REFERENCE STANDARDS 〈11〉1.2Amoxicillin related

USP Amoxicillin RScompound Ee,f 0.79 2.0
■USP Amoxicillin Related Compound E RS(amoxicillin penilloic 1.3
[(4S)-2-{[(R)-2-amino-2-(4-hydroxyphenyl)acetamido]methyl}-derivatives)
5,5-dimethylthiazolidine-4-carboxylic acid; amoxicillin penil-Amoxicillin related
loic derivatives]compound Ga,g (D-

1.5 — — (C15H21N3O4S 339.41)hydroxyphenyl
 USP Amoxicillin Related Compound G RSglycylamoxicillin)
(2S,5R,6R)-6-{(R)-2-[[(R)-2-amino-2-(4-hydrox-

Amoxicillin related yphenyl)acetamido]-2-(4-hydroxyphenyl)acetamido}-3,3-di-
compound Fa,h 1.8 1.4 — methyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
(phenylpyrazinediol) acid; D-hydroxyphenylglycylamoxicillin]

Amoxicillin related (C24H26N4O7S 514.55)■2S (USP34)
compound Ci

2.0 1.2 1.0
(amoxicillin rear-
rangement product)

BRIEFINGAmoxicillin related
compound Jj (amox-

2.5 1.0 1.0
icillin open ring
dimer) Amoxicillin Tablets,  USP 32 page 1543. On the basis of com-

ments received, it is proposed to revise the monograph asAny individual un-
follows:specified degrada- — 1.0 0.2

•  The test for Identification is replaced with one based on thetion product
retention time of amoxicillin in the Assay because the HPLCa These are process impurities that are controlled in the drug substance. They
procedure is more specific.are listed here for reference only and are not to be reported.

•  The Assay is revised per current USP style and unnecessar yb (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
information is deleted. The pore size of the filter used in thec The chromatographic system may resolve two penicilloic acids; the sum of
Sample solution is deleted because this information is prod-the two peaks is reported, and the total for both peaks is NMT 1.0%.
uct specific. The particle size of the column is added ford (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5-
clarity. The criteria for capacity factor and column efficiencydimethylthiazolidine-4-carboxylic acid.
are deleted because these are not meaningful criteria to en-e The chromatographic system resolves two penilloic acids; the sum of the two
sure chromatographic system suitability.peaks is reported, and the total for both peaks is NMT 2.0%.

•  A test for Organic Impurities is added based on a liquidf (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5-
chromatographic procedure that was validated using a YMCdimethylthiazolidine-4-carboxylic acid.
ODS AQ brand of L1 column. A Superspher 100 RP18eg (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydrox-
brand of L1 column has also been evaluated for this proce-yphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
dure. The typical retention time for amoxicillin is 9 min.carboxylic acid.

•  Microbial limits are added based on approved criteria.h 3-(4-Hydroxyphenyl)pyrazin-2-ol.
•  The USP Reference Standards section is updated to includei (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-

the related compound Reference Standards.4-carboxylic acid.
j (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4-
carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydrox-
yphenyl)acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2- (MD-ANT: A. Wise. MSA: R. T irumalai.) RTS—C79336
carboxylic acid.

■2S (USP34) Amoxicillin Tablets
SPECIFIC TESTS
• PH 〈791〉:  5.0–7.5, in the suspension constituted as directed DEFINITION

in the labeling Amoxicillin Tablets contain NLT 90.0% and NMT 120.0% of the
labeled amount of amoxicillin (C 16H19N3O5S).
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IDENTIFICATION Mode:  LC
Detector:  UV 230 nm
Column:  4-mm × 25-cm; ■10-µm■2S (USP34) packing L1Delete the following: Flow rate:  1.5 mL/min
Injection size:  10 µL

System suitability■• THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
Sample:  Standard solutionStandard solution:  4 mg/mL of USP Amoxicillin RS in 0.1 N
Suitability requirementshydrochloric acid. [NOTE—Use within 10 min.

Capacity factor:  1.1–2.8Sample solution:  Equivalent to 4 mg/mL, from powdered
Column efficiency:  NLT 1700 theoretical platesTablets in 0.1 N hydrochloric acid. [NOTE—Use within 10 min
 ■

■2S (USP34)after preparation.
Tailing factor:  NMT 2.5Adsorbent:  0.25-mm layer of chromatographic silica gel
Relative standard deviation:  NMT 2.0%mixture

AnalysisApplication volume:  5 µL
Samples:  Standard solution and Sample solutionDeveloping solvent system:  Methanol, chloroform, pyridine,
Calculate the percentage of C 16H19N3O5S in each Tabletand water (9:8:1:3)
taken:Spray reagent:  3 mg/mL of ninhydrin in alcohol

Analysis Result = (r U/rS) × (CS/CU) × P × F × 100Samples:  Standard solution and Sample solution
Dry the plate with the aid of a current of warm air for 10 rU = peak response of amoxicillin from the Sample so-min. Locate the spots on the plate by spraying lightly with lutionSpray reagent, and dry at 110 ° for 15 min. rS = peak response of amoxicillin from the StandardAcceptance criteria:  The RF value of the principal spot of the solutionSample solution corresponds to that of the Standard CS = concentration of USP Amoxicillin RS in the Stan-solution.■2S (USP34) dard solution (mg/mL)

CU = nominal concentration of amoxicillin in the Sam-
ple solution (mg/mL)Add the following:

P = potency of amoxicillin in USP Amoxicillin RS
(µg/mg)

■• The retention time of the major peak of the Sample solution F = conversion factor, 0.001 mg/ µg
corresponds to that of the Standard solution, as obtained in Acceptance criteria:  90.0%–120.0%
the Assay.■2S (USP34)

PERFORMANCE TESTS
ASSAY • DISSOLUTION 〈711〉

Medium:  Water; 900 mL
Apparatus 2:  75 rpmChange to read: Time:  30 min
Determine the amount of C 16H19N3O5S dissolved by using the
following method.• PROCEDURE

pH 5.0 Buffer:  27.2 g of monobasic potassium phosphate inBuffer:  6.8 g/L of monobasic potassium phosphate in water.
3 L of water. Adjust with a 45% (w/w) solution of potassiumAdjust with a 45% (w/w) solution of potassium hydroxide to a
hydroxide to a pH of 5.0 ± 0.1, and dilute with water to ob-pH of 5.0 ± 0.1.
tain 4 L of solution.Mobile phase:  Acetonitrile and Buffer (1:24) Decrease the

Mobile phase:  Acetonitrile and pH 5.0 Buffer (1:39)acetonitrile concentration to increase the retention time of
Standard solution:  0.05 mg/mL of USP Amoxicillin RS in pHamoxicillin.■

■2S (USP34)
5.0 Buffer. [NOTE—Use this solution within 6 h.]Standard solution:  1.2 mg/mL of USP Amoxicillin RS in

Sample solution:  Pass a portion of the sample through a suit-Buffer. [NOTE—Use this solution within 6 h.]
able filter of 0.5- µm pore size. Quantitatively dilute a volumeSample solution:  Place NLT 5 Tablets in a high-speed glass
of the filtrate with water to obtain an estimated concentrationblender jar containing Buffer sufficient to yield a concentration
of 0.045 mg/mL of amoxicillin. Use this solution within 6 h.of 1 mg/mL of anhydrous amoxicillin, blend for 4 ± 1 min,

Chromatographic systemallow to stand for 5 min, and centrifuge a portion of the
(See Chromatography 〈621〉, System Suitability.)mixture. [NOTE—Where the volume of Buffer required would
Mode:  LCexceed 500 mL, place 5 T ablets in a volumetric flask of such
Detector:  UV 230 nmcapacity that when finally diluted to volume, a concentration
Columnof 1 mg of anhydrous amoxicillin per mL would be obtained.

Analytical:  3.9-mm × 30-cm; packing L1Add a volume of Buffer equivalent to three-fourths of the ca-
Guard:  2-mm × 2-cm; packing L2pacity of the volumetric flask, and sonicate for 5 min. Dilute

Temperature:  Analytical column is maintained at a constantwith Buffer to volume, add a magnetic stirring bar, and stir for
temperature of 40 ± 1°30 min. Centrifuge a portion of this solution.]

Flow rate:  0.7 mL/minPass a portion of the clear supernatant through a suitable fil-
Injection size:  10 µLter. of 1-µm or finer pore size, and use the filtrate. ■

■2S (USP34)
System suitability[NOTE—Use this solution within 6 h.]
Sample:  Standard solutionChromatographic system
Suitability requirements(See Chromatography 〈621〉, System Suitability.)

Capacity factor:  1.1–2.8
Column efficiency:  NLT 1700 theoretical plates
Tailing factor:  NMT 2.5
Relative standard deviation:  NMT 1.5%

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C 16H19N3O5S dissolved by the
formula:

Result = (r U/rS) × (CS/L) × (D/V) × P × F × 100
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rU = peak response of amoxicillin from the Sample so- Mode:  LC
lution Detector:  UV 210 nm

rS = peak response of amoxicillin from the Standard Column:  4-mm × 12.5-cm; 3-µm packing L1
solution Column temperature:  35°

CS = concentration of USP Amoxicillin RS in the Stan- Flow rate:  0.7 mL/min
dard solution (mg/mL) Injection size:  25 µL

L = label claim (mg/Tablet) Autosampler temperature:  4°
D = dilution factor for the Sample solution System suitability
V = volume of the dissolution medium, 900 mL Samples:  Standard solution and System suitability solution
P = potency of amoxicillin in USP Amoxicillin RS Suitability requirements

(µg/mg) Resolution:  NLT 1.5 between the first peak of amoxicillin
F = conversion factor, 0.001 mg/ µg related compound D and amoxicillin related compound

Tolerances:  NLT 75% (Q) of the labeled amount of A; NLT 1.5 between the second peak of amoxicillin re-
C16H19N3O5S is dissolved. lated compound D and amoxicillin, System suitability

For products labeled as chewable tablets:  Proceed as di- solution
rected above. Relative standard deviation:  NMT 10.0%, Standard
For chewable tablets labeled to contain 200 mg or 400 mg solution

Time:  20 min Analysis
Tolerances:  NLT 70% (Q) of the labeled amount of Samples:  Standard solution and Sample solution
C16H19N3O5S is dissolved. Calculate the percentage of each impurity in the portion of

For chewable tablets labeled to contain 125 mg or 250 mg Tablets taken:
Time:  90 min

Result = (r U/rS) × (CS/CU) × 100Tolerances:  NLT 70% (Q) of the labeled amount of
C16H19N3O5S is dissolved.

rU = peak response of each impurity from the SampleFor veterinary products:  Proceed as directed above, except
solutionto use Apparatus 2 at 100 rpm.

rS = peak response of amoxicillin from the Standard
IMPURITIES solution

CS = concentration of USP Amoxicillin RS in the Stan-
dard solution (mg/mL)Add the following: CU = nominal concentration of amoxicillin in the
Sample solution (mg/mL)

Acceptance criteria■Organic Impurities
[NOTE—The reporting limit is 0.05 times the response of• PROCEDURE
amoxicillin in the Standard solution.]Solution A:  2.8 mg/mL of monobasic potassium phosphate

Individual impurities:  See Impurity Table 1.in water. Adjust with 0.1 N sodium hydroxide solution to a
pH of 4.8.

Solution B:  Acetonitrile Impurity Table 1
Mobile phase:  See the gradient table below.

Relative Acceptance
Name Retention Criteria,

Time Solution A Solution B  Time NMT (%)
 (min)  (%)  (%) Amoxicillin related compound I a,b

0.18 —0 100 0 (D-hydroxyphenylglycine)
5 100 0 0.56 1.0Amoxicillin related compound D c,d

(amoxicillin open ring)8 95 5 0.81 1.0
13 91 9 Amoxicillin related compound A a,e

0.62 —
(6-aminopenicillanic acid)16 85 15

Amoxicillin 1.00 —18 75 25
Amoxicillin related compound G a,f24 75 25 1.47 —
(D-hydroxyphenylglycylamoxicillin)25 100 0

1.54 1.0Amoxicillin related compound E g,h30 100 0
(amoxicillin penilloic derivatives) 1.72 1.0

a These are process impurities that are controlled in the drug substance. They [NOTE—These gradient elution times are established on an HPLC
are listed here for information only and are not to be reported.system with a dwell volume of approximately 1 mL. The gradient

b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.elution times in the table can be adjusted as necessar y to achieve
c The chromatographic system resolves two penicilloic acids from each other.the separation described.]
d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5-Diluent:  6.8 mg/mL of monobasic potassium phosphate in
dimethylthiazolidine-4-carboxylic acid.water. Adjust with 45% potassium hydroxide solution to a

e (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-pH of 5.0.
carboxylic acid.Standard solution:  10 µg/mL of USP Amoxicillin RS in Dilu-

f (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydrox-ent. [NOTE—Use this solution promptly after preparation.]
yphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-System suitability solution:  5 µg/mL each of USP Amoxicil-
carboxylic acid.lin Related Compound A RS, USP Amoxicillin Related Com-

g The chromatographic system resolves two penilloic acids from each other.pound D RS, and 10 µg/mL of USP Amoxicillin RS in Diluent.
h (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5-[NOTE—Sonicate if necessar y to dissolve. Use this solution
dimethylthiazolidine-4-carboxylic acid.promptly after preparation.]

I (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-Sample solution:  Equivalent to 1 mg/mL of amoxicillin in
4-carboxylic acid.Diluent. [NOTE—Sonicate if necessar y to dissolve and pass

j (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4-through a suitable filter. Use this solution promptly after
carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydrox-preparation.]
yphenyl)acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-Chromatographic system
carboxylic acid.(See Chromatography 〈621〉, System Suitability.)
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Impurity Table 1 (Continued) BRIEFING

Relative Acceptance
Name Retention Criteria, Amoxicillin and Clavulanate Potassium for Oral Suspen- Time NMT (%) sion,  USP 32 page 1544. On the basis of comments received,

Amoxicillin related compound C I
it is proposed to revise the monograph as follows:

(amoxicillin rearrangement prod- 1.79 1.0 •  The Assay is revised per current USP style. The limit for
uct) column efficiency is deleted because this criterion is not

Amoxicillin related compound J j meaningful to ensure chromatographic system suitability.2.07 2.0
(amoxicillin open ring dimer) •  A test for Organic Impurities is added based on a liquid

Any individual unspecified degrada- chromatographic procedure that was validated using a— 0.5
tion product Superspher 100 RP18e brand of L1 column. The typical re-

tention times for clavulanic acid and amoxicillin are 4 and 9a These are process impurities that are controlled in the drug substance. They
min, respectively.are listed here for information only and are not to be reported.

•  The USP Reference Standards section is updated to includeb (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
Reference Standards for two related compounds which arec The chromatographic system resolves two penicilloic acids from each other.
used to determine system suitability in the test for Organicd (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5-
Impurities.dimethylthiazolidine-4-carboxylic acid.

e (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid.

f (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydrox- (MD-ANT: A. Wise. MSA: R. T irumalai.) RTS—C79333
yphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid.

g The chromatographic system resolves two penilloic acids from each other.
h (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5- Amoxicillin and Clavulanate Potassium
dimethylthiazolidine-4-carboxylic acid. for Oral SuspensionI (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-
4-carboxylic acid.

DEFINITIONj (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4-
Amoxicillin and Clavulanate Potassium for Oral Suspension con-carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydrox-

tains the equivalent of NL T 90.0% and NMT 120.0% of theyphenyl)acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
labeled amount of amoxicillin (C 16H19N3O5S) and the equivalentcarboxylic acid.
of NLT 90.0% and NMT 125.0% of the labeled amount of
clavulanic acid (C 8H9NO5). It contains one or more suitable

■2S (USP34) buffers, colors, flavors, preser vatives, stabilizers, sweeteners, and
suspending agents.SPECIFIC TESTS

IDENTIFICATION
• The retention times of the major peaks of the Sample solutionAdd the following:

correspond to those of the Standard solution, as obtained in
the Assay.

■• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED
ASSAYMICROORGANISMS 〈62〉:  The total aerobic microbial count

does not exceed 1000 cfu/g, and the total combined molds
and yeasts count does not exceed 100 cfu/g. ■2S (USP34) Change to read:

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers, and • PROCEDURE

store at controlled room temperature. Buffer:  7.8 g of monobasic sodium phosphate in 900 mL of
• LABELING:  Label chewable Tablets to indicate that they are to water. Adjust with phosphoric acid or 10 N sodium hydroxide

be chewed before swallowing. T ablets intended solely for vet- to a pH of 4.4 ± 0.1, and dilute with water to 1000 mL.
erinary use are so labeled. Mobile phase:  Methanol and Buffer (1:19). Pass through a

filter having a 0.5- µm or finer pore size ■suitable filter.■2S (USP34)

Standard solution:  0.5 mg/mL of USP Amoxicillin RS and 0.2Change to read:
mg/mL of USP Clavulanate Lithium RS in water

Sample solution:  Equivalent to 0.5 mg/mL of amoxicillin,
from constituted Amoxicillin and Clavulanate Potassium for• USP REFERENCE STANDARDS 〈11〉
Oral Suspension in water. Stir by mechanical means for 10USP Amoxicillin RS
min, and filter. [ NOTE—Constitute as directed in the labeling;■USP Amoxicillin Related Compound A RS
use within 1 h.][(2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo

Chromatographic system[3.2.0]heptane-2-carboxylic acid; 6-aminopenicillanic acid]
(See Chromatography 〈621〉, System Suitability.)(C8H12N2O3S 216.26)
Mode:  LCUSP Amoxicillin Related Compound D RS
Detector:  UV 220 nm[(4S)-2-{[(R)-2-amino-2-(4-hydrox-
Column:  4-mm × 30-cm; 3- to 10- µm packing L1yphenyl)acetamido](carboxy)methyl}-5,5-
Flow rate:  2 mL/mindimethylthiazolidine-4-carboxylic acid; amoxicillin open
Injection size:  20 µLring]

System suitability(C16H21N3O6S 383.42)■2S (USP34)

Sample:  Standard solution
[NOTE—The relative retention times for clavulanic acid and
amoxicillin are about 0.5 and 1.0, respectively.]

Suitability requirements
Resolution:  NLT 3.5 between the amoxicillin and clavu-
lanic acid peaks
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Column efficiency:  NLT 550 theoretical plates from each
[NOTE—These gradient elution times are established on ananalyte peak
HPLC system with a dwell volume of approximately 1 mL.■

■2S (USP34)
The gradient elution times in the table can be adjusted asTailing factor:  NMT 1.5 for each analyte peak
necessary to achieve the separation described.]Relative standard deviation:  NMT 2.0%

Standard solution:  3 µg/mL of USP Clavulanate Lithium RS,Analysis
and 20 µg/mL of USP Amoxicillin RS in water. [ NOTE—Soni-Samples:  Standard solution and Sample solution
cate if necessar y to dissolve. Use this solution within 4 h.]Calculate the percentage of C 16H19N3O5S in the Amoxicillin

System suitability solution:  10 µg/mL each of USP Amox-and Clavulanate Potassium for Oral Suspension taken:
icillin Related Compound A RS and USP Amoxicillin Related

Result = (r U/rS) × (CS/CU) × P × F × 100 Compound D RS in water. [ NOTE—Sonicate if necessar y to
dissolve. Use this solution within 4 h.]

rU = peak response of amoxicillin from the Sample so- Sample solution:  Equivalent to 2 mg/mL of amoxicillin and
lution 0.3 mg/mL of clavulanic acid in water. [ NOTE—Constitute

rS = peak response of amoxicillin from the Standard with water using the volume specified on the label and dilute
solution as required. Pass the suspension through a suitable filter. Use

CS = concentration of USP Amoxicillin RS in the Stan- this solution within 4 h.]
dard solution (mg/mL) Chromatographic system

CU = nominal concentration of amoxicillin in the Sam- (See Chromatography 〈621〉, System Suitability.)
ple solution (mg/mL) Mode:  LC

P = potency of amoxicillin in USP Amoxicillin RS Detector:  UV 210 nm
(µg/mg) Column:  4.0-mm × 12.5-cm; 4-µm packing L1

F conversion factor, 0.001 mg/ µg Column temperature:  35°
Calculate the percentage of C 8H9NO5 in the Amoxicillin and Flow rate:  0.7 mL/min
Clavulanate Potassium for Oral Suspension taken: Injection size:  20 µL

Autosampler temperature:  4°
Result = (r U/rS) × (CS/CU) × P × 100 System suitability

Samples:  Standard solution and System suitability solution
rU = peak response of clavulanic acid from the Sample Suitability requirements

solution Resolution:  NLT 1.5 between amoxicillin related com-
rS = peak response of clavulanic acid from the Stan- pound A and first of the two peaks corresponding to

dard solution amoxicillin related compound D, System suitability solu-
CS = concentration of USP Clavulanate Lithium RS in tion. [NOTE—The retention time of the first amoxicillin re-

the Standard solution (mg/mL) lated compound D peak is 0.56 relative to amoxicillin.]
CU = nominal concentration of clavulanic acid in the Relative standard deviation:  NMT 5.0%, Standard

Sample solution (mg/mL) solution
P = potency of clavulanic acid in USP Clavulanate Analysis

Lithium RS (mg/mg) Samples:  Standard solution and Sample solution
Acceptance criteria:  90.0%–120.0% of the labeled amount Calculate the percentage of each amoxicillin-related degra-
of C16H19N3O5S and 90.0%–125.0% of the labeled amount of dation product in the portion of Amoxicillin and Clavu-
C8H9NO5 lanate Potassium for Oral Suspension taken:

PERFORMANCE TESTS Result = (r U/rS) × (CS/CU) × (1/F) × 100• DELIVERABLE VOLUME 〈698〉
For powder packaged in multiple-unit containers:  Meets rU = peak response of amoxicillin-related degradation
the requirements product from the Sample solution

• UNIFORMITY OF DOSAGE UNITS 〈905〉 rS = peak response of amoxicillin from the Standard
For powder packaged in single-unit containers:  Meets the solution
requirements CS = concentration of USP Amoxicillin RS in the Stan-

dard solution (mg/mL)IMPURITIES CU = nominal concentration of amoxicillin in the
Sample solution (mg/mL)

Add the following: F = relative response factor (see Impurity Table 1)
Calculate the percentage of each clavulanate-related degra-
dation product in the portion of Amoxicillin and Clavu-

■Organic Impurities lanate Potassium for Oral Suspension taken:
• PROCEDURE

Solution A:  2.7 mg/mL of monobasic potassium phosphate Result = (r U/rS) × (CS/CU) × (1/F) × 100
in water. Adjust with 0.1 N sodium hydroxide solution to a
pH of 4.8 ± 0.1. rU = peak response of clavulanate-related degrada-

Solution B:  Acetonitrile tion product from the Sample solution
Mobile phase:  See the gradient table below. rS = peak response of clavulanate from the Standard

solution
CS = concentration of clavulanic acid from USP

Time Solution A Solution B Clavulanate Lithium RS in the Standard solution
(min)  (%)  (%) (mg/mL)

0 100 0 CU = nominal concentration of clavulanic acid in the
5 100 0 Sample solution (mg/mL)

F = relative response factor (see Impurity Table 1)8 95 5
Acceptance criteria13 91 9

[NOTE—The reporting limit is 0.05 times the response of16 85 15
amoxicillin in the Standard solution.]

18 75 25
24 75 25
25 100 0
30 100 0
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Individual impurities:  See Impurity Table 1. ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers, at con-

trolled room temperature.Impurity Table 1

Relative Relative Acceptance Change to read:Name  Retention  Response  Criteria,
 Time  Factor  NMT (%)

Amoxicillin related com- • USP REFERENCE STANDARDS 〈11〉
pound Ia,b (D-hydrox- 0.18 — — USP Amoxicillin RS
yphenylglycine) ■USP Amoxicillin Related Compound A RS

Clavulanic acid 0.45 — — [(2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo
[3.2.0]heptane-2-carboxylic acid; 6-aminopenicillanic acid]0.56Amoxicillin related com-

0.63 1.0c (C8H12N2O3S 216.26)pound Dc,d (amoxicillin 0.82
USP Amoxicillin Related Compound D RSopen ring)
[(4S)-2-{[(R)-2-amino-2-(4-hydrox-Amoxicillin related com-
yphenyl)acetamido](carboxy)methyl}-5,5-pound Aa,e (6-ami- 0.64 — —
dimethylthiazolidine-4-carboxylic acid; amoxicillin opennopenicillanic acid)
ring]

Clavulanate related com- (C16H21N3O6S 383.42)■2S (USP34)pound Ef (clavulanate 0.73 1.0 0.9 USP Clavulanate Lithium RS
dimer open ring)

Amoxicillin 1.0 — —
Amoxicillin related com-

BRIEFINGpound Ga,g (D-hydrox- 1.4 — —
yphenylglycylamoxicillin)

Amoxicillin related com-
Amoxicillin and Clavulanate Potassium Tablets,  USP 32pound Ch (amoxicillin re- 1.8 1.6 1.0
page 1545 and page 4216 of the Second Supplement to USP 32.arrangement product)
On the basis of comments received, it is proposed to revise theClavulanate related com-
monograph as follows:pound Ci 1.9 1.4 1.0

•  The Assay is revised per current USP style. The filtration(ethylpyrazinediethanol)
information in the Sample solution is deleted because this isAmoxicillin related com- product specific. The limit for column efficiency is deletedpound Jj (amoxicillin 2.1 1.0 2.0 because this criterion is not meaningful to ensure chromato-open ring dimer) graphic system suitability.

Any individual, unspecified •  A test for Organic Impurities is added based on a liquid— 1.0 0.9
degradation product chromatographic procedure that was validated using a

a These are process impurities that are controlled in the drug substance. They Superspher 100 RP18e brand of L1 column.
are listed for reference only and are not to be reported. •  The test for Uniformity of Dosage Units is updated for clarity.

b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid. Uniformity of Dosage Units 〈905〉 provides acceptance criteria
c The chromatographic system resolves two penicilloic acids; the sum of the so they are not required in individual monographs.
two peaks is reported and the total for both peaks is NMT 1.0%. •  The style of the test for Water Determination is updated for

d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5- clarity.
dimethylthiazolidine-4-carboxylic acid. •  Acceptance criteria for Microbial Enumeration Tests and Tests

e (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2- for Specified Microorganisms were added based on approved
carboxylic acid. limits.

f (2R,4R,5Z)-2-(Carboxymethyl)-5-(2-hydroxyethylidene)-3-[[(2R,3Z,5R)-3-(2- •  The USP Reference Standards section is updated to include
hydroxyethylidene)-7-oxo-4-oxa-1-azabicyclo[3.2.0]hept-2- the names of the related compound Reference Standards.
yl]carbonyl]oxazolidine-4-carboxylic acid.

g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydrox-
yphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-

(MD-ANT: A. Wise. MSA: R. T irumalai.) RTS—C79332carboxylic acid.
h (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-
4-carboxylic acid.

i 2,2′-(3-Ethylpyrazine-2,5-diyl)diethanol. Amoxicillin and Clavulanate Potassiumj (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4-
Tabletscarboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydrox-

yphenyl)acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid. DEFINITION

Amoxicillin and Clavulanate Potassium T ablets contain the
equivalent of NLT 90.0% and NMT 120.0% of the labeled

■2S (USP34) amounts of amoxicillin (C 16H19N3O5S) and clavulanic acid
(C8H9NO5).SPECIFIC TESTS

• PH 〈791〉:  3.8–6.6, in the suspension constituted as directed
IDENTIFICATIONin the labeling, the test being per formed immediately after
• The retention times of the major peaks of the Sample solutionconstitution

correspond to those of the Standard solution, as obtained in
the Assay.

Add the following:

■• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-
CROORGANISMS 〈62〉:  The total aerobic microbial count does
not exceed 100 cfu/g, and the total combined molds and
yeasts count does not exceed 50 cfu/g. ■2S (USP34)
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ASSAY • DISSOLUTION 〈711〉
[NOTE—Tablets labeled for veterinar y use only are exempt
from this requirement.]Change to read: Test 1

Medium:  Water; 900 mL
Apparatus 2:  75 rpm• PROCEDURE
Time:  30 min; or 45 min where the T ablets are labeled asBuffer:  7.8 g of monobasic sodium phosphate in 900 mL of
chewablewater. Adjust with phosphoric acid or 10 N sodium hydroxide

Analysis:  Determine the amount of C 16H19N3O5S andto a pH of 4.4 ± 0.1, and dilute with water to 1000 mL.
C8H9NO5 dissolved, using the Analysis set forth in the Assay,Mobile phase:  Methanol and Buffer (1:19). Pass through a
making any necessar y volumetric adjustments.filter having a 0.5- µm or finer pore size ■suitable filter.■2S (USP34)

Tolerances:  NLT 85% (Q) of the labeled amount ofStandard solution:  0.5 mg/mL of USP Amoxicillin RS and 0.2
C16H19N3O5S and NLT 80% (Q) of the labeled amount ofmg/mL of USP Clavulanate Lithium RS in water
C8H9NO5 are dissolved.Sample stock solution:  Dissolve NLT 10 Tablets in water with
For Tablets labeled as chewable:  NLT 80% (Q) of thethe aid of mechanical stirring, transfer to a suitable volumetric
labeled amounts of C 16H19N3O5S and C 8H9NO5 is dissolvedflask, and dilute with water to volume. Filter a portion of this
in 45 min.solution, discarding the first 10 mL of the filtrate. ■

■2S (USP34)
Test 2:  If the product complies with this test, the labelingSample solution:  Dilute a suitable volume of the Sample stock
indicates that it meets USP Dissolution Test 2.solution filtrate with water to obtain a solution containing 0.5
Medium, Apparatus 2, and Procedure:  Proceed as directedmg/mL of amoxicillin. [ NOTE—Use the Sample solution within 1
for Test 1.h.]

Times:  45 min for amoxicillin, and 30 min for clavulanicChromatographic system
acid(See Chromatography 〈621〉, System Suitability.)

Tolerances:  NLT 85% (Q) of the labeled amount ofMode:  LC
C16H19N3O5S and NLT 80% (Q) of the labeled amount ofDetector:  UV 220 nm
C8H9NO5 is dissolved.Column:  4-mm × 30-cm; 3- to 10- µm packing L1

Flow rate:  2 mL/min
Injection size:  20 µL Change to read:

System suitability
Sample:  Standard solution

[NOTE—The relative retention times for clavulanic acid and • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
amoxicillin are 0.5 and 1.0, respectively.] for Weight Variation with respect to amoxicillin and for Content

Suitability requirements Uniformity with respect to clavulanic acid ■
■2S (USP34)

Resolution:  NLT 3.5 between the amoxicillin and clavu-
IMPURITIESlanic acid peaks

Column efficiency:  NLT 550 theoretical plates from each
analyte peak Add the following:

Tailing factor:  NMT 1.5 for each analyte peak
Relative standard deviation:  NMT 2.0%

Analysis ■Organic Impurities
Samples:  Standard solution and Sample solution • PROCEDURE
Calculate the percentage of C 16H19N3O5S in each Tablet Solution A:  2.7 mg/mL of monobasic potassium phosphate
taken: in water. Adjust with 0.1 N sodium hydroxide solution to a

pH of 4.8 ± 0.1.
Result = (r U/rS) × (CS/CU) × P × F × 100 Solution B:  Acetonitrile

Mobile phase:  See the gradient table below.
rU = peak response of amoxicillin from the Sample so-

lution
Time Solution A Solution BrS = peak response of amoxicillin from the Standard
(min) (%)  (%)solution

CS = concentration of USP Amoxicillin RS in the Stan- 0 100 0
dard solution (mg/mL) 5 100 0

CU = nominal concentration of amoxicillin in the Sam- 8 95 5
ple solution (mg/mL)

13 91 9P = potency of USP Amoxicillin RS ( µg/mg)
16 85 15F = conversion factor, 0.001 mg/ µg
18 75 25Calculate the percentage of C 8H9NO5 in each Tablet taken:
24 75 25

Result = (r U/rS) × (CS/CU) × P × 100 25 100 0
30 100 0rU = peak response of clavulanic acid from the Sample

solution
rS = peak response of clavulanic acid from the Stan- [NOTE—These gradient elution times are established on an

dard solution HPLC system with a dwell volume of approximately 1 mL.
CS = concentration of USP Clavulanate Lithium RS in The gradient elution times in the table can be adjusted as

the Standard solution (mg/mL) necessary to achieve the separation described.]
CU = nominal concentration of clavulanic acid in the Standard solution:  3 µg/mL of USP Clavulanate Lithium RS,

Sample solution (mg/mL) and 20 µg/mL of USP Amoxicillin RS in water. [ NOTE—Soni-
P = potency of clavulanic acid in USP Clavulanate cate if necessar y to dissolve.]

Lithium RS (mg/mg) System suitability solution:  10 µg/mL each of USP Amox-
Acceptance criteria:  90.0%–120.0% icillin Related Compound A RS and USP Amoxicillin Related

Compound D RS in water. [ NOTE—Sonicate if necessar y toPERFORMANCE TESTS dissolve.]• DISINTEGRATION 〈701〉:  Tablets labeled for veterinar y use only;
30 min, simulated gastric fluid TS being substituted for water
in the test
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Sample solution:  Equivalent to 2 mg/mL of amoxicillin in Impurity Table 1
water. [NOTE—Pass through a suitable filter.]

Relative Relative AcceptanceChromatographic system
Name  Retention  Response  Criteria,(See Chromatography 〈621〉, System Suitability.)

 Time  Factor  NMT (%)Mode:  LC
Amoxicillin related com-Detector:  UV 210 nm
pound Ia,b (D-hydrox- 0.18 — —Column:  4.0-mm × 12.5-cm; 4-µm packing L1
yphenylglycine)Column temperature:  35°

Flow rate:  0.7 mL/min Clavulanic acid 0.45 — —
Injection size:  20 µL 0.56 0.63 1.0Amoxicillin related com-
Autosampler temperature:  4° pound Dc,d (amoxicillin 0.81 0.63 1.0

System suitability open ring)
Samples:  Standard solution and System suitability solution Amoxicillin related com-
Suitability requirements pound Aa,e (6-Ami- 0.64 — —
Resolution:  NLT 1.5 between the amoxicillin related nopenicillanic acid)
compound D peak at the relative retention time of 0.56

Clavulanate related com-and amoxicillin related compound A, System suitability
pound Ef (clavulanate 0.78 1.0 0.9solution
dimer open ring)Relative standard deviation:  NMT 5.0%, Standard

Amoxicillin 1.0 — —solution
Amoxicillin related com-Analysis
pound Ga,g (D-hydrox- 1.4 — —Samples:  Standard solution and Sample solution
yphenylglycylamoxicillin)Calculate the percentage of each amoxicillin-related degra-

dation product in the portion of T ablets taken: 1.5 1.0 1.0Amoxicillin related com-
pound Eh,i (amoxicillin 1.7 1.0 1.0

Result = (r U/rS) × (CS/CU) × (1/F) × 100 penilloic derivatives)
Amoxicillin related com-

rU = peak response of each amoxicillin-related degra- pound Cj (amoxicillin re- 1.8 1.6 1.0
dation product from the Sample solution arrangement product)

rS = peak response of amoxicillin from the Standard
Clavulanate related com-solution
pound Ck 1.9 1.4 1.0CS = concentration of USP Amoxicillin RS in the Stan-
(ethylpyrazinediethanol)dard solution (mg/mL)

Amoxicillin related com-CU = nominal concentration of amoxicillin in the
pound Jl (amoxicillin 2.1 1.0 4.0Sample solution (mg/mL)
open ring dimer)F = relative response factor (see Impurity Table 1

Any individual, unspecifiedthrough Impurity Table 4) — 1.0 0.6
degradation productCalculate the percentage of each clavulanate-related degra-

dation product in the portion of T ablets taken: a These impurities are process impurities that are controlled in the drug sub-
stance. They are listed here for reference only and are not to be reported.

Result = (r U/rS) × (CS/CU) × (1/F) × 100 b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
c The chromatographic system resolves two penicilloic acids.

rU = peak response of each clavulanate-related degra- d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5-
dation product from the Sample solution dimethylthiazolidine-4-carboxylic acid.

rS = peak response of clavulanic acid from the Stan- e (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
dard solution carboxylic acid.

CS = concentration of clavulanic acid from USP f (2R,4R,Z)-2-(Carboxymethyl)-5-(2-hydroxyethylidene)-3-[(2R,5R,Z)-3-(2-
Clavulanate Lithium RS in the Standard solution hydroxyethylidene)-7-oxo-4-oxa-1-azabicyclo[3.2.0]heptane-2-carbon-
(mg/mL) yl]oxazolidine-4-carboxylic acid.

CU = nominal concentration of clavulanic acid in the g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydrox-
Sample solution (mg/mL) yphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-

F = relative response factor (see Impurity Table 1) carboxylic acid.
Acceptance criteria h The chromatographic system resolves two penilloic acids.

[NOTE—The reporting limit is 0.1 times the response of i (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5-
amoxicillin in the Standard solution.] dimethylthiazolidine-4-carboxylic acid.

Individual impurities:  See Impurity Table 1 through 4, de- j (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-
pending on the Tablet strength 4-carboxylic acid.

For Tablets containing 250 mg of amoxicillin and 125 k 2,2′-(3-Ethylpyrazine-2,5-diyl)diethanol.
mg of clavulanic acid l (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4-

carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydrox-
yphenyl)acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid.
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For Tablets containing 500 mg of amoxicillin and 125 mg For Tablets containing 875 mg of amoxicillin and 125 mg
of clavulanic acid of clavulanic acid

Impurity Table 2 Impurity Table 3

Relative Relative Acceptance Relative Relative Acceptance
Name  Retention  Response  Criteria, Name  Retention  Response  Criteria,

 Time  Factor  NMT (%)  Time  Factor  NMT (%)
Amoxicillin related com- Amoxicillin related com-
pound Ia,b (D-hydrox- 0.18 — — pound Ia,b (D-hydrox- 0.18 — —
yphenylglycine) yphenylglycine)

Clavulanic acid 0.45 — — Clavulanic acid 0.45 — —
0.56Amoxicillin related com- 0.56Amoxicillin related com-

0.63 1.0c 0.63 1.0c
pound Dc,d (amoxicillin pound Dc,d (amoxicillin0.81 0.81
open ring) open ring)

Amoxicillin related com- Amoxicillin related com-
pound Aa,e (6-ami- 0.64 — — pound Aa,e (6-ami- 0.64 — —
nopenicillanic acid) nopenicillanic acid)

Clavulanate related com- Clavulanate related com-
pound Ef (clavulanate 0.78 1.0 0.9 pound Ef (clavulanate 0.78 1.0 0.9
dimer open ring) dimer open ring)

Amoxicillin 1.0 — — Amoxicillin 1.0 — —
Amoxicillin related com- Amoxicillin related com-
pound Ga,g (D-hydrox- 1.4 — — pound Ga,g (D-hydrox- 1.4 — —
yphenylglycylamoxicillin) yphenylglycylamoxicillin)

1.5 — —Amoxicillin related com- 1.5 — —Amoxicillin related com-
pound Ea,h,i (amoxicillin pound Ea,h,i (amoxicillin1.7 — — 1.7 — —
penilloic derivatives) penilloic derivatives)

Amoxicillin related com- Amoxicillin related com-
pound Cj (amoxicillin re- 1.8 1.6 1.0 pound Cj (amoxicillin re- 1.8 1.6 1.0
arrangement product) arrangement product)

Clavulanate related com- Clavulanate related com-
pound Ck 1.9 1.4 1.0 pound Ck 1.9 1.4 1.0
(ethylpyrazinediethanol) (ethylpyrazinediethanol)

Amoxicillin related com- Amoxicillin related com-
pound Jl (amoxicillin 2.1 1.0 3.0 pound Jl (amoxicillin 2.1 1.0 3.0
open ring dimer) open ring dimer)

Any individual, unspecified Any individual, unspecified
— 1.0 0.8 — 1.0 0.9

degradation product degradation product
a These impurities are process impurities that are controlled in the drug sub- a These impurities are process impurities that are controlled in the drug sub-
stance. They are listed here for reference only and are not to be reported. stance. They are listed here for reference only and are not to be reported.

b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid. b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
c The chromatographic system resolves two penicilloic acids; the sum of the c The chromatographic system resolves two penicilloic acids; the sum of the
two peaks is reported and the total for both peaks is NMT 1.0%. two peaks is reported and the total for both peaks is NMT 1.0%.

d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5- d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5-
dimethylthiazolidine-4-carboxylic acid. dimethylthiazolidine-4-carboxylic acid.

e (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2- e (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid. carboxylic acid.

f (2R,4R,Z)-2-(Carboxymethyl)-5-(2-hydroxyethylidene)-3-[(2R,5R,Z)-3-(2- f (2R,4R,Z)-2-(Carboxymethyl)-5-(2-hydroxyethylidene)-3-[(2R,5R,Z)-3-(2-
hydroxyethylidene)-7-oxo-4-oxa-1-azabicyclo[3.2.0]heptane-2-carbon- hydroxyethylidene)-7-oxo-4-oxa-1-azabicyclo[3.2.0]heptane-2-carbon-
yl]oxazolidine-4-carboxylic acid. yl]oxazolidine-4-carboxylic acid.

g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydrox- g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydrox-
yphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2- yphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid. carboxylic acid.

h The chromatographic system resolves two penilloic acids. h The chromatographic system resolves two penilloic acids.
i (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5- i (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5-
dimethylthiazolidine-4-carboxylic acid. dimethylthiazolidine-4-carboxylic acid.

j (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine- j (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-
4-carboxylic acid. 4-carboxylic acid.

k 2,2′-(3-Ethylpyrazine-2,5-diyl)diethanol. k 2,2′-(3-Ethylpyrazine-2,5-diyl)diethanol.
l (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4- l (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4-
carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydrox- carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydrox-
yphenyl)acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2- yphenyl)acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid. carboxylic acid.
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For chewable Tablets SPECIFIC TESTS

Impurity Table 4 Change to read:

Relative Relative Acceptance
Name  Retention  Response  Criteria, • WATER DETERMINATION, Method I 〈921〉:  NMT 7.5% where the

 Time  Factor  NMT (%) labeled amount of amoxicillin in each T ablet is 250 mg or less;
Amoxicillin related com- NMT 10.0% where the labeled amount of amoxicillin in each
pound Ia,b (D-hydrox- 0.18 — — Tablet is more than 250 mg but less than or equal to 500 mg;
yphenylglycine) NMT 11.0% where the labeled amount of amoxicillin in each

Clavulanic acid 0.45 — — Tablet is more than 500 mg
0.56Amoxicillin related com-

0.63 1.0c
pound Dc,d (amoxicillin 0.81 ■

open ring) Acceptance
Tablet Label Claim

Amoxicillin related com- Criteria,
(mg amoxicillin/Tablet)

pound Aa,e (6-ami- 0.64 — —  NMT (%)
nopenicillanic acid) ≤250 7.5

Clavulanate related com- >250 but ≤500 10.0
pound Ef (clavulanate 0.78 1.0 0.9 >500 11.0
dimer open ring)

Amoxicillin 1.0 — —
■2S (USP34)Amoxicillin related com-

Where Tablets are labeled as chewable:  NMT 6.0% wherepound Ga,g (D-hydrox-
1.4 — — the labeled amount of amoxicillin in each T ablet is 125 mg oryphenylglycyl-

less; NMT 8.0% where the labeled amount of amoxicillin inamoxicillin)
each Tablet is more than 125 mg1.5 — —Amoxicillin related com-

pound Ea,h,i (amoxicillin 1.7 — —
■penilloic derivatives)

AcceptanceAmoxicillin related com- Tablet Label Claim
Criteria,pound Cj (amoxicillin re- 1.8 1.6 1.0 (mg amoxicillin/Tablet)

 NMT (%)arrangement product)
≤125 6.0Clavulanate related com-
>125 8.0pound Ck 1.9 1.4 1.0

(ethylpyrazinediethanol)
Amoxicillin related com-

■2S (USP34)pound Jl (amoxicillin 2.1 1.0 2.0 Where the Tablets are labeled for veterinary use only:
open ring dimer) NMT 10.0%

Any individual, unspecified
— 1.0 0.9

degradation product
Add the following:a These impurities are process impurities that are controlled in the drug sub-

stance. They are listed here for reference only and are not to be reported.
b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid. ■• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED
c The chromatographic system resolves two penicilloic acids; the sum of the MICROORGANISMS 〈62〉:  The total aerobic microbial count
two peaks is reported and the total for both peaks is NMT 1.0%. does not exceed 1000 cfu/g, and the total combined molds

d (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5- and yeasts count does not exceed 100 cfu/g. ■2S (USP34)
dimethylthiazolidine-4-carboxylic acid.

e (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2- ADDITIONAL REQUIREMENTS
carboxylic acid. • PACKAGING AND STORAGE:  Preserve in tight containers.

f (2R,4R,Z)-2-(Carboxymethyl)-5-(2-hydroxyethylidene)-3-[(2R,5R,Z)-3-(2-
hydroxyethylidene)-7-oxo-4-oxa-1-azabicyclo[3.2.0]heptane-2-carbon-

Change to read:yl]oxazolidine-4-carboxylic acid.
g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydrox-
yphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2- • LABELING:  Label chewable Tablets to include the word “chew-carboxylic acid. able” in juxtaposition to the official name. The labeling indi-h The chromatographic system resolves two penilloic acids. cates that chewable Tablets may be chewed before beingi (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5- swallowed or may be swallowed whole. T ablets intended fordimethylthiazolidine-4-carboxylic acid. veterinary use only are so labeled. •When more than one Dis-j (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine- solution test is given, the labeling states the Dissolution test4-carboxylic acid. used only if Test 1 is not used. •(RB 1-Mar-2009)k 2,2′-(3-Ethylpyrazine-2,5-diyl)diethanol.

l (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4-
carboxy-5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydrox- Change to read:
yphenyl)acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid.

• USP REFERENCE STANDARDS 〈11〉
USP Amoxicillin RS

■2S (USP34) ■USP Amoxicillin Related Compound A RS
[(2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo
[3.2.0]heptane-2-carboxylic acid; 6-aminopenicillanic acid]

(C8H12N2O3S 216.26)
USP Amoxicillin Related Compound D RS
[(4S)-2-{[(R)-2-amino-2-(4-hydrox-
yphenyl)acetamido](carboxy)methyl}-5,5-
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dimethylthiazolidine-4-carboxylic acid; amoxicillin open mg/mL of USP Bupropion Hydrochloride Related Compound F
ring] RS in methanol

(C16H21N3O6S 383.42)■2S (USP34) System suitability solution A:  0.002 mg/mL of USP Bupro-
USP Clavulanate Lithium RS pion Related Compound C RS and 0.02 mg/mL of USP Bupro-

pion Related Compound F RS from System suitability stock so-
lution A and Diluent ■1■2S (USP34)

System suitability stock solution B:  0.09 mg/mL of m-
BRIEFING chlorobenzoic acid in water

System suitability solution B:  0.0018 mg/mL of m-
chlorobenzoic acid from System suitability stock solution B and

Bupropion Hydrochloride Extended-Release Tablets,  USP Diluent ■1■2S (USP34)
33 Reissue page R-463 and page 1109 of PF 35(5) [Sept.–Oct. Standard solution:  0.6 mg/mL of USP Bupropion Hydrochlo-
2009]. On the basis of comments and supporting data received, ride RS in Diluent ■1
it is proposed to incorporate alternative preparation(s) for the Sample stock solution A:  Transfer a number of T ablets intact
sample in the Assay, because the current official procedure is or crushed, to a suitable homogenizer vessel containing suffi-
reported to be not suitable for different formulations. It is also cient methanol to obtain a concentration of 3.0 mg/mL of
clarified that the analysis can be done by using either Sample bupropion hydrochloride. Immediately homogenize the sam-
solution A or Sample solution B. The alternative sample, Sample ple for 30 s at 20,000 rpm. Allow extraction for 3 min, and
solution B, uses Diluent 2, which is a mixture of methanol and follow by two additional 10-s pulses, each at 20,000 rpm,
buffer (disodium hydrogen phosphate, pH 3.0). pausing 3 min between these pulses to ensure complete ex-

traction. Pass a portion of the solution through a nylon filter
of 0.45-µm pore size, discarding the first 2–4 mL of the
filtrate.(MD-PP: S. Ramakrishna, R. Ravichandran.) RTS—C78987;

Sample solution A:  Nominally 0.6 mg/mL of Sample stockC74605
solution A in 0.001 N hydrochloric acid. Alternatively, the Sam-
ple solution can be prepared as follows:

Buffer:  Dissolve 100 g of anhydrous disodium hydrogen
phosphate in 1 L of water. Add 50 mL of phosphoric acid, stirBupropion Hydrochloride Extended-
or sonicate until dissolved, and mix. Adjust with phosphoricRelease Tablets acid to a pH of 3.0.

Diluent 2:  Methanol and Buffer (1:4)
DEFINITION Sample stock solution B:  Weigh and grind NL T 20 Tablets to
Bupropion Hydrochloride Extended-Release Tablets contain NLT prepare a solution of nominal concentration of 3 mg/mL. Ini-

90.0% and NMT 110.0% of the labeled amount of bupropion tially add Diluent 2 (75% of the volume of the flask), stir for
hydrochloride (C13H18ClNO · HCl). 30 min, and sonicate for 15 min, and then dilute to volume.

Mix, centrifuge a portion, and use the supernatant.
IDENTIFICATION Sample solution B:  Nominally 0.6 mg/mL of Sample stock• A. INFRARED ABSORPTION 〈197K〉 solution B in Diluent 2■2S (USP34)Sample:  Crush 1 Tablet using a mortar and pestle. Prepare an Chromatographic system

approximate 1% (w/w) dispersion of the sample in potassium (See Chromatography 〈621〉, System Suitability.)
bromide. Mode:  LC

Acceptance criteria:  The sample shows strong bands at Detector:  UV 226 nm
about 1690, 1560, and 1240 cm −1 and a weaker band at Column:  4.6-mm × 10-cm; 3.5-µm packing L1
about 740 cm −1, similar to the reference preparation. Column temperature:  40°• B.  The retention time of the major peak of the Sample solu- Flow rate:  1.5 mL/min
tion corresponds to that of the Standard solution, as obtained Injection size:  5 µL
in the Assay. System suitability

Samples:  System suitability solution A, System suitability solu-ASSAY
tion B, and Standard solution

Suitability requirements
Change to read: Resolution:  NLT 1.5, between bupropion hydrochloride

related compound C and bupropion hydrochloride related
compound F, System suitability solution A

• PROCEDURE Tailing factor:  NMT 1.9, Standard solution
Diluent ■1:■2S (USP34)  Methanol and 0.001 N hydrochloric acid Relative standard deviation:  NMT 1.5%, Standard
(1:4) solution

Solution A:  Acetonitrile, water, and trifluoroacetic acid Relative response factor:  Between 0.22 and 0.26 for m-
(10:90:0.04) chlorobenzoic acid. [NOTE—Use the responses from System

Solution B:  Acetonitrile, water, and trifluoroacetic acid suitability solution B and the Standard solution.
(95:5:0.03) Analysis

Mobile phase:  See the gradient table. Samples:  Standard solution and Sample solution ■A or Sample
solution B■2S (USP34)

Calculate the percentage of label claim of C 13H18ClNO · HClTime Solution A Solution B
in the portion of T ablets taken:(min) (%) (%)

0 90 10
Result = (r U/rS) × (CS/CU) × 1003.4 87 13

10.0 15 85 rU = peak response for bupropion hydrochloride from
10.1 0 100 Sample solution ■A or Sample solution B■2S (USP34)

rS = peak response for bupropion hydrochloride from13.0 0 100
the Standard solution13.2 90 10

CS = concentration of USP Bupropion Hydrochloride19.0 90 10
RS in the Standard solution (mg/mL)

System suitability stock solution A:  0.02 mg/mL of USP
Bupropion Hydrochloride Related Compound C RS and 0.2
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CU = nominal concentration of bupropion hydrochlo- Mode:  LC
ride in Sample solution ■A or Sample solution Detector:  UV 298 nm
B■2S (USP34) (mg/mL) Column:  4.6-mm × 15-cm; packing L1

Acceptance criteria:  90.0%–110.0% Flow rate:  1 mL/min
Injection size:  20 µL

PERFORMANCE TESTS System suitability
Sample:  Standard solution
Suitability requirementsChange to read:
Column efficiency:  NLT 2000 theoretical plates
Tailing factor:   NMT 2.0
Relative standard deviation:  NMT 2.0%• DISSOLUTION 〈711〉

AnalysisFor products labeled for dosing every 12 h
Samples:  Standard solution and Sample solutionTest 1

Tolerances:  The percentage of the labeled amount ofMedium:  Water; 900 mL
C13H18ClNO · HCl dissolved at the times specified conformsApparatus 2:  50 rpm
to Acceptance Table 2.Times:  1, 4, and 8 h

Standard solution:  USP Bupropion Hydrochloride RS at a
known concentration in Medium Time Amount Dissolved

Sample solution:  Pass a portion of the solution under test (h) (%)
through a suitable filter, and dilute with Medium, if 1 25–50
necessary.

2 40–65Spectrometric conditions
4 65–90(See Spectrophotometry and Light-Scattering 〈851〉.)
6 NLT 80Mode:  UV-Vis

Analytical wavelength:  298 nm
Test 3:  If the product complies with this test, the labelingCell:  1.0 cm
indicates that it meets USP Dissolution Test 3.Blank:  Medium

Medium, Apparatus 2, Standard solution, Sample solu-Analysis
tion, Spectrometric conditions, and Analysis:  ProceedSamples:  Standard solution and Sample solution
as directed for Test 1, except the wavelength is about 250Tolerances:  The percentage of the labeled amount of
nm ■and use wire coil sinkers, if necessar y.■2S (USP33)C13H18ClNO · HCl dissolved at the times specified conforms

Times:  1, 2, 4, and 6 hto Acceptance Table 2.
Tolerances:  The percentage of the labeled amount of
C13H18ClNO · HCl dissolved at the times specified conforms

Time Amount Dissolved to Acceptance Table 2.
(h) (%)
1 25–45

Time Amount Dissolved
4 60–85 (h) (%)
8 NLT 80 1 30–55

2 50–75Test 2:  If the product complies with this test, the labeling
4 70–90indicates that it meets USP Dissolution Test 2.

Medium:  0.1 N hydrochloric acid, pH 1.5 (prepared by 6 NLT 80
transferring 50 mL of concentrated hydrochloric acid to

Test 5:  If the product complies with this test, the labeling6000 mL of water, adding 18 g of sodium hydroxide, mix-
indicates that it meets USP Dissolution Test 5.ing, and adjusting with either diluted sodium hydroxide or

Medium and Analysis:  Proceed as directed for Test 1.hydrochloric acid to a pH of 1.5 ± 0.05); 900 mL,
Times:  1, 3, and 6 hdeaerated
Spectrometric conditions:  Proceed as directed for Test 1,Apparatus 1:  50 rpm
except to use a 0.5-cm cell.Times:  1, 2, 4, and 6 h

Tolerances:  The percentage of the labeled amount ofDetermine the percentages of the labeled amount of
C13H18ClNO · HCl dissolved at the times specified conformsC13H18ClNO · HCl dissolved by using the following method.
to Acceptance Table 2.Buffer:  3.45 g of monobasic sodium phosphate monohy-

drate in 996 mL of water. Add 4.0 mL of triethylamine,
and adjust with phosphoric acid to a pH of 2.80 ± 0.05. Time Amount Dissolved

Mobile phase:  Methanol and Buffer (7:13) (h) (%)
Standard solution:  USP Bupropion Hydrochloride RS in 1 35–55
Medium at a known concentration similar to the one ex-

3 65–85pected in the Sample solution
6 NLT 80Sample solution:  Use portions of the solution under test,

and pass through a nylon filter of 0.45- µm pore size. Test 7:  If the product complies with this test, the labelingChromatographic system indicates that it meets USP Dissolution Test 7.(See Chromatography 〈621〉, System Suitability.) Medium, Apparatus 1, and Times:  Proceed as directed
for Test 2, including the quantitative chromatographic
method, but using as the Mobile phase a mixture of Buffer
with methanol (55:45).

Tolerances:  The percentages of the labeled amount of
C13H18ClNO · HCl dissolved at the times specified conform
to Acceptance Table 2.
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Time Amount Dissolved For Tablets labeled to contain 300 mg:  0.333 mg/mL
(h) (%) of USP Bupropion Hydrochloride RS dissolved in Medium

Sample solution:  Pass a portion of the solution under test1 25–50
through a suitable filter of 0.45- µm pore size.2 45–70

Spectrometric conditions
4 NLT 70 (See Spectrophotometry and Light-Scattering 〈851〉.)
6 NLT 80 Mode:  UV-Vis

Analytical wavelength:  298 nmFor products labeled for dosing every 24 h Blank:  MediumTest 4:  If the product complies with this test, the labeling Tolerances:  The percentage of the labeled amount ofindicates that it meets USP Dissolution Test 4. C13H18ClNO · HCl dissolved at the times specified conformsMedium:  0.1 N hydrochloric acid; 900 mL, deaerated to Acceptance Table 2.Apparatus 1:  75 rpm
Times:  2, 4, 8, and 16 h
Standard solution:  USP Bupropion Hydrochloride RS at a Time Amount Dissolved
known concentration in Medium (h) (%)

Sample solution:  Pass a portion of the solution under test 2 NMT 10
through a suitable filter, and dilute with Medium, if 4 10–35
necessary.

8 45–75Spectrometric conditions
16 NLT 80(See Spectrophotometry and Light-Scattering 〈851〉.)

Mode:  UV-Vis
Analytical wavelength:  252 nm •3Cell:  1.0 cm • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirementsBlank:  Medium Procedure for content uniformityAnalysis Standard solution:  0.33 mg/mL of USP Bupropion Hydro-Samples:  Standard solution and Sample solution chloride RS in waterTolerances:  The percentage of the labeled amount of Sample solution:  Transfer 1 Tablet to a suitable homogen-C13H18ClNO · HCl dissolved at the times specified conforms izer vessel containing a volume of water to obtain a concen-to Acceptance Table 2. tration of about 0.33 mg of bupropion hydrochloride per

mL. Immediately homogenize the sample using single 30-s
Time Amount Dissolved pulses each at 5,000, 10,000, and 15,000 rpm, and follow
(h) (%) by two pulses each at 20,000 rpm. After the homogenate

has settled, mix at 5000 rpm for an additional 30 s. Pass a2 NMT 20
portion of the solution through a nylon filter of 0.45- µm4 20–45
pore size, discarding the first 4 mL of the filtrate.8 65–90

Analysis:  Proceed as directed for the appropriate Dissolution
16 NLT 80 procedure, using a 0.5-cm cell, and correct for dilution.

Test 6:  If the product complies with this test, the labeling IMPURITIES
indicates that it meets USP Dissolution Test 6.

Medium and Apparatus:  Proceed as directed for Test 4.
Change to read:Times:  1, 2, 4, 8, and 12 h

Standard solution:  USP Bupropion Hydrochloride RS at a
known concentration in Medium

Organic ImpuritiesSample solution:  Pass a portion of the solution under test
• PROCEDUREthrough a suitable filter, and dilute with Medium, if

Solution A, Solution B, Mobile phase, System suitability so-necessary.
lution A, System suitability solution B, Standard solution,Spectrometric conditions
Sample solution ■A or Sample solution B,■2S (USP34) and(See Spectrophotometry and Light-Scattering 〈851〉.)
Chromatographic system:  Proceed as directed in theMode:  UV-Vis
Assay.Analytical wavelength:  298 nm

AnalysisCell:  1.0 cm
Samples:  Standard solution and Sample solution ■A or Sam-Blank:  Medium
ple solution B■2S (USP34)Tolerances:  The percentage of the labeled amount of

Calculate the percentage of each impurity in the portion ofC13H18ClNO · HCl dissolved at the times specified conforms
Tablets taken:to Acceptance Table 2.

Result = (r U/rS) × (CS/CU) × F × 100
Time Amount Dissolved
(h) (%) rU = peak response for each impurity from Sample
1 15–35 solution ■A or Sample solution B■2S (USP34)

rS = peak response for bupropion hydrochloride from2 25–50
the Standard solution4 40–65

CS = concentration of USP Bupropion Hydrochloride
8 65–90 RS in the Standard solution (mg/mL)
12 NLT 80 CU = nominal concentration of bupropion hydrochlo-

ride in Sample solution ■A or Sample solution•Test 8:  If the product complies with this test, the labeling B■2S (USP34) (mg/mL)indicates that it meets USP Dissolution Test 8. F = relative response factor (see Impurity Table 1)Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 1:  75 rpm
Times:  2, 4, 8, and 16 h
Standard solution
For Tablets labeled to contain 150 mg:  0.167 mg/mL
of USP Bupropion Hydrochloride RS dissolved in Medium
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Acceptance criteria:  See Impurity Table 1. Codeine Sulfate

Impurity Table 1 (C18H21NO3)2 · H2SO4 · 3H2O 750.85
Acceptance Criteria,

(C18H21NO3)2 · H2SO4 696.82NMT (%)
Morphinan-6-ol, 7,8-didehydro-4,5-epoxy-3-methoxy-17-methyl-,

150 mgRelative Relative (5α,6α)-, sulfate (2:1) (salt), trihydrate;100 mg
orRetention Response 7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α-olor less

greaterName Time Factor sulfate (2:1) (salt) trihydrate  [6854-40-6].
2-Amino-1-(3- Anhydrous [1420-53-7].
chlorophenyl)-1- 0.38 0.80 0.3 0.3
propanone DEFINITION

(3S,5S,6S)-6-(3-
Chlorophenyl)-6- Change to read:
hydroxy-5-meth-

0.56 0.86 1.0 1.5
yl-3-thi-
omorpholine Codeine Sulfate, dried at 105 ° for 3 h, contains NLT 98.5% and
carboxylic acid NMT 100.5%■NLT 98.0% and NMT 102.0% ■2S (USP34) of

(3S,5R,6R)-6-(3- (C18H21NO3)2 · H2SO4.
Chlorophenyl)-6-

IDENTIFICATIONhydroxy-5-meth-
0.78 0.88 0.5 0.4 • A. INFRARED ABSORPTION 〈197K〉yl-3-thi-

• B. ULTRAVIOLET ABSORPTION 〈197U〉omorpholine
Solution:  100 µg/mL in watercarboxylic acid
Acceptance criteria:  Absorptivities at 284 nm, do not differBupropion 1.0 — — —
by more than 3.0%, calculated on the dried basis.

Bupropion related • C. IDENTIFICATION TESTS—GENERAL, Sulfate 〈191〉:  Meets the1.71 0.55 1.2 2.3
compound F requirements

Bupropion related
1.75 0.59 0.3 0.3

compound C ASSAY
m-Chlorobenzoic

1.80 0.24 0.3 0.3
acid Change to read:

1-(3-Chloro-
phenyl)-1,2- 2.25 1.0 0.4 0.4
propanedione • PROCEDURE

Sample:  1.4 g of Codeine SulfateAny unspecified
— 1.0 0.2 0.2 Analysis:  Dissolve the Sample, previously dried, in 50 mL ofimpurity

glacial acetic acid, warming if necessar y, to effect solution.Total impurities — — 3.2 3.3
Titrate with 0.1 N perchloric acid VS. Per form a blank determi-
nation, and make any necessar y correction (see Titrimetry

ADDITIONAL REQUIREMENTS 〈541〉). Each mL of 0.1 N perchloric acid is equivalent to 69.68
• PACKAGING AND STORAGE:  Preserve in well-closed containers. mg of (C 18H21NO3)2 · H2SO4.
• LABELING:  When more than one Dissolution test is given, the Acceptance criteria:  98.5%–100.5%

labeling states the Dissolution test used only if Test 1 is not ■Buffer:  Dissolve 4.0 g of potassium phosphate monobasic in
used. 2000 mL of water, and adjust with phosphoric acid to a pH of

• USP REFERENCE STANDARDS 〈11〉 3.0 ± 0.1.
USP Bupropion Hydrochloride RS Solution A:  5 mM sodium heptane sulfonate in methanol
USP Bupropion Hydrochloride Related Compound C RS and buffer (3:7). [ NOTE—Dissolve 1.0 g sodium heptane sulfo-
USP Bupropion Hydrochloride Related Compound F RS nate for each L of Mobile phase produced, and then filter.]

Solution B:  5 mM sodium heptane sulfonate in methanol and
buffer (11:9). [NOTE—Dissolve 1.0 g sodium heptane sulfonate
for each L of Mobile phase produced, and then filter.]BRIEFING Diluent:  Solution A

Mobile phase:  See the gradient table below.

 Codeine Sulfate.  USP 32 page 2016 and page 4229 of the
Time Solution A Solution BSecond Supplement to USP 32–NF 27. On the basis of comments
(min)  (%)  (%)received, it is proposed to revise both the Assay and the test for

0 100 0Organic Impurities, Procedure 1: Chromatographic Purity by replac-
ing the current titration and TLC methods with an HPLC 16 0 100
method that is stability-indicating and has greater specificity. In 16.5 100 0
the proposed liquid chromatographic procedures, analyses are 24 100 0performed with the Inertsil ODS-2 brand of L1 column. The typi-
cal retention time is about 10 min for codeine sulfate. The ac-
ceptance criteria for the Assay has also been revised from NL T Standard solution:  1 mg/mL of USP Codeine Sulfate RS in
98.5% and NMT 100.5% to NL T 98.0% and NMT 102.0% as a Diluent
result of the proposed method change. Sample solution:  1 mg/mL of Codeine Sulfate in Diluent

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

(MD-CCA: C. Anthony.) RTS—C78925
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Mode:  LC Standard stock solution:  1 mg/mL of USP Codeine Sulfate
Detector:  UV 280 nm RS in Diluent
Column:  4.6-mm × 25-cm; 5-µm packing L1 Standard solution:  0.01 mg/mL of USP Codeine Sulfate RS
Column temperature:  40° in Diluent from Standard stock solution
Flow rate:  1.0 mL/min Sensitivity solution:  0.5 µg/mL of USP Codeine Sulfate RS
Injection size:  20 µL in Diluent from Standard stock solution

System suitability Sample solution:  1 mg/mL of Codeine Sulfate in Diluent
Sample:  Standard solution System suitability
Suitability requirements Samples:  Standard solution and Sensitivity solution

Tailing factor:  NMT 2.0 Suitability requirements
Relative standard deviation:  NMT 2.0% Tailing factor:  NLT 0.5 and NMT 1.5, Standard solution

Analysis Relative standard deviation:  NMT 5.0%, Standard
Samples:  Standard solution and Sample solution solution
Calculate the percentage of (C 18H21NO3)2 · H2SO4 in the por- Signal-to-noise ratio:   NLT 10, Sensitivity solution
tion of Codeine Sulfate taken: Analysis

Samples:   Standard solution and Sample solution
Result = (r U/rS) × (CS × CU) × 100  Calculate the per centage of each individual impurity in the

portion of Codeine Sulfate taken:
rU = peak area of codeine sulfate from the Sample

solution  (rU/rS) × (CS/CU) × (1/F) × 100
rS = peak area of codeine sulfate from the Standard

solution rU = peak response of each individual impurity from
CS = concentration of USP Codeine Sulfate RS in the the Sample solution

Standard solution (mg/mL) rS = peak response of codeine sulfate from the Stan-
CU = concentration of Codeine Sulfate in the Sample dard solution

solution (mg/mL) CS = concentration of USP Codeine Sulfate RS in the
Acceptance criteria:  98.0%–102.0%■2S (USP34) Standard solution (mg/mL)

CU = concentration of Codeine Sulfate in the Sample
IMPURITIES solution (mg/mL)
Inorganic Impurities F = relative response factor of the related com-
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% pounds (see Impurity Table 1)

Acceptance criteria
Individual impurities:  See Impurity Table 1.Change to read:
Total impurities:  NMT 1.5%.

Organic Impurities Impurity Table 1
• PROCEDURE 1

Relative Relative AcceptanceChromatographic Purity
 Retention  Response CriteriaDiluent:  0.01 N hydrochloric acid and dehydrated alcohol

 Name  Time  Factor NMT (%)(4:1)
Sample solution A:  40 mg/mL in Diluent 10-Hydroxy-
Sample solution B:  0.8 mg/mL from Sample solution A in codeinea 0.81 1.35 0.15
Diluent Codeine-N-oxideb 0.90 1.0 0.15

Sample solution C:  0.4 mg/mL from Sample solution A in Codeine sulfate 1.00 — —
Diluent

Norcodeinec 1.09 1.0 0.15Spray reagent:  3 mg/mL chloroplatinic acid solution and
Codeinoned 1.16 1.0 0.1560 mg/mL potassium iodide solution (1:1)
Codeine methylChromatographic system
ethere 1.34 1.0 1.0 (See Chromatography 〈621〉, Thin-Layer Chromatography.)

Mode:  TLC Individual
Adsorbent:  0.25-mm layer of chromatographic silica gel unspecified
Application volume:  10 µL impurities — — 0.10
Developing solvent system:  Dehydrated alcohol, cyclo- a 7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α,10-diol.
hexane, and ammonium hydroxide (12:5:1) b 7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α-ol N-oxide.

Analysis c 7,8-Didehydro-4,5α-epoxy-3-methoxymorphinan-6α-ol.
Samples:  Sample solution A, Sample solution B, and Sam- d 7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α-one.
ple solution C e 7,8-Didehydro-4,5α-epoxy-3,6α-dimethoxy-17-methylmorphinan.

Apply each of the Sample solutions to the plate. Allow the  
spots to dry, and develop the chromatogram in the Devel-
oping solvent system until the solvent front has moved

■2S (USP34)three-fourths of the length of the plate. Remove the plate
• PROCEDURE 2: LIMIT OF MORPHINEfrom the developing chamber, and allow the solvent to

Analysis:  Dissolve 50 mg of potassium ferricyanide in 10 mLevaporate. Spray the plate with Spray reagent, and ex-
of water, and add 1 drop of ferric chloride TS and 1 mL of 10amine the chromatogram.
mg/mL solution of Codeine Sulfate.Acceptance criteria:  No spot obtained from Sample solu-

Acceptance criteria:  No blue color is produced immediately.tion A, other than the principal spot and any spot obser ved
at the origin, is more intense than the principal spot ob- SPECIFIC TESTStained from Sample solution B (2%); and NMT one such • OPTICAL ROTATION, Specific Rotation 〈781S〉:  −112.5° tospot having an R F greater than that of the principal spot is −115.0°more intense than the principal spot from Sample solution Sample solution:  20 mg/mL, in waterC (1%). • ACIDITY■Buffer, Solution A, Solution B, Diluent, Mobile phase, and Analysis:  Dissolve 500 mg in 15 mL of water, add 1 drop ofChromatographic system:  Proceed as directed in the methyl red TS, and titrate with 0.020 N sodium hydroxide.Assay.

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(4) [July–Aug. 2010] IN-PROCESS REVISION 911

Acceptance criteria:  NMT 0.30 mL is required for a 100-mL volumetric flask. Add sufficient water to make a thin
neutralization. suspension, then add 20 mL of 0.5 N sulfuric acid. Shake the

• WATER DETERMINATION, Method III 〈921〉:  Dry 500 mg at 105 ° mixture occasionally for 2 h, and allow to stand for 16 h.
for 3 h: it loses between 6.0% and 7.5% of its weight. Dilute with water to volume, mix, and filter through a filtering

crucible. Transfer measured portion of the filtrate, equivalent
to NLT 75 mg of codeine sulfate, to a separator. Render theChange to read: solution alkaline with 6 N ammonium hydroxide, and com-
pletely extract the alkaloid with successive 15-mL portions of
chloroform. Evaporate the combined chloroform solution on a• READILY CARBONIZABLE SUBSTANCES TEST 〈271〉
steam bath nearly to dr yness, add 25.0 mL of 0.02 N sulfuricSample solution:  Dissolve 10 mg in 5 mL of sulfuric acid.
acid VS, and heat gently to dissolve the codeine and expel all■

■2S (USP32)
of the chloroform. Cool, add methyl red TS, and titrate theAcceptance criteria:  The solution has no more color than
excess acid with 0.02 N sodium hydroxide VS. Each mL ofMatching Fluid S.
0.02 N sulfuric acid is equivalent to 7.509 mg of (C 18H21NO3)2

· H2SO4 · 3H2O.ADDITIONAL REQUIREMENTS
■Diluent:  0.5% of phosphoric acid (5 mL of concentrated• PACKAGING AND STORAGE:  Preserve in tight, light-resistant
phosphoric acid and 1000 mL of water)containers.

Solution A:  Acetonitrile and 0.1% ammonium hydroxide (1.0• USP REFERENCE STANDARDS 〈11〉
mL of concentrated ammonium hydroxide and 1000 mL ofUSP Codeine Sulfate RS
water) (1:19)

Solution B:   Acetonitrile and 0.1% ammonium hydroxide
(9:11)

BRIEFING Mobile phase:  See the gradient table below.

Time Solution A Solution BCodeine Sulfate Tablets.   USP 32 page 2016. As part of
(min)  (%)  (%)USP’s monograph modernization efforts, it is proposed to re-

0 100 0place the nonselective titration Assay with a stability-indicating
40 0 100HPLC-based method; add an Organic Impurity stability-indicating

HPLC method to monitor the impurities present; and revise the 41 100 0
current Dissolution conditions to coincide with new approved 50 100 0
conditions and improve the discriminator y power of the test.
The proposed liquid chromatographic procedures for the Assay

[NOTE—The Standard and Sample solutions, for the degradationand Organic Impurity test are per formed with the Gemini C18
products, are stable for 4 days when stored at room temperaturebrand of L1 column.The typical retention time is about 24 min
in amber vials.]for codeine sulfate.
Standard solution:  1.2 mg/mL of USP Codeine Sulfate RS in
Diluent

Sensitivity solution:  0.6 µg/mL of USP Codeine Sulfate RS(MD-CCA: C. Anthony.  BPC:  M. Marques.) RTS—C78961 from Standard solution in Diluent
Sample solution:  1.2 mg/mL of codeine sulfate in Diluent.
[NOTE—Dissolve 20 Tablets in 80% of the flask volume of Dilu-
ent and sonicate for 15–30 min with occasional swirlingCodeine Sulfate Tablets before diluting with Diluent to volume.]

Chromatographic system
DEFINITION (See Chromatography 〈621〉, System Suitability.)
Codeine Sulfate Tablets contain NLT 93.0% and NMT 107.0% of Mode:  LC

the labeled amount of (C 18H21NO3)2 · H2SO4 · 3H2O. Detector:  UV 282 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1IDENTIFICATION Column temperature:  40°• A. INFRARED ABSORPTION 〈197K〉 Flow rate:  1.2 mL/minStandard solution:  50 mg of USP Codeine Sulfate RS dis- Injection size:  40 µLsolved in 15 mL of water, then rendered alkaline with 6 N System suitabilityammonium hydroxide and extracted with several 10-mL por- Samples:  Standard solution and Sensitivity solutiontions of chloroform, followed by evaporation of the combined Suitability requirementschloroform extracts on a steam bath to dr yness, drying at 80 ° Relative standard deviation:  NMT 2.0%, Standardfor 4 h solutionSample solution:  Digest an equivalent to 50 mg of codeine Tailing factor:  NMT 2.0, Standard solutionsulfate from finely powdered T ablets, with 15 mL of water and Column efficiency:  NLT 10,000 theoretical plates, Standard5 mL of 2 N sulfuric acid for 1 h. Filter, if necessar y, and wash solutionany undissolved residue with a few mL of water. Render the Signal-to-noise ratio:   NLT 10, Sensitivity solutionfiltrate alkaline with 6 N ammonium hydroxide, extract with Analysisseveral small portions of chloroform, and evaporate the chlo- Samples:  Standard solution and Sample solutionroform solution on a steam bath to dr yness, drying at 80 ° for Calculate the percentage of (C 18H21NO3)2 · H2SO4 · 3H2O in4 h. the portion of Tablets taken:• B. IDENTIFICATION TESTS—GENERAL, Sulfate 〈191〉:  A filtered so-

lution of Tablets meets the requirements. Result = (r U/rS) × (CS × CU) × (Mr1/Mr2) × 100

ASSAY rU = peak area of codeine sulfate from the Sample
solution

rS = peak area of codeine sulfate from the StandardChange to read:
solution

CS = concentration of USP Codeine Sulfate RS in the
• PROCEDURE Standard solution (mg/mL)

Sample solution:  Transfer an equivalent to 150 mg of co-
deine sulfate from finely powdered T ablets (NLT 20 Tablets) to
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CU = concentration of codeine sulfate in the Sample Analysis
solution (mg/mL) Samples:  Standard solution and Sample solution

Mr1 = molecular weight of codeine sulfate, trihydrate,  Calculate the per centage of each individual impurity in the
750.87 portion of Tablets taken:

Mr2 = molecular weight of codeine sulfate, anhydrous,
 (rU/rS) × (CS/CU) × (1/F) × 100696.82

■2S (USP34)
rU = peak response of each individual impurity fromAcceptance criteria:  93.0%–107.0%

the Sample solution
PERFORMANCE TESTS rS = peak response of codeine sulfate from the Stan-

dard solution
CS = concentration of USP Codeine Sulfate RS in theChange to read: Standard solution (mg/mL)
CU = concentration of codeine sulfate in the Sample

solution (mg/mL)• DISSOLUTION 〈711〉
F = relative response factor of the related com-Medium:  Water; 500 mL

pounds (see ImpurityTable 1)Apparatus 1:  100 rpm
Acceptance criteria■Apparatus 2:  25 rpm ■2S (USP34)

Individual impurities:  See Impurity Table 1.Time:  45 min
Total impurities:  NMT 0.5%.Detector:  UV, maxima at about 284 nm

■Cell:  1 cm
Blank:  Medium■2S (USP34) Impurity Table 1
Standard solution:  USP Codeine Sulfate RS in Medium

Relative Relative AcceptanceSample solution:  Sample per Dissolution 〈711〉. Filter and di-
 Retention  Response Criterialute with Medium to a concentration that is similar to the

 Name  Time  Factor NMT (%)Standard solution.■Pass a portion of the solution under test
Codeine-N-oxidea 0.39 1.25 0.2through a suitable filter of 0.8- µm pore size. ■2S (USP34)

Tolerances:  NLT 75% (Q) of the labeled amount of Codeine sulfate 1.00 — —
(C18H21NO3)2 · H2SO4 · 3H2O is dissolved. Codeinoneb 1.10 1.0 0.3

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements Individual unspeci-
Procedure for content uniformity fied degradant — — 0.2
Standard solution:  110 µg/mL of USP Codeine Sulfate RS in

a 7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α-ol N-oxide.0.2 N sulfuric acid
b 7,8-Didehydro-4,5α-epoxy-3-methoxy-17-methylmorphinan-6α-one.Sample solution:  Transfer 1 Tablet to a 50-mL volumetric

flask. Add 20 mL of 0.5 N sulfuric acid and 10 mL of water.
Shake until the Tablet is disintegrated, and allow to stand for ■2S (USP34)

16 h. Dilute with water to volume, and filter, discarding the
ADDITIONAL REQUIREMENTSfirst few mL of the filtrate. Dilute the resulting filtrate with
• PACKAGING AND STORAGE:  Preserve in well-closed containers.0.2 N sulfuric acid to obtain a solution containing nominally
• USP REFERENCE STANDARDS 〈11〉120 µg/mL of codeine sulfate (trihydrate).

USP Codeine Sulfate RSSpectrometric conditions
(See Spectrophotometry and Light-Scattering 〈851〉.)
Mode:  UV-Vis
Analytical wavelength:  About 284 nm BRIEFINGCell:  1 cm
Blank:  0.2 N sulfuric acid

Analysis
Doxycycline Hyclate Delayed-Release Tablets,  page 4047Samples:  Standard solution, Sample solution, and Blank
of the First Supplement to USP 32–NF 28. On the basis of com-Calculate the percentage of (C 18H21NO3)2 · H2SO4 · 3H2O in
ments received, it is proposed to delete the test for Water Deter-the Tablet taken:
mination because this test is formulation specific.

Result = (A U/AS) × (CS/CU) × (Mr1/Mr2) × 100

AU = absorbance of the Sample solution (MD-ANT: H. Ramanathan, A. W ise.) RTS—C78859
AS = absorbance of the Standard solution
CS = concentration of the USP Codeine Sulfate RS in

the Standard solution (µg/mL)
CU = nominal concentration of codeine sulfate trihy- Doxycycline Hyclate Delayed-Release

drate in the Sample solution (µg/mL) TabletsMr1 = molecular weight of codeine sulfate trihydrate,
750.87

DEFINITIONMr2 = molecular weight of anhydrous codeine sulfate,
Doxycycline Hyclate Delayed-Release Tablets contain an amount696.82

of Doxycycline Hyclate equivalent to NL T 90.0% and NMT
IMPURITIES 120.0% of the labeled amount of doxycycline (C 22H24N2O8).

IDENTIFICATION
Add the following: • The retention time of the major peak of the Sample solution

corresponds to that of the Standard solution, as obtained in
the Assay.

■Organic Impurities
• PROCEDURE ASSAY

 Diluent, Solution A, Solution B, Mobile phase, Standard • PROCEDURE
solution, Sensitivity solution, Sample solution, Chromato- [NOTE—Throughout the following procedure, protect the Stan-
graphic system, and System suitability:  Proceed as di- dard solution and Sample solution from light.]
rected in the Assay.
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Mobile phase:  Transfer 0.77 g of ammonium acetate, 0.75 g Detector:  UV 346 nm
of sodium hydroxide, 0.50 g of tetrabutylammonium hydro- Cell:  0.1-cm quartz
gen sulfate, and 0.40 g of edetate disodium to a 1000-mL Blank:  Medium
volumetric flask. Add 850 mL of water and dissolve. Add 70 g Analysis
of tertiary butyl alcohol with the aid of water, dilute with Samples:  Standard solution and Sample solution
water to volume, and adjust with acetic acid or ammonium Calculate the amount of C 22H24N2O8 dissolved:
hydroxide to a pH of 9.00 ± 0.05.

Result = (A U/AS) × (CS/L) × V × 100Standard solution:  1.16 mg/mL of doxycycline hyclate in
methanol and water (1:9). [ NOTE—Transfer USP Doxycycline

AU = absorbance from the Sample solutionHyclate RS to a suitable volumetric flask, and add methanol to
AS = absorbance from the Standard solution10% of the final volume. Sonicate for 5 min or until dissolved.
CS = concentration of doxycycline in the Standard so-Dilute with water to volume.]

lution (mg/mL)Sample solution:  Equivalent to 1 mg/mL of doxycycline in a
L = label claim (mg/Tablet)mixture of methanol and water (1:9) from NL T 10 Tablets,
V = volume of Medium, 900 mLcrushed. [NOTE—Weigh and crush NMT 2 T ablets at a time in

Tolerancesa suitable mortar. Transfer a weighed portion of the powder •Level 1 (6 Tablets tested):  No individual value is moreto a suitable volumetric flask, add methanol to 10% of the
than 30% of the labeled amount of C 22H24N2O8 dissolvedfinal volume and sonicate. Dilute with water to volume, soni-
in 20 min.cating as necessar y. Pass through a suitable filter.]

Level 2 (6 Tablets tested):  NMT 2 individual values of theChromatographic system
12 tested are greater than 30% of the labeled amount of(See Chromatography 〈621〉, System Suitability.)
C22H24N2O8 in 20 min. • (RB 1-Aug-2009)Mode:  LC

Buffer stageDetector:  UV 270 nm
[NOTE—Conduct this stage of testing on separate T ablets, se-Column:  4.6-mm × 25-cm; packing L21
lecting those that were not previously subjected to AcidColumn temperature:  52 ± 2°
stage testing.]Flow rate:  1 mL/min

Medium:  pH 5.5 neutralized phthalate buffer (see Reagents,Injection size:  15 µL
Indicators, and Solutions—Buffer Solutions); 900 mL, degassedSystem suitability

Apparatus 1:  50 rpmSample:  Standard solution
Time:  30 minSuitability requirements
Standard solution:  0.128 mg/mL of USP DoxycyclineTailing factor:  NMT 2.0
Hyclate RS in Medium. Calculate the concentration, C S, inRelative standard deviation:  NMT 2.0% from six repli-
mg/mL of doxycycline, using the designated potency, in µgcate injections
of doxycycline per mg of USP Doxycycline Hyclate RS.Analysis
[NOTE—Sonicate if necessar y to dissolve.][NOTE—The run time is 1.7 times the retention time of the

Sample solution:  Pass portions of the solution under testdoxycycline peak.]
through a suitable PVDF filter of 0.45- µm pore size.Samples:  Standard solution and Sample solution

Analysis:  Determine the amount of C 22H24N2O8 dissolved byCalculate the percentage of C 22H24N2O8 in the portion of
the procedure described for the Acid stage.Tablets taken:

Tolerances:  NLT 85% (Q) of the labeled amount of
C22H24N2O8 is dissolved.Result = (r U/rS) × (CS/CU) × 100

• UNIFORMITY OF DOSAGE UNITS 〈905〉  Meet the requirements
rU = peak response from the Sample solution

IMPURITIESrS = peak response from the Standard solution
Organic ImpuritiesCS = concentration of doxycycline in the Standard so-
[NOTE—Throughout the following procedure, protect solutionslution (mg/mL)
containing doxycycline from light.]CU = nominal concentration of doxycycline in the

• PROCEDURESample solution (mg/mL)
Mobile phase, Sample solution, and Chromatographic sys-Acceptance criteria:  90.0%–120.0%
tem:  Proceed as directed in the Assay.

PERFORMANCE TESTS Standard stock solution:  1.16 mg/mL of doxycycline
hyclate in methanol and water (1:9). [ NOTE—Transfer USP
Doxycycline Hyclate RS to a suitable volumetric flask, andChange to read: add methanol to 10% of the final volume. Sonicate for 5 min
or until dissolved. Dilute with water to volume.]

Standard solution:  0.02 mg/mL of doxycycline from the• DISSOLUTION, Method B 〈711〉
Standard stock solutionAcid stage

Sensitivity solution:  1 µg/mL of doxycycline from the Stan-Medium:  0.06 N hydrochloric acid; 900 mL, degassed with
dard solutionhelium

System suitability stock solution:  0.04 mg/mL each of USPApparatus 1:  50 rpm
Oxytetracycline Hydrochloride RS, USP Methacycline Hydro-Time:  20 min
chloride RS, and USP Doxycycline Related Compound A RSStandard solution:  0.128 mg/mL of USP Doxycycline

System suitability solution:  Transfer 5 mL of the StandardHyclate RS in Medium. Calculate the concentration, C S, in
stock solution into a 25-mL volumetric flask. Heat on a steammg/mL of doxycycline, using the designated potency, in µg
bath for 60 min, and gently evaporate to dr yness on a hotof doxycycline per mg of USP Doxycycline Hyclate RS.
plate (partial degradation of doxycycline to 4-epidoxycy-[NOTE—Sonicate if necessar y to dissolve.]
cline). Add 3 mL of the System suitability stock solution to theSample solution:  Pass portions of the solution under test
flask, and dilute with water to volume. Pass through a suita-through a suitable PVDF filter of 0.45- µm pore size.
ble filter.

System suitability
Samples:  Standard solution, Sensitivity solution, and System
suitability solution

Suitability requirements
Signal-to-noise ratio:  NLT 10 for doxycycline, Sensitivity
solution
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Resolution:  NLT 1.5 between doxycycline and 6-epidoxy- validated with the ProntoSIL 120 ACE-eps brand of L1 column in
cycline, System suitability solution series with a Chromolith brand of L1 column, in which drospire-

Tailing factor:  NMT 2.0, Standard solution none elutes at about 34 min and ethinyl estradiol elutes at
Relative standard deviation:  NMT 5.0%, Standard about 45 min. The test for Dissolution was validated using the
solution Hypersil ODS brand of L1 packing, in which ethinyl estradiol,

Analysis drospirenone, and isodrospirenone elute at about 3.9, 5.0, and
[NOTE—The run time is 1.7 times the retention time of the 6.2 min, respectively.
doxycycline peak.]

Samples:  Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of (MD-PS: D. Vicchio. BPC: M. Marques.) RTS—C65932Tablets taken:

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

rU = peak response of each impurity from the Sample
solution Add the following:

rS = peak response of doxycycline from the Standard
solution

CS = concentration of doxycycline in the Standard so- ■Drospirenone and Ethinyl Estradiol
lution (mg/mL) Tablets

CU = nominal concentration of doxycycline in the
Sample solution (mg/mL) DEFINITIONF = relative response factor (see Impurity Table 1) Drospirenone and Ethinyl Estradiol T ablets contain NLT 95.0%Acceptance criteria and NMT 105.0% of the labeled amount of drospirenoneIndividual impurities:  See Impurity Table 1. (C24H30O3) and NLT 90.0% and NMT 110.0% of the labeled

amount of ethinyl estradiol (C 20H24O2).
Impurity Table 1

IDENTIFICATION
Relative Relative Acceptance • The retention times of the drospirenone and ethinyl estradiol

Retention Response Criteria, peaks of the Sample solutions correspond to those of the Stan-
Name Time Factor NMT (%) dard solution, as obtained in the Assay.

Oxytetracycline 0.3 1.0 0.5
ASSAY4-Epidoxycyclinea 0.4 1.0 1.0
• PROCEDUREMethacycline 0.6 1.0 2.0

Solution A:  Dissolve 132 g of dibasic ammonium phosphate6-Epidoxycycline
in 0.8 L of water, adjust to a pH of 6.8 with phosphoric acid,(doxycycline
and dilute to 1 L.related compound

Solution B:  Solution A and water (1:24)A)b 0.7 0.86 2.0
Mobile phase:  Acetonitrile and Solution B (1:1). Adjust to a

Doxycycline 1.0 — — pH of 6.8 with phosphoric acid.
a (4R,4aR,5S,5aR,6R,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a- Standard solution:  120 µg/mL of USP Drospirenone RS and
octahydro-3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacene- 1.2 µg/mL of USP Ethinyl Estradiol RS in Mobile Phase
carboxamide monohydrate. Drospirenone sample solution:  Transfer an appropriate num-

b (4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a- ber of Tablets, equivalent to 30 mg of drospirenone, to a 250-
octahydro-3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacene- mL volumetric flask, add 230 mL of Mobile phase, and soni-
carboxamide monohydrate. cate with intermittent shaking for NL T 10 min, or until the

Tablets are completely dispersed. Equilibrate to room tempera-SPECIFIC TESTS
ture, dilute with Mobile phase to volume, and centrifuge the
sample until a clear supernatant is obtained. Use the

Delete the following: supernatant.
Ethinyl estradiol sample solution:  Transfer an appropriate
number of Tablets, equivalent to 0.3 mg of ethinyl estradiol,

■• WATER DETERMINATION, Method Ia 〈921〉:  NMT 5.0%■2S (USP34) to a 250-mL volumetric flask, add 230 mL of Mobile phase,
and sonicate with intermittent shaking for NL T 10 min, orADDITIONAL REQUIREMENTS until the Tablets are completely dispersed. Equilibrate to room• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con- temperature, dilute with Mobile phase to volume, and centri-tainers. Store at controlled room temperature. fuge the sample until a clear supernatant is obtained. Use the• USP REFERENCE STANDARDS 〈11〉 supernatant.USP Doxycycline Hyclate RS Chromatographic systemUSP Doxycycline Related Compound A RS (See Chromatography 〈621〉, System Suitability.)USP Methacycline Hydrochloride RS Mode:  LCUSP Oxytetracycline Hydrochloride RS Detector 1:  UV 270 nm for drospirenone
Detector 2:  Fluorescence, excitation wavelength at 285 nm,
emission wavelength at 315 nm for ethinyl estradiol. [ NOTE—
Detector 1 and Detector 2 are connected in series.]BRIEFING

Column:  4.0-mm × 12.5-cm; 3-µm packing L1
Flow rate:  1.2 mL/min
Injection size:  20 µLDrospirenone and Ethinyl Estradiol Tablets.  Because there

System suitabilityis no existing USP monograph for this drug product, a new
Sample:   Standard solutionmonograph is proposed. The liquid chromatographic procedure
Suitability requirementsfor the Assay was validated with the ProntoSil 120-3-C18 AQ

Tailing factor:  Between 0.8 and 1.8 for both drospirenonebrand of L1 column, in which ethinyl estradiol elutes at about
and ethinyl estradiol3.7 min and drospirenone elutes at about 5.1 min. The liquid

Relative standard deviation:  NMT 2.0% for both drospi-chromatographic procedure in the test for Organic Impurities was
renone and ethinyl estradiol
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Analysis rU = peak response from the Sample solution
Samples:  Standard solution and Drospirenone sample solution rS = peak response from the Standard solution
Calculate the percentage of C 24H30O3 in the portion of T ab- CS = concentration of the Standard solution (mg/mL)
lets taken: L = Tablet label claim (mg)

V = volume of Medium, 900 mL
Result = (r U/rS) × (CS/CU) × 100 Tolerances:  NLT 85% (Q) of the labeled amount of drospire-

none and NLT 75% (Q) of the labeled amount of ethinyl es-
rU = peak response from the Drospirenone sample so- tradiol is dissolved.

lution • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
rS = peak response from the Standard solution
CS = concentration of USP Drospirenone RS in the IMPURITIES

Standard solution (mg/mL) Organic Impurities
CU = concentration of the Drospirenone sample solution • PROCEDURE

(mg/mL) Solution A:  Acetonitrile, methanol, and water (26:19:55)
Samples:  Standard solution and Ethinyl estradiol sample Solution B:  Acetonitrile, methanol, and water (76:19:5)
solution Mobile phase:  See the gradient table below.
Calculate the percentage of C 20H24O2 in the portion of T ab-
lets taken:

Time Flow Solution A Solution B
(min)  (mL/min) (%)  (%)Result = (r U/rS) × (CS/CU) × 100

0 0.5 90 10
rU = peak response from the Ethinyl estradiol sample 40 0.5 90 10

solution 53 0.5 0 100
rS = peak response from the Standard solution 59 1.0 0 100CS = concentration of USP Ethinyl Estradiol RS in the

60 0.5 90 10Standard solution  (mg/mL)
70 0.5 90 10CU = concentration of the Ethinyl estradiol sample solu-

tion (mg/mL)
Acceptance criteria:  90.0%–110.0% of ethinyl estradiol; Standard solution:  45.0 µg/mL of USP Drospirenone RS,95.0%–105.0% of drospirenone 0.90 µg/mL of USP Ethinyl Estradiol RS, and 0.90 µg/mL of

USP Ethinyl Estradiol Related Compound B RS in Solution APERFORMANCE TESTS
Sensitivity solution:  4.5 µg/mL of USP Drospirenone RS,• DISSOLUTION 〈711〉
0.09 µg/mL of USP Ethinyl Estradiol RS, and 0.09 µg/mL ofMedium:  Water; 900 mL
USP Ethinyl Estradiol Related Compound B RS in Solution A,Apparatus 2:  50 rpm
prepared from the Standard solutionTime:  30 min

Resolution stock solution:  0.54 mg/mL of USP Drospire-Standard solution:  L/900 mg/mL of USP Drospirenone RS
none RS in Solution Aand of USP Ethinyl Estradiol RS in Medium, where L is the

Resolution solution:  Transfer 1.0 mL of Resolution stock solu-Tablet label claim of each compound. A volume of methanol
tion into a 10-mL volumetric flask, add 1.0 mL of 0.1 N HCl,not exceeding 2% of the final total volume of solution may be
and heat for 30 min in a 40 ° water bath. Immediately add 1used to aid in dissolving these compounds.
mL of 0.1 N NaOH and allow to reach room temperature.Sample solution:  Pass a portion of the solution under test
Dilute with Solution A to volume to obtain a solution contain-through a suitable cellulose filter of 0.45- µm pore size, dis-
ing drospirenone and 17-epidrospirenone. [ NOTE—NaOHcarding the first few mL.
must be added immediately after heating for the reaction toMobile phase:  Acetonitrile and water (13:25)
proceed properly. The drospirenone to 17-epidrospirenoneChromatographic system
ratio must be between 3:1 and 5:1.]Mode:  LC

Ethinyl estradiol sample solution:  Transfer a number ofDetector:  UV 270 nm (for drospirenone), in series with a
Tablets, equivalent to 0.45 mg based on the label claim, offluorescence detector (for ethinyl estradiol), with excitation at
ethinyl estradiol to a 10-mL glass-stoppered test tube and210 nm and detection at 315 nm, or with excitation at 281
add 5.0 mL of Solution A. Shake vigorously, sonicate for NL Tnm and detection at 305 nm
5 min, and place in an ice bath for NL T 10 min. CentrifugeColumn:  4.6-mm × 6-cm; 3-µm packing L1
the sample until a clear supernatant is obtained. Filter theColumn temperature:  22°
supernatant and use the filtrate.Flow rate:  1 mL/min

Drospirenone sample solution:  Transfer a number of T ab-Injection size:  100 µL
lets, equivalent to 45 mg based on the label claim, of drospi-System suitability
renone to a 10-mL glass-stoppered test tube and add 5.0 mLSample:  Standard solution
of Solution A. Shake vigorously, sonicate for NL T 5 min, andSuitability requirements
place in an ice bath for NL T 10 min. Centrifuge the sampleColumn efficiency:  NLT 2000 for both drospirenone and
until a clear supernatant is obtained. Filter the supernatantethinyl estradiol
and use the filtrate.Tailing factor:  Between 0.8 and 1.5 for both drospirenone

Chromatographic systemand ethinyl estradiol
(See Chromatography 〈621〉, System Suitability.)Relative standard deviation:  NMT 3% for both drospire-
Mode:  LCnone and ethinyl estradiol
Detector 1:  UV 222 nmSamples:  Standard solution and Sample solution
Detector 2:  Fluorescence, excitation wavelength at 215[NOTE—In Medium, drospirenone is partially converted into
nm, emission wavelength at 315 nm. Monitor the signal atisodrospirenone, which has a relative retention time of ap-
344 nm between 37 and 42 min. [ NOTE—Detector 1 andproximately 1.2 relative to drospirenone. The amount of
Detector 2 are connected in series. Use the response at 344drospirenone dissolved is calculated from the sum of drospi-
nm to quantify ethinyl estradiol related compound B.]renone and isodrospirenone.]

Column:  3.0-mm × 30-cm; 3-µm packing L1, in seriesCalculate the percentage of drospirenone and ethinyl estradiol
with 4.6-mm × 10-cm; chromolith packing L1dissolved:

Result = (r U/rS) × (CS/L) × V × 100
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Column temperature:  40° Total ethinyl estradiol degradation products:  NMT
Flow rate:  See the gradient table. 3.0%
Injection size:  20 µL Total drospirenone degradation products:  NMT 1.0%

System suitability Total degradation products:  NMT 4.0%. [ NOTE—Report
Sample:  Standard solution, Sensitivity solution, and Resolu- only degradation products greater than 0.1%.]
tion solution

Suitability requirements Impurity Table 1
Tailing Factor:  Between 0.8 and 1.5 for both drospire-
none and ethinyl estradiol, Standard solution Relative Relative

Detection LimitResolution:  NLT 2.0 between drospirenone and 17- Retention Response
Name Mode (%)a

epidrospirenone, Resolution solution Time Factor
Relative standard deviation:  NMT 3.0% for both drospi- 6α-Hydroxy Fl (215
renone and ethinyl estradiol, Standard solution ethinyl nm/315 0.25 0.73 0.3

Signal-to-noise ratio:  NLT 10 for drospirenone and estradiolc nm)b

ethinyl estradiol related compound B and NL T 7.0 for 6β-Hydroxy Fl (215
ethinyl estradiol, Sensitivity solution ethinyl nm/315 0.27 0.64 0.3

Analysis estradiold nm)
Samples:  Standard solution and Ethinyl estradiol sample

6-Keto ethinyl UV 222solution 0.41 2.3 1.5
estradiole nmIdentify the ethinyl estradiol degradation products using the

Ethinylrelative retention times given in Impurity Table 1. Calculate Fl (215
estradiolthe percentage of each ethinyl estradiol degradation prod- nm/344 0.88 — 1.0
relateduct and unspecified degradation products in the portion of nm)
compound BfTablets taken:

Ethinyl
UV 222

estradiol-6- 0.95 2.8 0.5Result = (r U/rS) × (CS/CU) × (100/F) nm
eneg

rU = peak response from the Ethinyl estradiol sample Fl (215
Ethinylsolution nm/315 1.0 — —
estradiolrS = peak response for ethinyl estradiol from the nm)

Standard solution Fl (215
Any unspecifiedCS = concentration of USP Ethinyl Estradiol RS in the nm/315
degradation — 1.0 0.3Standard solution (µg/mL) nm) and
productCU = concentration of the Ethinyl estradiol sample so- UV 222h

lution (µg/mL)
a Report only values greater than 0.1%.F = relative response factor for each degradation
b Fl = fluorescence.product (see Impurity Table 1)
c 19-Nor-6α,17α-pregna-1,3,5(10)-trien-20-yne-3,6,17-triol.Samples:  Standard solution and Ethinyl estradiol sample
d 19-Nor-6β,17α-pregna-1,3,5(10)-trien-20-yne-3,6,17-triol.solution
e 19-Nor-17α-pregna-1,3,5(10)-trien-20-yne-3,17-diol-6-one.Calculate the percentage of ethinyl estradiol related com-
f ∆9,11-Ethinyl estradiol. 19-Nor-17α-pregna-1,3,5(10),9(11)-tetraen-20-pound B in the portion of T ablets taken:
yne-3,17-diol.

g ∆6-Ethinyl estradiol. 19-Nor-17α-pregna-1,3,5(10),6-tetraen-20-yne-3,17-diol.Result = (r U/rS) × (CS/CU) × 100
h Determine unknown impurities using both modes of detection. Report the
values from the detection mode that yield higher impurity levels.rU = peak response from the Ethinyl estradiol sample

solution
rS = peak response for ethinyl estradiol related com-

pound B from the Standard solution
Impurity Table 2CS = concentration of USP Ethinyl Estradiol Related

Compound B RS in the Standard solution Detection Relative Relative
Limit(µg/mL) Mode Retention Response

Name (%)aCU = concentration of the Ethinyl estradiol sample so- (λ nm) Time Factor
lution (µg/mL) Drospirenone UV 222 0.75 — —Samples:  Standard solution and Drospirenone sample

17-Epidrospire-solution UV 222 0.83 1.0 0.3
noneb

Identify the drospirenone degradation products using the
Any unspecifiedrelative retention times given in Impurity Table 2. Calculate
degradation UV 222 — 1.0 0.5the percentage of each drospirenone degradation product
productin the portion of T ablets taken:

Ethinyl
— 1.0 — —Result = (r U/rS) × (CS/CU) × 100/F estradiol

a Report only values greater than 0.1%.
rU = peak response from the Drospirenone sample so- b 17-Hydroxy-6β,7β:15β,16β-dimethylene-3-oxo-17β-pregn-4-ene-21-carboxylic

lution acid, γ-lactone.
rS = peak response for drospirenone from the Stan-

dard solution
CS = concentration of USP Drospirenone RS in the

ADDITIONAL REQUIREMENTSStandard solution (µg/mL) • PACKAGING AND STORAGE:  Preserve in well-closed containers.CU = concentration of the Drospirenone sample solu- • USP REFERENCE STANDARDS 〈11〉tion (µg/mL)
USP Drospirenone RSF = relative response factor for each degradation
USP Ethinyl Estradiol RSproduct (see Impurity Table 2)
USP Ethinyl Estradiol Related Compound B RSAcceptance criteria
19-Nor-17α-pregna-1,3,5(10),9(11)-tetraen-20-yne-3,17-diolIndividual degradation products:  See Impurity Table 1 for
(C20H22O2 294.39)■2S (USP34)ethinyl estradiol and Impurity Table 2 for drospirenone.
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BRIEFING CU = nominal concentration of the Sample solution
(mg/mL)

Mr1 = molecular weight of citalopram, 324.39
Mr2 = molecular weight of citalopram hydrobromide,Escitalopram Tablets.  Because there is no existing USP mono-

405.30graph for this drug product, a new monograph is proposed
Acceptance criteria:  90.0–110.0%based on validated methods. The liquid chromatographic proce-

dures in the Assay and in the test for Organic Impurities, are PERFORMANCE TESTSbased on analyses per formed using a Phenomenex Luna C18 • DISSOLUTION 〈711〉brand of L1 column. The typical retention time for escitalopram Medium:  0.1 N hydrochloric acid; 900 mLis about 12 min. Apparatus 2:  50 rpm
Time:  30 min
Standard solution 1:  3 µg/mL of USP Citalopram

(MD-PP: R. Ravichandran. BPC: M. Marques.) RTS—C72912 Hydrobromide RS in Medium
Standard solution 2:  15 µg/mL of USP Citalopram
Hydrobromide RS in Medium

Standard solution 3:  30 µg/mL of USP Citalopram
Hydrobromide RS in Medium

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

Spectrometric conditions
(See Spectrophotometry and Light-Scattering 〈851〉.)■Escitalopram Tablets
Mode:  UV-Vis
Analytical wavelength:  239 nmDEFINITION Path length:  0.5 cmEscitalopram Tablets contain an amount of escitalopram oxalate Blank:  Mediumequivalent to NLT 90.0% and NMT 110.0% of C 20H21FN2O. System suitability
Samples:  Standard solution 1, Standard solution 2, and Stan-IDENTIFICATION
dard solution 3• The retention time of the major peak of the Sample solution

Suitability requirementscorresponds to that of the Standard solution, as obtained in
Correlation coefficient:  NLT 0.995, determined usingthe Assay.
Standard solution 1, Standard solution 2, and Standard solu-
tion 3, 3 replicates of each solutionASSAY

Relative standard deviation:  NMT 2.0%, determined us-• PROCEDURE
ing Standard solution 3, 6 replicatesBuffer:  1.5 g of anhydrous sodium acetate and 0.4 mL of

Analysisglacial acetic acid in 1 L of water. Adjust with 1 M sodium
Samples:  Standard solution 1, Standard solution 2, Standardhydroxide to a pH of 5.2.
solution 3, and Sample solutionMobile phase:  Methanol, acetonitrile, and Buffer (33:7:60)
Generate a calibration cur ve using the data from StandardSystem suitability solution:  6.2 µg/mL of USP Citalopram
solution 1, Standard solution 2, and Standard solution 3. De-Hydrobromide RS (equivalent to 5 µg/mL of citalopram) and 1
termine the concentration, C U, in mg/mL, of citalopramµg/mL of USP Citalopram Related Compound C RS in Mobile
hydrobromide in the Sample solution using the calibrationphase
curve. Calculate the per centage of citalopram dissolved:Standard solution:  0.62 mg/mL of USP Citalopram

Hydrobromide RS in Mobile phase (equivalent to 0.5 mg/mL of
Result = (C U/L) × (Mr1/Mr2) × V × 100citalopram)

Sample solution:  Transfer 10 Tablets to a suitable volumetric
CU = concentration of citalopram hydrobromide in theflask, add Buffer to 10% of the final volume, shake vigorously

Sample solution as defined above (mg/mL)for 10 min; add methanol to 50% of the final volume, shake
L = Tablet label claim (mg)for 1 additional min, sonicate for 10 min, and dilute with
Mr1 = molecular weight of citalopram, 324.39Mobile phase to volume to obtain a solution having a concen-
Mr2 = molecular weight of citalopram hydrobromide,tration of about 0.5 mg/mL of escitalopram.

405.30Chromatographic system
V = volume of Medium, 900 mL(See Chromatography 〈621〉, System Suitability.)

Tolerances:  NLT 80% (Q) of the labeled amount of es-Mode:  LC
citalopram is dissolved.Detector:  UV 239 nm

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirementsColumn:  4.6-mm × 10-cm; 3-µm packing L1
Column temperature:  45° IMPURITIESFlow rate:  1 mL/min Organic ImpuritiesInjection size:  10 µL Buffer, Mobile phase, System suitability solution, StandardSystem suitability solution, Sample solution, and Chromatographic system:Samples:  System suitability solution and Standard solution Proceed as directed in the Assay.Suitability requirements System suitabilityResolution:  NLT 3.0 between citalopram and citalopram Samples:  System suitability solution and Standard solutionrelated compound C, System suitability solution Suitability requirementsRelative standard deviation:  NMT 2.0%, Standard Resolution:  NLT 3.0 between citalopram and citalopramsolution related compound C, System suitability solutionAnalysis Relative standard deviation:  NMT 2.0%, StandardSamples:  Standard solution and Sample solution solutionCalculate the percentage of C 20H21FN2O in the portion of AnalysisTablets taken: Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion ofResult = (r U/rS) × (CS/CU) × (Mr1/Mr2) × 100
Tablets taken:

rU = peak response from the Sample solution
Result = (r U/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100rS = peak response from the Standard solution

CS = concentration of the Standard solution (mg/mL)
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rU = peak response of each impurity from the Sample Add the following:
solution

rS = peak response of citalopram from the Standard
solution ■Etomidate

CS = concentration of USP Citalopram Hydrobromide
RS in the Standard solution

CU = nominal concentration of the Sample solution
F = relative response factor (see Impurity Table 1)
Mr1 = molecular weight of citalopram, 324.39
Mr2 = molecular weight of citalopram hydrobromide,

405.30
Acceptance criteria

C14H16N2O2 244.29Individual impurities:  See Impurity Table 1.
1H-Imidazole-5-carboxylic acid, 1-(1-phenylethyl)-, ethyl ester,Total impurities:  NMT 2.0%

(+)-; 
(+)-Ethyl 1-(α-methylbenzyl)imidazole-5-carboxylate [33125-97-2].

Impurity Table 1
DEFINITION

Relative Relative Acceptance Etomidate contains NLT 98.0% and NMT 102.0% of C 14H16N2O2,Name  Retention Response  Criteria, calculated on the dried basis.
Time Factor  NMT (%)

Citalopram related IDENTIFICATION0.33 0.84 0.3
compound Aa • A. INFRARED ABSORPTION 〈197K〉

• B.  The retention time of the major peak of the Sample solu-Citalopram related
0.56 0.78 0.5 tion corresponds to that of the Standard solution, as obtainedcompound Bb

in the Assay.Citalopram related
compound Cc 0.80 0.51 0.5 ASSAY(3-oxocitalopram) • PROCEDURE

Escitalopram 1.0 — — Buffer:  0.7 g/L of monobasic sodium phosphate in water
Citalopram related Mobile phase:  Acetonitrile and Buffer (2:3)
compound Ed 1.4 0.94 0.2 Standard solution:  0.16 mg/mL of USP Etomidate RS in
(citalopram N-oxide) acetonitrile

Any other individual, Sample solution:  0.16 mg/mL of Etomidate in acetonitrile— 1.0 0.1
unspecified impurity Chromatographic system

(See Chromatography 〈621〉, System Suitability.)a 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-
Mode:  LCcarboxamide.
Detector:  UV 254 nmb 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-
Column:  3.9-mm × 30-cm; packing L1dihydroisobenzofuran-5-carbonitrile; 3-hydroxycitalopram.
Flow rate:  2.3 mL/minc 3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofura-
Injection size:  20 µLnone.

System suitabilityd 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-
Sample:  Standard solutioncarbonitrile-N-oxide.
Suitability requirements

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%ADDITIONAL REQUIREMENTS

Analysis• PACKAGING AND STORAGE:  Preserve in well-closed containers.
Samples:  Standard solution and Sample solutionStore at controlled room temperature.
Calculate the percentage of C 14H16N2O2 in the portion of• USP REFERENCE STANDARDS 〈11〉
Etomidate taken:USP Citalopram Hydrobromide RS

USP Citalopram Related Compound C RS Result = (r U/rS) × (CS/CU) × 100[3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cy-
ano-1(3H)-isobenzofuranone] rU = peak response from the Sample solution

(C20H19FN2O2 338.22)■2S (USP34) rS = peak response from the Standard solution
CS = concentration of USP Etomidate RS in the Stan-

dard solution (mg/mL)
CU = concentration of Etomidate in the Sample solu-BRIEFING

tion (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

Etomidate.  Because there is no existing USP monograph for IMPURITIES
this drug substance, a new monograph is proposed based on Inorganic Impurities
validated methods of analysis. The liquid chromatographic pro- • RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
cedure in the Assay is based on analyses per formed with a W a- • HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
ters Micro Bondapak C18 brand of L1 column. The typical reten- Organic Impurities
tion time for etomidate is about 8 min. The liquid • PROCEDURE
chromatographic procedure in the test for Organic Impurities is Solution A:  Dissolve 6 g of sodium citrate dihydrate and 4 g
based on analyses per formed with a W aters Micro Bondapak of anhydrous citric acid in 1 L of water.
C18 brand of L1 column. The typical retention time for etomi-
date is about 15 min.

(MD-PP: R. Ravichandran, F. Mao.) RTS—C73612
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Solution B:  Acetonitrile Impurity Table 1 (Continued)
Mobile phase:  See the gradient table below.

Relative Acceptance
Name Retention Criteria,

Time Solution A Solution B Time NMT (%)
(min) (%) (%) Etomidate 1.0 —

0 95 5 Any unspecified
—  0.120 30 70 impurity

21 95 5 a 1-(1-Phenylethyl)-1H-imidazole-5-carboxylic acid.
b Methyl 1-(1-phenylethyl)-1H-imidazole-5-carboxylate.30 95 5
 

Diluent:  Weigh 6 g of sodium citrate dihydrate and 4 g of
anhydrous citric acid into a 1000-mL volumetric flask. Add SPECIFIC TESTS500 mL of water and shake to dissolve. Add 110 mL of • LOSS ON DRYING, Method Ic 〈731〉:  Dry 1 g of sample overacetonitrile and 50 mL of methanol, and dilute with water to phosphorus pentoxide for 16 h: it loses NMT 0.5% of itsvolume. weight.Standard solution:  4 µg/mL of USP Metomidate Hydrochlo- • SPECIFIC ROTATION 〈781S〉:  67.0° to 70.0 ° (t = 20 °), calculatedride RS in Diluent on the dried basisSensitivity solution:  0.8 µg/mL of USP Metomidate Hydro- Sample solution:  10 mg/mL in dehydrated alcoholchloride RS in Diluent, from the Standard solution
Resolution solution:  0.02 mg/mL of USP Etomidate RS and ADDITIONAL REQUIREMENTS
0.02 mg/mL of USP Metomidate Hydrochloride RS in Diluent • PACKAGING AND STORAGE:  Preserve in well closed, light-resis-

Sample solution:  0.8 mg/mL of Etomidate in Diluent tant containers, and store at room temperature.
Chromatographic system • USP REFERENCE STANDARDS 〈11〉
(See Chromatography 〈621〉, System Suitability.) USP Etomidate RS
Mode:  LC USP Metomidate Hydrochloride RS
Detector:  UV 254 nm [Methyl 1-(1-phenylethyl)-1H-imidazole-5-carboxylate
Column:  3.9-mm × 30-cm; packing L1 Hydrochloride]
Flow rate:  2.0 mL/min (C13H14N2O2 · HCl 266.72)■2S (USP34)
Injection size:  50 µL

System suitability
Samples:  Standard solution, Sensitivity solution, and Resolu-

BRIEFINGtion solution
Suitability requirements
Resolution:  NLT 2.0 between etomidate and metomi-
date, Resolution solution Etomidate Injection.  Because there is no existing USP mono-

Signal-to-noise ratio:  NLT 10, Sensitivity solution graph for this drug product, a new monograph based on the
Relative standard deviation:  NMT 3.0%, Standard validated methods of analysis is being proposed.
solution 1.  The liquid chromatography procedure in the Assay and in

Analysis the test for Total Propylene Glycol Ester was based on analy-
Samples:  Standard solution and Sample solution ses performed with a W aters MicroBondapak C18 brand of
Calculate the percentage of each impurity in the portion of L1 column. The typical retention time for etomidate is
Etomidate taken: about 8 min.

2.  The liquid chromatography procedure in the test for Re-
Result = (r U/rS) × (CS/CU) × (Mr1/Mr2) × 100 lated Compounds was based on analyses per formed with a

Waters MicroBondapak C18 brand of L1 column. The typi-
rU = peak response of each individual impurity from cal retention time for etomidate is about 15 min.

the Sample solution
rS = peak response of metomidate from the Standard

solution
(MD-PP: R. Ravichandran, F. Mao. MSA: R. T irumalai.) RTS—CS = concentration of metomidate hydrochloride in
C72748the Standard solution (mg/mL)

CU = concentration of Etomidate in the Sample solu-
tion (mg/mL)

Mr1 = molecular weight of metomidate free base,
230.26

Mr2 = molecular weight of metomidate hydrochloride, Add the following:
266.72

Acceptance criteria
Individual impurities:  See Impurity Table 1. [NOTE—Disre- ■Etomidate Injection
gard any impurity peaks less than 0.05%.]

Total impurities:  NMT 1.0% DEFINITION
Etomidate Injection is a sterile, nonpyrogenic solution. It contains

Impurity Table 1 NLT 90.0% and NMT 110.0% of the labeled amount of etomi-
date (C14H16N2O2). It may contain suitable buffers and

Relative Acceptance preservatives.
Name Retention Criteria,

Time NMT (%) IDENTIFICATION
Etomidate acida 0.34 0.1 • A. ULTRAVIOLET ABSORPTION 〈197U〉

Sample solution:  10 µg/mL of etomidate in isopropyl alcoholMetomidateb 0.90 0.1
Medium:  Isopropyl alcohol

a 1-(1-Phenylethyl)-1H-imidazole-5-carboxylic acid. • B.  The retention time of the major peak of the Sample solu-
b Methyl 1-(1-phenylethyl)-1H-imidazole-5-carboxylate. tion corresponds to that of the Standard solution, as obtained
 in the Assay.
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ASSAY Mode:  LC
• PROCEDURE Detector:  UV 254 nm

Buffer:  0.7 g/L of monobasic sodium phosphate in water Column:  3.9-mm × 30-cm; packing L1
Mobile phase:  Acetonitrile and Buffer (2:3) Flow rate:  2.0 mL/min
Standard solution:  0.16 mg/mL of USP Etomidate RS in Injection size:  50 µL
acetonitrile System suitability

Sample solution:  0.16 mg/mL of etomidate, from the Injec- Samples:  Standard solution, Sensitivity solution, and System
tion, in acetonitrile suitability solution

Chromatographic system Suitability requirements
(See Chromatography 〈621〉, System Suitability.) Resolution:  NLT 2.0 between etomidate and metomi-
Mode:  LC date, System suitability solution
Detector:  UV 254 nm Signal-to-noise ratio:  NLT 10, Sensitivity solution
Column:  3.9-mm × 30-cm; packing L1 Relative standard deviation:  NMT 3.0%, Standard
Flow rate:  2.3 mL/min solution
Injection size:  20 µL Analysis

System suitability Samples:  Standard solution and Sample solution
Sample:  Standard solution Calculate the percentage of each impurity in the portion of
Suitability requirements Injection taken:

Tailing factor:  NMT 2.0
Result = (r U/rS) × (CS/CU) × (Mr1/Mr2) × 100Relative standard deviation:  NMT 2.0%

Analysis
rU = peak response of each individual impurity fromSamples:  Standard solution and Sample solution

the Sample solutionCalculate the percentage of C 14H16N2O2 in the portion of In-
rS = peak response of metomidate from the Standardjection taken:

solution
CS = concentration of USP Metomidate HydrochlorideResult = (r U/rS) × (CS/CU) × 100

RS in the Standard solution (mg/mL)
rU = peak response from the Sample solution CU = nominal concentration of etomidate in the Sam-
rS = peak response from the Standard solution ple solution (mg/mL)
CS = concentration of USP Etomidate RS in the Stan- Mr1 = molecular weight of metomidate free base

dard solution (mg/mL) C13H14N2O2, 230.26
CU = nominal concentration of etomidate in the Sam- Mr2 = molecular weight of metomidate hydrochloride

ple solution (mg/mL) C13H14N2O2 · HCl, 266.72
Acceptance criteria:  90.0%–110.0% Acceptance criteria

Individual impurities:  See Impurity Table 1. [NOTE—Disre-
IMPURITIES gard any impurity peaks less than 0.05%.]
Organic Impurities Total impurities:  NMT 1.6%
• PROCEDURE 1: RELATED COMPOUNDS

Solution A:  Dissolve 6 g of sodium citrate dihydrate and 4 g
Impurity Table 1of anhydrous citric acid in 1 L of water.

Solution B:  Acetonitrile Relative Acceptance
Mobile phase:  See the gradient table below. Name Retention Criteria,

Time NMT (%)
Etomidate acidaTime Solution A Solution B 0.34 1.4

(min) (%) (%) Metomidateb 0.90  0.1
0 95 5 Etomidate 1.0 —20 30 70

Any unspecified Impurity —  0.121 95 5
a 1-(1-Phenylethyl)-1H-imidazole-5-carboxylic acid.30 95 5
b Methyl 1-(1-phenylethyl)-1H-imidazole-5-carboxylate.
 

Diluent:  Weigh 6 g of sodium citrate dihydrate and 4 g of
anhydrous citric acid into a 1000-mL volumetric flask. Add • PROCEDURE 2: TOTAL PROPYLENE GLYCOL ESTER:  [NOTE—Perform500 mL of water and shake to dissolve. Add 110 mL of

this test if propylene glycol is used in the formulation.]acetonitrile and 50 mL of methanol and dilute with water to
Mobile phase and Chromatographic system:  Proceed asvolume.
directed in the Assay.Standard stock solution:  0.1 mg/mL of USP Metomidate

Standard solution:  25 µg/mL of USP Etomidate RS inHydrochloride RS in methanol
acetonitrileStandard solution:  4 µg/mL of USP Metomidate Hydrochlo-

Sensitivity solution:  1.6 µg/mL of USP Etomidate RS inride RS in Diluent, from the Standard stock solution
acetonitrileSensitivity solution:  0.8 µg/mL of USP Metomidate Hydro-

Sample solution:  1.6 mg/mL of etomidate, from the Injec-chloride RS in Diluent, from the Standard solution
tion, in acetonitrileSystem suitability solution:  0.02 mg/mL of USP Etomidate

System suitabilityRS and 0.02 mg/mL of USP Metomidate Hydrochloride RS in
Samples:  Standard solution and Sensitivity solutionDiluent
Suitability requirementsSample solution:  0.8 mg/mL of etomidate, from the Injec-
Tailing factor:  NMT 2.0, Standard solutiontion, in Diluent
Signal-to-noise ratio:  NLT 10, Sensitivity solutionChromatographic system
Relative standard deviation:  NMT 3.0%, Standard(See Chromatography 〈621〉, System Suitability.)
solution
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Analysis specified impurity. It is proposed to delete this impurity from
Samples:  Standard solution and Sample solution Impurity Table 1 and to control it as “any other individual
Calculate the percentage of each impurity in the portion of impurity”.
Injection taken:

Result = (r U/rS) × (CS/CU) × (1/F) × 100 (MD-GRE: E. Gonikberg.) RTS—C89676
rU = peak response of each individual impurity from

the Sample solution
rS = peak response of etomidate from the Standard Fluvastatin Sodiumsolution
CS = concentration of USP Etomidate RS in the Stan-

dard solution (mg/mL)
CU = nominal concentration of etomidate in the Sam-

ple solution (mg/mL)
F = relative response factor for each individual im-

purity (see Impurity Table 2)
Acceptance criteria

Individual impurities:  See Impurity Table 2. [NOTE—Disre-
gard any impurity peaks less than 0.05%.]  

Total impurities:  NMT 4.0%. [ NOTE—Total impurities in-
clude all impurities from Impurity Table 1 and Impurity Ta- C24H25FNNaO4 433.45
ble 2.] 6-Heptenoic acid, 7-[3-(4-fluorophenyl)-1-(1-methylethyl)-1H-in-

dol-2-yl]-3,5-dihydroxy-, monosodium salt, [ R*,S*-(E)]-(±)-;
Sodium (±)-(3R*,5S*,6E)-7-[3-(p-fluorophenyl)-1-isopropylindol-2-Impurity Table 2

yl]-3,5-dihydroxy-6-heptenoate [93957-55-2].
Relative Relative Acceptance

Name Retention Response Criteria, DEFINITION
Time Factor NMT (%) Fluvastatin Sodium contains NL T 98.0% and NMT 102.0% of

C24H25FNNaO4, calculated on the anhydrous basis.Total propylene glycol
estera 0.40 20.9 2.8

IDENTIFICATION
Etomidate 1.0 1.0 — • A. INFRARED ABSORPTION 〈197K〉
Any unspecified Impurity [NOTE—If a difference appears in the IR spectra of the analyte and— 1.0 0.1

the standard, dissolve equal portions of the sample specimena 2-Hydroxypropyl ester and 2-hydroxy-1-methylethyl ester.
and the USP reference standard in equal volumes of methanol. 
Evaporate the solutions to dr yness on a steam bath, protecting
the solutions from light, and dr y at 105 ° for 30 min. Repeat the
test on the residues.]

SPECIFIC TESTS
• BACTERIAL ENDOTOXINS 〈85〉:  It contains NMT 8.35 USP Endo-

Change to read:toxin Units/mg of etomidate.
• STERILITY 〈71〉:  It meets the requirements when tested as di-

rected for Test for Sterility of the Product to be Examined, Mem-
• B. IDENTIFICATION TESTS—GENERAL, Sodium 〈191〉:  Meets thebrane Filtration.

requirements for the flame■pyroantimonate precipita-• PH 〈791〉:  Between 4.0 and 7.0
tion■2S (USP34) test• PARTICULATE MATTER 〈788〉:  It meets the requirements for

Sample solution:  0.2 g/mLsmall-volume injections.
■

■2S (USP34)• OTHER REQUIREMENTS:  It meets the requirements under Injec-
tions 〈1〉. ASSAY

• PROCEDUREADDITIONAL REQUIREMENTS
Solution A:  Add 20 mL of 25% aqueous tetramethylammo-• PACKAGING AND STORAGE:  Preserve in single-dose containers.
nium hydroxide solution to 880 mL of water. Adjust withStore at controlled room temperature.
about 2.3 mL of phosphoric acid to a pH of 7.2 ± 0.2. Add• USP REFERENCE STANDARDS 〈11〉
100 mL of a mixture of methanol and acetonitrile (3:2).USP Endotoxin RS

Solution B:  Add 20 mL of 25% aqueous tetramethylammo-USP Etomidate RS
nium hydroxide solution and 80 mL of water to 900 mL of aUSP Metomidate Hydrochloride RS
mixture of methanol and acetonitrile (3:2). Adjust with about[methyl 1-(1-phenylethyl)-1H-imidazole-5-carboxylate
2.3 mL of phosphoric acid to a pH of 7.2 ± 0.2.hydrochloride]

Mobile phase:  See the gradient table.(C13H14N2O2 ·  HCl 266.72)]■2S (USP34)

Time Solution A Solution B
(min) (%) (%)

BRIEFING
0 60 40
6 60 40

20 18 82Fluvastatin Sodium,  USP 32 page 2438. Comments were re-
20.1 60 40ceived that the concentration of Fluvastatin Sodium in the Sam-
25.1 60 40ple solution in Identification test B is too high and is outside of

the solubility range for the analyte. It is proposed to revise Iden-
System suitability solution:  0.5 mg/mL of fluvastatin sodiumtification test B to replace the use of the flame test with the
from USP Fluvastatin for System Suitability RS, dissolved first inpyroantimonate precipitation test, as specified under Identifica-
Solution B, using 40% of the final volume, then diluted withtion Tests–General 〈191〉.
Solution A to volumeComments were also received that fluvastatin lactone is a pro-

cess-specific impurity and therefore it should not be listed as a
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Standard solution:  0.5 mg/mL of USP Fluvastatin Sodium RS, Suitability requirements
dissolved first in Solution B, using 40% of the final volume, Resolution:  NLT 1.6 between fluvastatin anti-isomer and
then diluted with Solution A to volume fluvastatin, System suitability solution B

Sample solution:  0.5 mg/mL of Fluvastatin Sodium, dissolved Column efficiency:  NLT 700 theoretical plates for the
first in Solution B, using 40% of the final volume, then diluted fluvastatin peak, System suitability solution B
with Solution A to volume Tailing factor:  NMT 3.0 for the fluvastatin peak, System

Chromatographic system suitability solution B
(See Chromatography 〈621〉, System Suitability.) Relative standard deviation:  NMT 1.0% at 305 nm,
Mode:  LC Standard solution
Detector:  UV 305 nm Analysis
Column:  4.6-mm × 5-cm; 5-µm packing L1 Samples:  Standard solution and Sample solution
Column temperature:  35° Record the chromatograms at 305 and 365 nm, identify the
Flow rate:  3 mL/min impurities listed in Impurity Table 1, and measure the peak
Injection size:  20 µL responses. [NOTE—3-Hydroxy-5-keto fluvastatin is moni-

[NOTE—Adjust the start time of the gradient step and the tored using a wavelength of 365 nm, and all other com-
equilibration time for each instrument.] pounds are monitored at 305 nm.]

System suitability Calculate the percentage of each impurity, except for 3-
Samples:  System suitability solution and Standard solution hydroxy-5-keto fluvastatin, in the portion of Fluvastatin So-

[NOTE—The relative retention times for fluvastatin and fluva- dium taken:
statin anti-isomer are about 1.0 and 1.2, respectively.]

Result = (r U/rS) × (CS/CU) × (1/F) × 100Suitability requirements
Resolution:  NLT 1.6 between fluvastatin anti-isomer and

rU = peak response at 305 nm for each impurityfluvastatin, System suitability solution
from the Sample solutionColumn efficiency:  NLT 700 theoretical plates for the

rS = peak response at 305 nm for the fluvastatinfluvastatin peak, System suitability solution
peak from the Standard solutionTailing factor:  NMT 3.0 for the fluvastatin peak, System

CS = concentration of USP Fluvastatin Sodium RS insuitability solution
the Standard solution (mg/mL)Relative standard deviation:  NMT 1.0%, Standard

CU = concentration of Fluvastatin Sodium in the Sam-solution
ple solution (mg/mL)Analysis

F = relative response factor (see Impurity Table 1)Samples:  Standard solution and Sample solution
Calculate the percentage of 3-hydroxy-5-keto fluvastatin inCalculate the percentage of C 24H25FNNaO4 in the portion of
the portion of Fluvastatin Sodium taken:Fluvastatin Sodium taken:

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

rU = peak response at 365 nm for 3-hydroxy-5-ketorU = peak response from the Sample solution
fluvastatin from the Sample solutionrS = peak response from the Standard solution

rS = peak response at 365 nm for the fluvastatinCS = concentration of USP Fluvastatin Sodium RS in
peak from the Standard solutionthe Standard solution (mg/mL)

CS = concentration of USP Fluvastatin Sodium RS inCU = concentration of Fluvastatin Sodium in the Sam-
the Standard solution (mg/mL)ple solution (mg/mL)

CU = concentration of Fluvastatin Sodium in the Sam-Acceptance criteria:  98.0%–102.0% on the anhydrous basis
ple solution (mg/mL)

IMPURITIES F = relative response factor (see Impurity Table 1)
Inorganic Impurities Acceptance criteria
• HEAVY METALS, Method II 〈231〉:  20 ppm Individual Impurities:  See Impurity Table 1.

Total impurities:  NMT 1.0%

Change to read:
Impurity Table 1

Relative Relative AcceptanceOrganic Impurities Retention Response  Criteria,• PROCEDURE Name Time Factor NMT (%)[NOTE—Protect all solutions from light and use amber autosam-
Fluvastatin N-ethyl 0.7 1.2 0.1pler vials and low-actinic glassware.]
analoga

Solution A, Solution B, Mobile phase, Standard solution,
Fluvastatin anti- 1.2 1.0 0.8and Sample solution:  Proceed as directed in the Assay.
isomerbSystem suitability solution A:  Prepare as directed for the

System suitability solution in the Assay. a [R*,S*-E]-(±)-7-[3-(4-Fluorophenyl)-1-ethyl-1H-indol-2-yl]-3,5-dihydroxy-6-
System suitability solution B:  0.1 mg/mL of USP Fluvastatin heptenoic acid monosodium salt.
Related Compound B RS in a mixture of methanol and b [R*,R*-E]-(±)-7-[3-(4-Fluorophenyl)-1-(methylethyl)-1H-indol-2-yl]-3,5-
acetonitrile (3:2). Transfer about 0.5 mL of this solution to a dihydroxy-6-heptenoic acid monosodium salt.
10-mL volumetric flask, and dilute with System suitability solu- c E-(±)-7-[3-(4-Fluorophenyl)-1-(methylethyl)-1H-indol-2-yl]-3-hydroxy-5-oxo-6-
tion A to volume. [ NOTE—System suitability solution B is stable heptenoic acid monosodium salt.
for up to 6 months if stored in a refrigerator.] d At 365 nm.

Chromatographic system:  Proceed as directed in the Assay,   e (S,E)-6-(2-(3-(4-Fluorophenyl)-1-(1-methylethyl)-1H-indol-2-yl)vinyl)-4-hy-
except to use a liquid chromatograph equipped with either a droxy-5,6-dihydro-2H-pyran-2-one monosodium salt.
programmable variable wavelength detector or two separate ■

■2S (USP34)

detectors capable of monitoring at 305 and 365 nm.  f [E,E]-(±)-7-[3-(4-Fluorophenyl)-1-(methylethyl)-1H-indol-2-yl]-3-hydroxy-4,6-
System suitability heptadienoic acid monosodium salt.

Samples:  Standard solution and System suitability solution B g 3-(4-Fluorophenyl)-1-(methylethyl)-1H-indole-2-carboxaldehyde.
[NOTE—Record the peak responses at 305 nm as directed h [R*,S*-E]-(±)-7-[3-(4-Fluorophenyl)-1-methylethyl-1H-indol-2-yl]-3,5-
for Analysis. Identify the peaks corresponding to fluvasta- dihydroxy-6-heptenoic acid 1,1-dimethylethyl ester.
tin, fluvastatin anti-isomer, and fluvastatin t-butyl ester.]
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Impurity Table 1 (Continued) Ganciclovir
Relative Relative Acceptance

Retention Response  Criteria,
Name Time Factor NMT (%)

3-Hydroxy-5-keto 1.5 27.0d 0.1
fluvastatinc

 Fluvastatin lactonee 1.6 1.0 0.1■
■2S (USP34)

Fluvastatin 2.0 0.92 0.1
C9H13N5O4 255.23hydroxydienef

6H-Purin-6-one, 2-amino-1,9-dihydro-9-[[2-hydroxy-1-(hydroxy-Fluvastatin short- 3.0 1.4 0.1
methyl)ethoxy]methyl]-;chain aldehydeg

9-[[2-Hydroxy-1-(hydroxymethyl)ethoxy]methyl]guanine
Fluvastatin t-butyl 3.4 0.94 0.2 [82410-32-0].
ester (fluvastatin
related compound DEFINITION
B)h

Any other — 1.0 0.1
Change to read:individual

impurity
a [R*,S*-E]-(±)-7-[3-(4-Fluorophenyl)-1-ethyl-1H-indol-2-yl]-3,5-dihydroxy-6- Ganciclovir contains NLT 98.0% and NMT 102.0% of C 9H13N5O4,
heptenoic acid monosodium salt. calculated on the previously dried basis ■anhydrous

b [R*,R*-E]-(±)-7-[3-(4-Fluorophenyl)-1-(methylethyl)-1H-indol-2-yl]-3,5- basis.■2S (USP34)
dihydroxy-6-heptenoic acid monosodium salt.

IDENTIFICATIONc E-(±)-7-[3-(4-Fluorophenyl)-1-(methylethyl)-1H-indol-2-yl]-3-hydroxy-5-oxo-6-
• A. INFRARED ABSORPTION 〈197K〉heptenoic acid monosodium salt.
• B. ULTRAVIOLET ABSORPTION 〈197U〉d At 365 nm.

Sample solution:  10 µg/mL in methanol  e (S,E)-6-(2-(3-(4-Fluorophenyl)-1-(1-methylethyl)-1H-indol-2-yl)vinyl)-4-hy-
droxy-5,6-dihydro-2H-pyran-2-one monosodium salt.

ASSAY■
■2S (USP34)

 f [E,E]-(±)-7-[3-(4-Fluorophenyl)-1-(methylethyl)-1H-indol-2-yl]-3-hydroxy-4,6-
heptadienoic acid monosodium salt. Change to read:

g 3-(4-Fluorophenyl)-1-(methylethyl)-1H-indole-2-carboxaldehyde.
h [R*,S*-E]-(±)-7-[3-(4-Fluorophenyl)-1-methylethyl-1H-indol-2-yl]-3,5-
dihydroxy-6-heptenoic acid 1,1-dimethylethyl ester. • PROCEDURE

Solution A:  Trifluoroacetic acid and water (0.5 in 1000)SPECIFIC TESTS Mobile phase:  Acetonitrile and Solution A (1:1)• PH 〈791〉:  8.0–10.0, in a 10-mg/mL solution. Per form the test System suitability solution:  0.1 mg/mL each of USPimmediately after preparation. Ganciclovir RS and USP Ganciclovir Related Compound A RS• WATER DETERMINATION, Method I 〈921〉:  NMT 4.0%; if labeled in Mobile phase. [NOTE—Sonicate the solution if necessar y.]as a hydrated form, NMT 12.0%. [ NOTE—For this monograph, Standard solution:  0.22 mg/mL of USP Ganciclovir RS previ-the term “hydrated form” refers to several known forms of ously dried under vacuum at 80 ° for 3 h, ■
■2S (USP34) in Mobilefluvastatin sodium that are not stoichiometric hydrates.] phase

Sample solution:  0.22 mg/mL of Ganciclovir previously driedADDITIONAL REQUIREMENTS
under vacuum at 80 ° for 3 h, ■

■2S (USP34) in Mobile phase• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-
Chromatographic systemtainers, protected from moisture. Store at a temperature not
(See Chromatography 〈621〉, System Suitability.)exceeding 40°.
Mode:  LC• LABELING:  Where it is a hydrated form, the label so indicates.
Detector:  UV 254 nm• USP REFERENCE STANDARDS 〈11〉
Column:  4.6 mm × 25 cm; packing L9USP Fluvastatin Sodium RS
Column temperature:  40°USP Fluvastatin Related Compound B RS
Flow rate:  1.5 mL/minUSP Fluvastatin for System Suitability RS. [ NOTE—USP Fluvasta-
Injection size:  20 µLtin for System Suitability RS contains 1%–2% of the fluvasta-

System suitabilitytin sodium anti-isomer.]
Sample:  System suitability solution

[NOTE—The relative retention times for ganciclovir related
compound A and ganciclovir are 0.9 and 1.0, respectively.]

BRIEFING Suitability requirements
Resolution:  NLT 1.4 between ganciclovir and ganciclovir
related compound A

Column efficiency:  NLT 5000 theoretical platesGanciclovir,  USP 32 page 2481. On the basis of supporting
Tailing factor:  NMT 1.4data, in the Assay it is proposed to remove the current dr ying
Relative standard deviation:  NMT 1.0%conditions (under vacuum at 80 ° for 3 h) for Ganciclovir be-

Analysiscause these conditions do not consistently remove all of the
Samples:  Standard solution and Sample solutionwater from the sample. Accordingly, it is proposed to calculate
Calculate the percentage of C 9H13N5O4 in the portion ofthe Assay result on the ”anhydrous basis” rather than on the
Ganciclovir taken:”previously dried basis” to more accurately account for the

water content.
Result = (r U/rS) × (CS/CU) × 100

rU = peak response from the Sample solution
(MD-AA: B. Davani.) RTS—C85429 rS = peak response from the Standard solution

CS = concentration of USP Ganciclovir RS in the Stan-
dard solution (mg/mL)

CU = nominal concentration of Ganciclovir in the Sam-
ple solution (mg/mL)
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Acceptance criteria:  98.0%–102.0% on the previously dried Loxapine Succinate
basis■anhydrous basis■2S (USP34)

IMPURITIES
Change to read:Inorganic Impurities

• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
Organic Impurities C18H18ClN3O · C4H6O4 445.90
• PROCEDURE ■

Solution A, Mobile phase, System suitability solution, Chro-
matographic system, and System suitability:  Proceed as
directed in the Assay.

Sample solution:  0.22 mg/mL of Ganciclovir in Mobile phase
Analysis

Sample:  Sample solution
Calculate the percentage of each impurity in the portion of

■2S (USP34)Ganciclovir taken:
Butanedioic acid, compd. with 2-chloro-11-(4-methyl-1-piper-

azinyl)dibenz[b,f][1,4]oxazepine (1:1);Result = (r U/rT) × 100
2-Chloro-11-(4-methyl-1-piperazinyl)dibenz[b,f][1,4] oxazepine

rU = peak response for each impurity in the Sample succinate (1:1) [27833-64-3].
solution

DEFINITIONrT = sum of the responses of all the peaks
Loxapine Succinate contains NL T 98.5% and NMT 101.0% ofAcceptance criteria:  NMT 0.5% of ganciclovir related com-

C18H18ClN3O · C4H6O4, calculated on the dried basis.pound A is found.
Total impurities:  NMT 1.5%

IDENTIFICATION
• A. INFRARED ABSORPTION 〈197K〉SPECIFIC TESTS
• B. ULTRAVIOLET ABSORPTION 〈197U〉• WATER DETERMINATION, Method I 〈921〉:  NMT 6.0%

Sample solution:  20 µg/mL in 0.01 N hydrochloric acid[NOTE—Ganciclovir is extremely hygroscopic.]

ASSAYADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in well-closed containers.

Store at 25 °, excursions permitted between 15 ° and 30 °. Change to read:
• USP REFERENCE STANDARDS 〈11〉

USP Ganciclovir RS
USP Ganciclovir Related Compound A RS • PROCEDURE

Sample:  400 mg of Loxapine Succinate
Analysis:  Dissolve in 80 mL of glacial acetic acid, and titrate
with 0.1 N perchloric acid VS, determining the endpointBRIEFING potentiometrically. Perform a blank determination, and make
any necessary correction (see Titrimetry 〈541〉). Each mL of 0.1
N perchloric acid is equivalent to 22.29 mg of C 18H18ClN3O

Loxapine Succinate,  USP 32 page 2817. In an effort to mod- ■Calculate the percentage of C 18H18ClN3O · C4H6O4 in the por-
ernize the currently official monograph, the following changes tion of Loxapine Succinate taken:
are proposed:
1.  Add the chemical structure. Result = [(V − B) × N × F × 100]/W
2.  Include a formula in the Assay to calculate the per centage

of C18H18ClN3O · C4H6O4. V = sample titrant volume (mL)
3.  Replace the TLC-based test for Organic Impurities with an B = blank titrant volume (mL)

HPLC method. The liquid chromatographic procedure is N = normality of titrant (mEq/mL)
based on analyses per formed with an Ascentis Express C-18 F = equivalence factor, 22.29 mg/mEq
brand of L1 column. The typical retention time for loxapine W = sample weight (mg)
is 13.4 min. ■2S (USP34)

4.  Omit the test for Melting Range or Temperature because the Acceptance criteria:  98.5%–101.0% on the dried basis
test for Organic Impurities provides sufficient information on

IMPURITIESpotential impurities.
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm

(MD-PP: H.Ramanathan, R.Ravichandran.) RTS—C83412

Change to read:

Organic Impurities
• PROCEDURE

Standard solution A:  0.5 mg/mL of USP Loxapine Succinate
RS in methanol

Standard solution B:  0.25 mg/mL from Standard solution A
in methanol

Standard solution C:  0.1 mg/mL from Standard solution A
in methanol

Sample solution:  50 mg/mL of Loxapine Succinate in
methanol

Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
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Mode  TLC Acceptance criteria
Adsorbent:  0.10-mm layer of chromatographic silica gel Individual impurities:  See Impurity Table 1.
mixture Total impurities:  NMT 0.5%

Application volume:  5 µL
Developing solvent system:  Ethyl acetate, methanol, and Impurity Table 1
ammonium hydroxide (9:1:0.1)

Analysis Relative Relative Acceptance
Samples:  Standard solution A, Standard solution B, Standard Retention Response Criteria,
solution C, and Sample solution Name Tme Factor NMT (%)

Proceed as directed for high-per formance thin-layer chroma- Amoxapinea 0.19 1.3 0.15
tography under the general test chapter. Allow the spots Chlorodibenz-
to dry, and develop the chromatogram in the  Developing oxazepinoneb 0.45 0.70 0.15
solvent system, until the solvent front has moved three-

Loxapine succi-fourths of the length of the plate. Remove the plate from
nate 1.0 – –the developing chamber, mark the solvent front, air-dr y,

Loxapine relat-examine the plate under short-wavelength UV light, and
ed compoundcompare the intensities of any secondar y spots obser ved
Ac 1.2 1.2 0.15for the Sample solution with those of the principal spots of

Any unspecifiedthe Standard solutions.
individual im-Acceptance criteria:  No secondary spot of the Sample so-
purity – 1.0 0.10lution is larger or more intense than the principal spot of

Standard solution A (1.0%), and the sum of the intensities a 2-Chloro-11-(piperazin-1-yl)dibenzo[b,f][1,4]oxazepine.
of the secondary spots of the Sample solution corresponds b 2-Chlorodibenzo[b,f]-1,4-oxazepin-11-one.
to NMT 2.0%. c 3-Chloro-11-(4-methylpiperazin-1-yl)dibenzo[b,f][1,4]oxazepine.

■Buffer:  3.9 g/L of ammonium acetate in water. Adjust with
20% acetic acid in water or 6 N ammonium hydroxide to a

■2S (USP34)pH of 7.3.
 Mobile phase:  Acetonitrile and Buffer (3:7)

Diluent:  Acetonitrile and Buffer (7:3) SPECIFIC TESTS
Standard solution:  10 µg/mL of USP Loxapine Succinate RS
and 1.5 µg/mL each of USP Amoxapine RS and USP Loxapine

Delete the following:Related Compound A RS in Diluent
Sample solution:  1 mg/mL of Loxapine Succinate in Diluent
Chromatographic system

■• MELTING RANGE OR TEMPERATURE, Class I 〈741〉:(See Chromatography 〈621〉, System Suitability.)
150°–153°■2S (USP34)Mode:  LC • LOSS ON DRYING 〈731〉:  Dry a sample at 105 ° for 4 h: it losesDetector:  UV 254 nm
NMT 0.5% of its weight.Column:  4.6-mm × 5-cm; 2.7–µm packing L1

Column temperature:  35° ADDITIONAL REQUIREMENTS
Flow rate:  1.5 mL/min • PACKAGING AND STORAGE:  Preserve in tight containers.
Injection size:  10 µL
Run time:  2 times the retention time of loxapine succinate

Change to read:System suitability
Sample:   Standard solution
Suitability requirements:

• USP REFERENCE STANDARDS 〈11〉Resolution:  NLT 2.0 between loxapine succinate and lox-
USP Loxapine Succinate RSapine related compound A
■USP Amoxapine RSRelative standard deviation:  NMT 5.0%
USP Loxapine Related Compound A RSAnalysis
[3-Chloro-11-(4-methylpiperazin-1-yl)dibenzo[b,f]Samples:   Standard solution and Sample solution
[1,4]oxazepine]Calculate the percentage of any individual impurity in the

(C18H18ClN3O  327.81)■2S (USP34)portion of Loxapine Succinate taken:

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

BRIEFINGrU = peak response of each impurity from the Sample
solution

rS = peak response of loxapine succinate from the
 Methotrexate,  USP 32 page 2928, page 4078 of the FirstStandard solution
Supplement to USP 32, and the Revision Bulletin posted on theCS = concentration of USP Loxapine Succinate RS in
USP website with an official date of May 1, 2010. On the basisthe Standard solution (mg/mL)
of comments received, it is proposed to make the followingCU = concentration of Loxapine Succinate in the Sam-
changes:ple solution (mg/mL)
1.  The test for Heavy Metals is added per FDA approved

specification.
2.  A new gradient HPLC procedure is proposed for the  Or-

ganic Impurities test. This procedure is able to analyze
methotrexate related compound I and methotrexate re-
lated compound H, in addition to the currently listed speci-
fied impurities. The Assay is also revised to have the same
HPLC procedure as that is in the test for Organic Impurities.
The proposed liquid chromatography is based on analyses
performed with a Kromasil 100 - C18, 5- µm brand of L1
column. The typical retention time for methotrexate is
about 13 min.
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3.  Because the limit for total imprities is given in the mono- Suitability requirements
graph, the limit for total unspecified impurities is redun- Resolution:  NLT 8.0 between the folic acid and methotre-
dant and is deleted to be consistent with ICH guideline. xate peaks

4.  The test for Enantiomeric Purity is proposed to replace the Relative standard deviation:  NMT 2.5% for the metho-
test for Specific Rotation. The proposed liquid chromatogra- trexate peak
phy procedure in the test for Enantiomeric Purity is based Analysis
on analyses per formed with a Macherey-Nsgel Resolvosil Samples:  Standard solution and Sample solution
BSA, 7-µm brand of L## column (see Chromatographic Col- Calculate the percentage of C 20H22N8O5 in the portion of
umns in the Reagents section). The typical retention time Methotrexate taken:
for methotrexate is about 5.5 min.

Result = (r U/rS) × (CS/CU) × 1005.  Two new USP Reference Standards are introduced in Proce-
dure 1: Related Compounds and Procedure 2: Enantiomeric

rU = peak response from the Sample solutionPurity in the test for Organic Impurities.
rS = peak response from the Standard solution
CS = concentration of USP Methotrexate RS in the

Standard solution (µg/mL)
(MD-OOD: F. Mao.) RTS—C70059 CU = concentration of methotrexate in the Sample so-

lution (µg/mL)
■Buffer:  3.4 mg/mL of anhydrous monobasic sodium phos-
phate in water. Adjust with 1 N sodium hydroxide to a pH ofMethotrexate 6.0.

Solution A:  Acetonitrile and Buffer (1:19)
Solution B:  Acetonitrile and Buffer (1:1)
Mobile phase:  See the gradient table below.

Time Solution A Solution B
(min) (%) (%)

 0 100 0
30 50 50

C20H22N8O5 454.44 34 50 50
L-Glutamic acid, N-[4-[[(2,4-Diamino-6-pter- 35 100 0

idinyl)methyl]methylamino]benzoyl]-;
40 100 0L-(+)-N-[p-[[(2,4-Diamino-6-pter-

idinyl)methyl]methylamino]benzoyl] glutamic acid  [59-05-2].
Standard stock solution:  Transfer a known amount of USPDEFINITION Methotrexate RS to a suitable volumetric flask, dissolve in di-Methotrexate is a mixture of 4-amino-10-methylfolic acid and methyl sulfoxide equivalent to 5% of the final volume andclosely related compounds. It contains NL T 98.0% and NMT dilute with Solution A to volume to prepare 1.0 mg/mL of USP102.0% of C 20H22N8O5, calculated on the anhydrous basis. Methotrexate RS.[CAUTION—Great care should be taken to prevent inhaling parti- Standard solution:  0.2 mg/mL of USP Methotrexate RS incles of Methotrexate and exposing the skin to it.] Solution A, from the Standard stock solution
Sample stock solution:  Transfer 200 mg of Methotrexate intoIDENTIFICATION
a 200-mL volumetric flask, dissolve in 10 mL of dimethyl sulf-• A. INFRARED ABSORPTION 〈197K〉:  Do not dr y specimens.
oxide with sonication for 5 min. Add 150 mL of Solution A• B. ULTRAVIOLET ABSORPTION 〈197U〉
and sonicate again for 5 min. Dilute with Solution A to volumeSample solution:  10 µg/mL in 0.1 N hydrochloric acid
to obtain a solution containing 1.0 mg/mL of Methotrexate.
[NOTE—Sonicate as needed.]ASSAY

Sample solution:  0.2 mg/mL of Methotrexate in Solution A,
from the Sample stock solution

Change to read: Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC• PROCEDURE
Detector:  UV 280 nmSolution A:  0.2 M dibasic sodium phosphate and 0.1 M citric
Column:  4.6-mm × 25-cm; 5-µm packing L1acid (63:37), adjusted if necessar y with 0.1 M citric acid or 0.2
Flow rate:  1.0 mL/minM dibasic sodium phosphate to a pH of 6.0
Injection size:  20 µLMobile phase:  Acetonitrile and Solution A (1:9)

System suitabilitySystem suitability solution:  0.1 mg/mL each of USP Metho-
Sample:  Standard solutiontrexate RS and folic acid in Mobile phase
Suitability requirementsStandard solution:  100 µg/mL of USP Methotrexate RS in

Tailing factor:  NMT 1.6Mobile phase
Relative standard deviation:  NMT 2.0%Sample solution:  100 µg/mL of Methotrexate in Mobile phase

AnalysisChromatographic system
Samples:  Standard solution and Sample solution(See Chromatography 〈621〉, System Suitability.)
Calculate the percentage of C 20H22N8O5 in the portion ofMode:  LC
Methotrexate taken:Detector:  UV 302 nm

Column:  4.6-mm × 25-cm; packing L1 Result = (r U/rS) × (CS/CU) × 100Flow rate:  1.2 mL/min
Injection size:  10 µL rU = peak response from the Sample solution

System suitability rS = peak response from the Standard solution
Sample:  System suitability solution CS = concentration of USP Methotrexate RS in the

[NOTE—The relative retention times for folic acid and Standard solution (mg/mL)
methotrexate are about 0.35 and 1.0, respectively. ] CU = concentration of Methotrexate in the Sample so-

lution (mg/mL)
■2S (USP34)
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Acceptance criteria:  98.0%–102.0% on the anhydrous basis Calculate the percentage of •MTX-1-monomethylester,
MTX-5-monomethylester, and• (RB 1-May-2010) any unspecified

IMPURITIES impurity in the portion of Methotrexate taken:

Result = (r U/rS) × (CS/CU) × 100Change to read:

rU = peak response from the Sample solution
rS = peak response of methotrexate from the Stan-Inorganic Impurities

dard solution• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
CS = concentration of Methotrexate in the Standard■• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm ■2S (USP34)

solution (mg/mL)
CU = concentration of Methotrexate in the Sample so-

Change to read: lution (mg/mL)
Acceptance criteria

Individual impurities:  See Impurity Table 1. [NOTE—Disre-
Organic Impurities gard any unknown peak with an area less than the area of
• PROCEDURE ■1: RELATED COMPOUNDS■2S (USP34) the methotrexate peak from the Sensitivity solution.

Solution A, Mobile phase, System suitability solution, and
Chromatographic system:  Proceed as directed in the

Impurity Table 1Assay.
Standard solution:  3 µg/mL each of USP Methotrexate RS, Relative Acceptance
USP Methotrexate Related Compound B RS, USP Methotrex- Retention Criteria,
ate Related Compound C RS, and USP Name Time NMT (%)
Methotrexate Related Compound E RS, in Mobile phase Methotrexate related com- 0.52 0.5

Sensitivity solution:  Transfer 1.0 mL of the Standard solution pound C
to a 10-mL volumetric flask and dilute with Mobile phase to Methotrexate related com- 0.59 0.3volume. [NOTE—The methotrexate in this solution is 0.03% pound Brelative to the amount of Methotrexate in the Sample

Methotrexate 1.0 —solution.
4-[[(2,4-Diaminopter-Sample solution:  1 mg/mL of Methotrexate in Mobile phase.
idin-6-yl)methyl]methyl- 2.16 0.3[NOTE—Dissolve with the aid of sonication or shaking if
amino]benzoic acidnecessary.

•MTX-1-monomethyles-System suitability 8.54 0.2• (RB 1-May-2010)teraSamples:  System suitability solution and Sensitivity solution
Suitability requirements:  Proceed as directed in the As- •MTX-5-monomethyles-

9.08 0.2• (RB 1-May-2010)say, in addition to the sensitivity requirement. terb

Sensitivity:  The methotrexate peak is visible, Sensitivity Any unspecified impurity — 0.10
solution Total unspecified impuri- — 0.5Analysis tiesSamples:  Standard solution and Sample solution

 • a (S)-2-(4-{[(2,4-diaminopteridin-6-yl)methyl](methyl)amino}benzamido)-5-[NOTE—Elute for NLT •10•(RB 1-May-2010) times the retention
methoxy-5-oxopentanoic acid.time of methotrexate •for the Sample solution.•(RB 1-

b (S)-4-(4-{[(2,4-diaminopteridin-6-yl)methyl](methyl)amino}benzamido)-5-
May-2010)]

methoxy-5-oxopentanoic acid.Calculate the percentage of methotrexate related com- • (RB 1-May-2010)pound B and methotrexate related compound C in the
portion of Methotrexate taken: ■Solution A, Solution B, Mobile phase, Sample solution, and

Chromatographic system:  Proceed as directed in the Assay.
Result = (r U/rS) × (CS/CU) × 100 Standard stock solution A:  Use the Standard solution from

the Assay.rU = peak response from the Sample solution Standard solution A:  0.1 µg/mL of USP Methotrexate RS inrS = peak response from the Standard solution Solution A, from the Standard stock solutionCS = concentration of methotrexate related com- Standard stock solution B:  Transfer known quantities ofpound in the Standard solution (mg/mL) USP Methotrexate Related Compound C RS, USP Methotrex-CU = concentration of Methotrexate in the Sample so- ate Related Compound B RS, and USP Methotrexate Relatedlution (mg/mL) Compound E RS to a suitable volumetric flask, dissolve inCalculate the percentage of 4-[[(2,4-diaminopteridin-6- dimethyl sulfoxide equivalent to 1% of the final volume andyl)methyl]methylamino]benzoic acid in the portion of dilute with Solution A to volume to obtain a solution contain-Methotrexate taken: ing 0.2 mg/mL of USP Methotrexate Related Compound C
RS, 0.1 mg/mL of USP Methotrexate Related Compound BResult = (r U/rS) × (CS/CU) × (Mr1/Mr2) × 100 RS, and 0.1 mg/mL of USP Methotrexate Related Compound
E RS.rU = peak response from the Sample solution

Standard solution B:  0.4 µg/mL of USP Methotrexate Re-rS = peak response from the Standard solution
lated Compound C RS, 0.2 µg/mL of USP Methotrexate Re-CS = concentration of USP Methotrexate Related
lated Compound B RS, and 0.2 µg/mL of USP MethotrexateCompound E RS in the Standard solution
Related Compound E RS in Solution A, from Standard stock(mg/mL)
solution BCU = concentration of Methotrexate in the Sample so-

System suitability solution:  Transfer a known quantity oflution (mg/mL)
USP Methotrexate System Suitability Mixture RS to a suitableMr1 = molecular weight of 4-[[(2,4-diaminopteridin-6-
volumetric flask, dissolve in dimethyl sulfoxide equivalent toyl)methyl]methylamino]benzoic acid, 325.33
about 1% of the final volume. Add Standard stock solution BMr2 = molecular weight of USP Methotrexate Related
equivalent to 0.2% of the final volume, and dilute with Solu-Compound E RS, 343.56
tion A to volume to prepare 0.1 mg/mL of USP Methotrexate[NOTE—USP Methotrexate Related Compound E RS is 4-

[[(2,4-diaminopteridin-6-yl)methyl]methylamino]benzoic
acid hemihydrochloride.]
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System Suitability Mixture RS, 0.4 µg/mL of USP Methotrex- Total impurities:  NMT 1.0%
ate Related Compound C RS, 0.2 µg/mL of USP Methotrex-
ate Related Compound B RS, and 0.2 µg/mL of USP Metho- Impurity Table 1
trexate Related Compound E RS.

System suitability Relative Relative Acceptance
Samples:  Standard solution A and System suitability solution Retention Response Criteria,
Suitability requirements Name Time Factor NMT (%)
Resolution 1:  NLT 1.7 between methotrexate related Methotrexate relat- 0.71 — 0.3
compound B and methotrexate related compound C, Sys- ed compound B a

tem suitability solution Methotrexate relat- 0.75 — 0.5
Resolution 2:  NLT 10.0 between methotrexate related ed compound C b

compound C and methotrexate, System suitability solution
Methotrexate 1.00 — —Resolution 3:  NLT 5.0 between methotrexate related
4-[[(2,4-diami- 1.39 — 0.3compound I and methotrexate related compound H, Sys-
nopteridin-6-tem suitability solution
yl)methyl]methylRelative standard deviation:  NMT 5.0%, Standard solu-
amino]benzoic ac-tion A
idAnalysis

Methotrexate 1.55 0.71 0.2eSamples:  Standard solution A, Standard solution B, and
dimethylamidecSample solution
and MethotrexateCalculate the percentage of methotrexate related compound
related compoundB and methotrexate related compound C in the portion of
IdMethotrexate taken:

Methotrexate relat- 1.68 1.0 0.2
Result = (r U/rS) × (CS/CU) × 100 ed compound H f

Any unspecified — 1.0 0.10
rU = peak response from the Sample solution impurity
rs = peak response from Standard solution B

a (S)-2-{4-[(2,4-Diaminopteridin-6-yl)methylamino]benzamido}pentanedioic ac-CS = concentration of the corresponding methotrex-
id.ate related compound in Standard solution B

b (S)-2-{4-[(2-Amino-4-oxo-1,4-dihydropteridin-6-yl)methylamino]-N-(mg/mL)
methylbenzamido}pentanedioic acid.CU = concentration of Methotrexate in the Sample so-

c 2-(4-{[(2,4-Diaminopteridin-6-yl)methyl](methyl)amino}benzamido)-5-(di-lution (mg/mL)
methylamino)-5-oxopentanoic acid.Calculate the percentage of 4-[[(2,4-diaminopteridin-6-

d (S)-2-(4-{[(2,4-Diaminopteridin-6-yl)methyl](methyl)amino}benzamido)-5-yl)methyl]methylamino]benzoic acid in the portion of
methoxy-5-oxopentanoic acid.Methotrexate taken:

e If present, methotrexate dimethylamide and Methotrexate related compound
I may not be completely resolved by the method. These peaks are integratedResult = (r U/rS) × (CS/CU) × (Mr1/Mr2) × 100
together to determine conformance.

f (S)-4-(4-{[(2,4-Diaminopteridin-6-yl)methyl](methyl)amino}benzamido)-5-rU = peak response from the Sample solution
methoxy-5-oxopentanoic acid.rS = peak response from the Standard solution B
 CS = concentration of USP Methotrexate Related

Compound E RS in the Standard solution B
(mg/mL) • PROCEDURE 2: ENANTIOMERIC PURITY

CU = concentration of Methotrexate in the Sample so- Solution A:  7.1 g/L of anhydrous dibasic sodium phosphate
lution (mg/mL) in water

Mr1 = molecular weight of 4-[[(2,4-diaminopteridin-6- Solution B:  6.9 g/L of monobasic sodium phosphate in
yl)methyl]methylamino]benzoic acid, 325.33 water

Mr2 = molecular weight of USP Methotrexate Related Solution C:  Solution A and Solution B (5:6). Adjust with 2 N
Compound E RS, 343.56 sodium hydroxide to a pH of 6.9.

[NOTE—USP Methotrexate Related Compound E RS is 4-{ Mobile phase:  n-Propanol and Solution C (2:23)
[(2,4-diaminopteridin-6-yl)methyl](methyl)amino}benzoic System suitability solution:  0.02 mg/mL each of USP
acid, hemihydrochloride.] Methotrexate RS and USP R-Methotrexate RS in Mobile phase

Calculate the percentage of methotrexate related compound Sample solution:  0.2 mg/mL of Methotrexate in Mobile
H, methotrexate related compound I, and any unspecified phase
impurity in the portion of Methotrexate taken: Diluted sample solution:  2 µg/mL of Methotrexate in Mo-

bile phase, from the Sample solution
Result = (r U/rS) × (CS/CU) × (1/F) × 100 Chromatographic system

(See Chromatography 〈621〉, System Suitability.)rU = peak response from the Sample solution Mode:  LCrs = peak response of methotrexate from the Stan- Detector:  UV 302 nmdard solution A Column:  4.0-mm × 15-cm; 7-µm packing L##CS = concentration of USP Methotrexate RS in the Flow rate:  1.5 mL/minStandard solution A (mg/mL) Injection size:  20 µLCU = concentration of Methotrexate in the Sample so- System suitabilitylution (mg/mL) Sample:  System suitability solutionF = relative response factor for each individual impu- [NOTE—The relative retention times for methotrexate and R-rity (see Impurity Table 1) methotrexate are 1.0 and 1.95, respectively.]Acceptance criteria Suitability requirementsIndividual impurities:  See Impurity Table 1. [NOTE—Disre- Resolution:  NLT 1.3 between methotrexate and R-gard any impurity peak less than 0.05%.] methotrexate
Relative standard deviation:  NMT 5.0%, methotrexate
peak
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Analysis Methylergonovine Maleate Injection
Samples:  Sample solution and Diluted sample solution

Calculate the percentage of R-methotrexate in the portion of DEFINITION
Methotrexate taken: Methylergonovine Maleate Injection is a sterile solution of

Methylergonovine Maleate in W ater for Injection. Each mL con-Result = [r U/(rS × 100)] × 100 tains NLT 90.0% and NMT 110.0% of the labeled amount of
methylergonovine maleate (C 20H25N3O2 · C4H4O4).rU = peak area of R-methotrexate from the Sample so-

lution IDENTIFICATION
rS = peak area of Methotrexate from the Diluted sam- • A.  The R F values of the principal fluorescent spot and the

ple solution principal blue spot of the Sample solution correspond to those
Acceptance criteria of the Standard stock solution, as obtained in the procedure for

R-methotrexate:  NMT 3.0% ■2S (USP34) Organic Impurities, Related Alkaloids.
• B. PROCEDURESPECIFIC TESTS

Sample solution:  0.67 mg/mL of methylergonovine maleate
from Injection in water

Delete the following: Analysis:  The Sample solution exhibits a bluish fluorescence
under UV light. To this solution add 2 mL of a solution of
glacial acetic acid in ethyl acetate (1:2), and stratify 2 mL of

■• OPTICAL ROTATION, Specific Rotation 〈781S〉:  +19° to +24 °, a sulfuric acid, by pipetting, under the solution.
2-dm polarimeter tube being used Acceptance criteria:  A bluish-purple ring appears at the inter-

Sample solution:  10 mg/mL, in 0.05 M sodium face of the two liquids.
carbonate■2S (USP34)

• WATER DETERMINATION, Method I 〈921〉:  NMT 12.0% ASSAY
• PROCEDURE

ADDITIONAL REQUIREMENTS [NOTE—Conduct this procedure with minimum exposure to light.]
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant Mobile phase:  Acetonitrile and 0.015 M monobasic potas-

containers. sium phosphate solution (1:4)
Diluent:  5 mg/mL of tartaric acid in water and methanol
(1:1). Allow the mixture to cool before use. [ NOTE—DissolveChange to read:
tartaric acid with water, then add an equal volume of
methanol.]

Standard solution:  100 µg/mL of USP Methylergonovine• USP REFERENCE STANDARDS 〈11〉
Maleate RS in Diluent. [NOTE—Shake by mechanical means forUSP Methotrexate RS
15 min or until completely dissolved.]USP Methotrexate Related Compound B RS

Sample solution:  100 µg/mL of methylergonovine maleateUSP Methotrexate Related Compound C RS
from Injection in DiluentUSP Methotrexate Related Compound E RS

Chromatographic system■USP Methotrexate System Suitability Mixture RS
(See Chromatography 〈621〉, System Suitability.)It contains Methotrexate, Methotrexate Dimethylester
Mode:  LCHydrochloride
Detector:  UV 240 nm[(S)-Dimethyl-2-(4-{[(2,4-diaminopteridin-6-
Column:  4-mm × 25-cm; packing L7yl)methyl](methyl)amino}benzamido) pentanedioate
Column temperature:  30°hydrochloride]
Flow rate:  2 mL/min(C22H26N8O5 · HCl 518.95),
Injection size:  20 µLand small amount of Methotrexate related compound I

System suitability[(S)-2-(4-{[(2,4-Diaminopteridin-6-
Sample:  Standard solutionyl)methyl](methyl)amino}benzamido)-5-methoxy-5-ox-
Suitability requirementsopentanoic acid]

Column efficiency:  NLT 1000 theoretical plates(C21H24N8O5 468.47)
Tailing factor:  NMT 2.0and Methotrexate related compound H
Relative standard deviation:  NMT 2.0%[(S)-4-(4-{[(2,4-Diaminopteridin-6-

Analysisyl)methyl](methyl)amino}benzamido)-5-methoxy-5-ox-
Samples:  Standard solution and Sample solutionopentanoic acid]
Calculate the percentage of C 20H25N3O2 · C4H4O4 in each mL(C21H24N8O5 468.47)
of Injection taken:USP R-Methotrexate RS

[(R)-2-(4-{[(2,4-Diaminopteridin-6-
Result = (r U/rS) × (CS/CU) × 100yl)methyl](methyl)amino}benzamido)pentanedioic acid]

(C20H22N8O5 454.44)■2S (USP34)
rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Methylergonovine Maleate

BRIEFING RS in the Standard solution (µg/mL)
CU = nominal concentration of the Sample solution

(µg/mL)
Acceptance criteria:  90.0%–110.0%Methylergonovine Maleate Injection,  USP 32 page 2947.

On the basis of comments received, it is proposed to add stor-
IMPURITIESage conditions to the Packaging and Storage section.
Organic Impurities
• PROCEDURE: RELATED ALKALOIDS
[NOTE—Conduct this test promptly, without exposure to daylight

(MD-PS: M. Puderbaugh, M. W addell.) RTS—C73617 and with minimum exposure to artificial light.]
Diluent:  Alcohol and ammonium hydroxide (9:1)

[NOTE—All solutions should be prepared immediately before
use.]

Standard stock solution:  10 mg/mL of USP Methylergo-
novine Maleate RS in Diluent
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Standard solution A:  0.50 mg/mL of USP Methylergonovine brand of L11 column. The typical retention time for topiramate
Maleate RS from the Standard stock solution in Diluent is about 7 min. The test for Limit of Sulfate and Sulfamate is

Standard solution B:  0.20 mg/mL of USP Methylergonovine based on the HPLC method, validated using the PRP-X100
Maleate RS from the Standard stock solution in Diluent brand of L47 column, manufactured by Hamilton. The typical

Standard solution C:  0.10 mg/mL of USP Methylergonovine retention time of sulfate ion is about 7 min.
Maleate RS from the Standard stock solution in Diluent

Standard solution D:  0.05 mg/mL of USP Methylergo-
novine Maleate RS from the Standard stock solution in Diluent (MD-PP: R. Ravichandran. BPC: M. Marques.) RTS—C49322Sample solution:  Transfer the equivalent of 5 mg of
methylergonovine maleate from Injection to a separator and
extract with three 5-mL portions of chloroform. Discard the
chloroform extracts. Render alkaline to litmus with 6 N am-
monium hydroxide and extract with three 5-mL portions of

Add the following:chloroform. Evaporate the combined extracts with the aid of
a current of air, but without heat, to dr yness. Dissolve the
residue so obtained in 0.5 mL of Diluent.

■Topiramate CapsulesChromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode:  TLC DEFINITION
Adsorbent:  0.25-mm layer of chromatographic silica gel Topiramate Capsules contain NL T 90.0% and NMT 110.0% of
mixture the labeled amount of topiramate (C 12H21NO8S).

Application volume:  5 µL
IDENTIFICATIONDeveloping solvent system:  Chloroform, methanol, and
• A. INFRARED ABSORPTION 〈197F〉water (75:25:3), equilibrated for 30 min

Wave number range:  4000 to 650 cm –1Spray reagent:  10 mg/mL of p-dimethylaminobenzalde-
Standard solution:  20 mg/mL of USP T opiramate RS inhyde in a cooled mixture of alcohol and hydrochloric acid
acetone(1:1)

Sample solution:  Open an appropriate number of CapsulesAnalysis
to prepare a 20 mg/mL topiramate solution in acetone. ShakeSamples:  Standard stock solution, Standard solution A, Stan-
the solution for 30 min and centrifuge for 10 min. Then passdard solution B, Standard solution C, Standard solution D,
an aliquot of the clear supernatant through a suitable nylonand Sample solution
filter of 0.2-µm pore size and use the filtrate for analysis.Proceed as directed in the chapter. Locate the spots on the

Analysisplate by spraying thoroughly and evenly with Spray rea-
Samples:  Standard solution and Sample solutiongent. Immediately dr y in a stream of nitrogen for 2 min.
Apply 50 µL to a NaCl plate, allow the solution to dr y, thenAcceptance criteria:  The R F value of the principal spot from
obtain the IR spectrum.the Sample solution corresponds to that from the Standard

• B.  The retention time of the major peak of the Sample solu-stock solution. Estimate the concentration of any other spots
tion corresponds to that of the Standard solution, as obtainedobserved in the lane for the Sample solution by comparison
in the Assay.with Standard solution A, Standard solution B, Standard solu-

tion C, and Standard solution D: the spots from the 0.50-,
ASSAY0.20-, 0.10-, and 0.05-mg/mL dilutions are equivalent to • PROCEDURE5.0%, 2.0%, 1.0%, and 0.50% of impurities, respectively.

Buffer:  1.5 g/L of ammonium acetate in water. Adjust to aThe sum of the impurities is NMT 5.0%.
pH of 4.0 with glacial acetic acid.

Diluent:  Acetonitrile and water (1:4)SPECIFIC TESTS
Mobile phase:  Methanol and Buffer (1:4)• PH 〈791〉:  2.7–3.5
Standard solution:  6 mg/mL of USP T opiramate RS in Diluent• BACTERIAL ENDOTOXINS TEST 〈85〉:  NMT 1.7 USP Endotoxin
Sample solution:  Nominally 6 mg/mL of topiramate in Dilu-Units per µg of methylergonovine maleate
ent from NLT 20 Capsules. [ NOTE—Shake vigorously for at• OTHER REQUIREMENTS:  Meets the requirements under Injections
least 60 min and pass a portion through a PTFE chemical-〈1〉
resistant filter of 0.45- µm pore size.]

ADDITIONAL REQUIREMENTS Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LCChange to read: Detector:  Refractive index
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min• PACKAGING AND STORAGE:  Preserve in single-dose, light-
Injection size:  100 µLresistant containers, preferably of T ype I glass. ■Store in a
Temperaturerefrigerator.■2S (USP34)

Column:  35°• USP REFERENCE STANDARDS 〈11〉
Detector:  35°USP Endotoxin RS

System suitabilityUSP Methylergonovine Maleate RS
Sample:  Standard solution
Suitability requirements

Relative standard deviation:  NMT 2.0%
BRIEFING Analysis

Samples:  Standard solution and Sample solution
Calculate the percentage of C 12H21NO8S in the portion of
Capsules taken:Topiramate Capsules.  Because there is no existing USP mon-

ograph available for this dosage form, a new monograph is pro-
Result = (r U/rS) × (CS/CU) × 100posed. The Assay test and the procedure for Organic Impurities

are based on the HPLC method validated using the W aters Sym-
rU = peak response from the Sample solutionmetry Shield RP18 brand of L1 column. The typical retention
rS = peak response from the Standard solutiontime for topiramate is about 30 min. The test for Dissolution is
CS = concentration of USP T opiramate RS in the Stan-based on the HPLC method, validated using the Betasil Phenyl

dard solution (mg/mL)
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CU = nominal concentration of topiramate in the Sam- Acceptance criteria
ple solution (mg/mL) Individual impurities:  See Impurity Table 1.

Acceptance criteria:  90.0%–110.0% Total impurities:  NMT 0.7%

PERFORMANCE TESTS
Table 1• DISSOLUTION 〈711〉

Medium:  pH 6.8 phosphate buffer; 900 mL Relative Relative Acceptance
Apparatus 2:  50 rpm Name Retention Response Criteria,
Time:  45 min Time Factor NMT (%)
Standard solution:  20 µg/mL of USP Topiramate RS in Topiramate related 0.5%

0.66 1.1Medium compound Aa

Sample solution:  Pass a portion of the solution under test
Topiramate 1.0 — —through a suitable filter of 1- µm pore size.
Individual unspecified 0.2%Mobile phase:  Methanol and 0.1% trifluoroacetic acid in — —
degradation productwater (1:1)

a 2,3:4,5-bis-O-(1-Methylethylidene)-d-fructopyranose.Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  Refractive index SPECIFIC TESTS
Column:  4.0-mm × 1-cm guard column and 4.6-mm × 25- • LIMIT OF SULFAMATE AND SULFATE:  [NOTE—Use water with a
cm, 5-µm analytical column; both packing L11 resistivity of NLT 18 megohm-cm for the preparation of the

Flow rate:  1.2 mL/min Mobile phase, Standard solution, and Sample solution.]
Injection size:  100 µL Buffer:  0.8 g/L of p-hydroxybenzoic acid in water
Temperature Mobile phase:  Methanol and Buffer (2.5:97.5). Adjust with

Column:  40° sodium hydroxide solution to a pH of 9.4 ± 0.5.
Detector:  40° Standard solution:  0.015 mg/mL each of sodium sulfate and

System suitability sulfamic acid in Mobile phase from sodium sulfate anhydrous
Sample:  Standard solution and sulfamic acid, respectively
Suitability requirements Sample solution:  Grind the contents of NL T 20 Capsules.

Relative standard deviation:  NMT 2.0% Transfer an amount of powder equivalent to 300 mg of
Calculate the percentage of topiramate dissolved: topiramate to a 50-mL volumetric flask. Add about 40 mL of

Mobile phase, and stir for 30 min. Sonicate for 10 min, and
Result = (r U/rS) × (CS/L) × V × 100 dilute with Mobile phase to volume. Centrifuge and pass

through a polyethersulfone membrane filter of 0.45- µm pore
rU = peak response from the Sample solution size, discarding the first 3 mL of the filtrate.
rS = peak response from the Standard solution Chromatographic system
CS = concentration of the Standard solution (mg/mL) (See Chromatography 〈621〉, System Suitability.)
L = Capsule label claim (mg) Mode:  LC
V = volume of Medium, 900 mL Detector:  Conductivity

Tolerances:  NLT 75% (Q) of the labeled amount of topira- Column:  4.6-mm × 15-cm; 5-µm packing L47
mate is dissolved. Flow rate:  1.5 mL/min. [ NOTE—Suitable background sup-• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirements pression unit may be used.]

Detector temperature:  30°IMPURITIES
Injection size:  70 µLOrganic Impurities

System suitability• PROCEDURE
Sample:  Standard solutionDiluent, Mobile phase, Sample solution, and Chromato-

[NOTE—The relative retention time of the sulfamate peak isgraphic system:  Proceed as directed in the Assay.
0.44 relative to the sulfate peak.]Standard solution:  1.2 mg/mL of USP T opiramate RS and

Suitability requirements0.6 mg/mL of USP T opiramate Related Compound A RS in
Relative standard deviation:  NMT 15.0% for the sulfa-Diluent
mate and sulfate peaksSystem suitability

AnalysisSample:  Standard solution
Samples:   Standard solution and Sample solution[NOTE—Identify the peaks due to topiramate related com-
Calculate the percentage of sulfate ions in the portion ofpound A and topiramate using the relative retention times
Capsules taken:given in Table 1.]

Suitability requirements Result = (r U/rS) × (CS/CU) × (Mr1/Mr2) × 100Relative standard deviation:  NMT 5.0%, Standard
solution rU = peak response for sulfate from the Sample solu-

Analysis tion
Samples:  Standard solution and Sample solution rS = peak response for sulfate from the Standard solu-
Calculate the percentage of each impurity in the portion of tion
Capsules taken: CS = concentration of sodium sulfate in the Standard

solution (mg/mL)Result = (r U/rS) × (CS/CU) × (1/F) × 100 CU = concentration of topiramate in the Sample solu-
tion (mg/mL)rU = peak response of the individual impurity from

Mr1 = molecular weight of sulfate anion, 96.04the Sample solution
Mr2 = molecular weight of sodium sulfate, anhydrous,rS = peak response of topiramate from the Standard

142.04solution
Calculate the percentage of sulfamate ions in the portion ofCS = concentration of USP T opiramate RS in the Stan-
Capsules taken:dard solution (mg/mL)

CU = nominal concentration of topiramate in the Result = (r U/rS) × (CS/CU) × (Mr1/Mr2) × 100Sample solution (mg/mL)
F = relative response factor (see Impurity Table 1)
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rU = peak response for sulfamate from the Sample so- Sample solution:  40 µg/mL of trandolapril from NL T 10 Tab-
lution lets in Diluent. [NOTE—Initially add Diluent (up to 70% of the

rS = peak response for sulfamate from the Standard volume of the flask) to facilitate dissolution before diluting to
solution volume, using sonication (up to 30 min) if necessar y, with

CS = concentration of sulfamic acid in the Standard occasional swirling.] Pass a portion of the solution through a
solution (mg/mL) membrane filter of 0.45- µm pore size.

CU = concentration of topiramate in the Sample solu- Chromatographic system
tion (mg/mL) (See Chromatography 〈621〉, System Suitability.)

Mr1 = molecular weight of sulfamate anion, 96.09 Mode:  LC
Mr2 = molecular weight of sulfamic acid, 97.09 Detector:  216 nm

Acceptance criteria:   NMT 0.25% each of sulfate and sulfa- Column:  4.6-mm × 15-cm; 3-µm packing L1
mate ions are found. Flow rate:  1.2 mL/min

Injection volume:  20 µL
ADDITIONAL REQUIREMENTS System suitability
• PACKAGING AND STORAGE:  Store in tightly closed containers at Sample:  Standard solution

controlled room temperature, protected from moisture. Suitability requirements
• LABELING:  Topiramate Capsules may be swallowed whole or Tailing factor:  NMT 2.0

may be administered by carefully opening the Capsule and Column efficiency:  NLT 3000 theoretical plates
sprinking the entire contents on a small amount of soft food. Relative standard deviation:  NMT 2.0%
This drug/food mixture should be swallowed immediately and Analysis
not chewed. It should not be stored for future use. Samples:  Standard solution and Sample solution

• USP REFERENCE STANDARDS 〈11〉 Calculate the percentage of trandolapril in the portion of
USP Topiramate RS Tablets taken:
USP Topiramate Related Compound A RS
2,3:4,5-bis-O-(1-methylethylidene)-d-fructopyranose  Result = (r U/rS) × (CS/CU) × 100
(C12H20O6 260.28)■2S (USP34)

rU = peak response of trandolapril from the Sample
solution

rS = peak response of trandolapril from the Standard
BRIEFING solution

CS = concentration of USP T randolapril RS in the Stan-
dard solution (µg/mL)

 Trandolapril Tablets.  Because there is no existing USP mon- CU = concentration of trandolapril in the Sample solu-
ograph for this drug product, a new monograph is proposed tion (µg/mL)
based on validated methods. The proposed liquid chromato- Acceptance criteria:  90.0%–110.0%
graphic procedures in the Assay and the test for Dissolution are

PERFORMANCE TESTSperformed using an Inertsil ODS 3, 3- µm column of packing L1.
• DISSOLUTION 〈711〉The Procedure for Organic Impurities is per formed using an Inert-

Medium:  Water; 500 mL, deaeratedsil ODS 3V, 5- µm column of packing L1. The typical retention
Apparatus 2:  50 rpmtime for trandolapril is about 5 min in the Assay and about 23.5
Time:  45 minmin in the Procedure for Organic Impurities.
Mobile phase and System suitability:  Proceed as directed in
the Assay.

Chromatographic system:  Proceed as directed in the Assay(MD-CV: S. Ramakrishna. BPC: M. Marques.) RTS—C77397 except for the Injection volume.
Injection volume:  100 µL

Stock standard solution:  Prepare 0.2 mg/mL of USP T rando-
lapril RS as follows: T o USP Trandolapril RS in a suitable volu-
metric flask, add acetonitrile to about 5% of the volume of

Add the following: the flask, sonicate to dissolve, and then dilute with Medium.
Standard solution:  Further dilute the solution with Medium
to obtain a final concentration of L/500 mg/mL, where L is

■Trandolapril Tablets the Tablet label claim in mg.
Sample solution:  Pass a portion of the solution under test
through a suitable filter of 0.45- µm pore size.DEFINITION
Calculate the percentage of trandolapril dissolved:Trandolapril Tablets contain NLT 90.0% and NMT 110.0% of

trandolapril (C24H34N2O5).
Result = (r U/rS) × (CS/L) × V × 100

IDENTIFICATION
rU = peak response from the Sample solution• The retention time of the major peak of the Sample solution
rS = peak response from the Standard solutioncorresponds to that of the Standard solution, as obtained in
CS = concentration of the Standard solution (mg/mL)the Assay.
L = Tablet label claim (mg)

ASSAY V = volume of Medium; 500 mL
• PROCEDURE Tolerances:  NLT 80% (Q) of the labeled amount of trando-

Buffer:  8.9 g/L of anhydrous disodium hydrogen phosphate. lapril (C24H34N2O5) is dissolved.
Add 1 mL of triethylamine and adjust to a pH of 3.5 with • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
phosphoric acid. Pass through a suitable filter of 0.45- µm pore

IMPURITIESsize.
Organic ImpuritiesMobile phase:  Acetonitrile and Buffer (2:3)
• PROCEDUREDiluent:  Acetonitrile and water (2:3)

Buffer:  7.0 g/L of sodium per chlorate in water (0.05 M).Standard solution:  40 µg/mL of USP Trandolapril RS in Dilu-
Add 2 g of octanesulfonic acid sodium salt followed by 1 mLent. [NOTE—Initially add Diluent (up to 70% of the volume of
of triethylamine. Adjust to a pH of 2.0 with diluted per chloricthe flask) to facilitate dissolution before diluting to volume,
acid (1 in 10). Pass through a membrane filter of 0.45- µmusing sonication if necessar y.]
pore size.
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Solution A:  Acetonitrile, tetrahydrofuran, and Buffer Acceptance criteria
(11:1:28) Impurities:  Impurities meet the limits in Impurity Table 1.

Solution B:  Acetonitrile and Buffer (3:1)
Mobile phase:  See the gradient table below.  Impurity Table 1

Relative Relative Acceptance
Time Solution A Solution B  Retention Response  Criteria,

 (min) (%) (%) Name Time Factor  NMT (%)
0 85 15 Trandolaprilatea 0.41 1.00 0.5

25 85 15 Trandolapril 1.00 1.00 —
50 50 50  Trandolapril
55 85 15 related 1.84 0.40 0.5
65 85 15 compound C

Trandolapril
related 1.96 0.78 3.0Diluent:  Acetonitrile and Buffer (2:3)
compound DStandard stock solution 1:  0.06 mg/mL of each of USP

Any otherTrandolapril Related Compound C RS and USP T randolapril
individual — 1.00 0.2Related Compound D RS in acetonitrile. Sonicate to dissolve.
impuritySystem suitability solution:  0.6 mg/mL of USP T randolapril

Total impurities — — 4.5RS, 6 µg/mL of USP Trandolapril Related Compound C RS,
and USP Trandolapril Related Compound D RS (from Stan- a (2S,3aR,7aS)-1-[(2S)-2-[[(1S)-1-Carboxy-3-phenyl-
dard stock solution 1) in Diluent. [NOTE—Initially add Diluent propyl]amino]propanoyl]octahydro-1H-indole-2-carboxylic acid.
up to 70% of the volumetric flask, sonicate to dissolve, and
cool to room temperature.]

Standard stock solution 2:   0.3 mg/mL of USP T randolapril ADDITIONAL REQUIREMENTS
RS in Diluent. [NOTE—Initially add Diluent up to 70% of the • PACKAGING AND STORAGE:  Preserve in tight containers. Store at
volumetric flask, sonicate, and cool to room temperature.] controlled room temperature.

Standard solution:  6 µg/mL of USP Trandolapril RS in Dilu- • USP REFERENCE STANDARDS 〈11〉
ent from Standard stock solution 2 USP Trandolapril RS

Sample solution:  0.6 mg/mL of trandolapril in Diluent from USP Trandolapril Related Compound C RS
NLT 15 Tablets. [NOTE—Initially add Diluent up to 50% of the (2S,3aR,7aS)-1-[N-[(S)-1-Carboxy-3-cyclohexylpropyl]-L-
volume of the flask and sonicate for 30 min to dissolve.] alanyl]hexahydro-2-indolinecarboxylic acid 1-ethyl ester

Chromatographic system hydrochloride
(See Chromatography 〈621〉, System Suitability.) (C24H40N2O5 · HCl 473.05)
Mode:  LC USP Trandolapril Related Compound D RS
Detector:  210 nm  (S)-Ethyl 2-[(3S,5aS,9aR,10aS)-3-methyl-1,4-diox-
Column:  4.6-mm × 25-cm; 5-µm packing L1 odecahydropyrazino[1,2-a]indol-2(1H)-yl)]-4-
Flow rate:  1.5 mL/min phenylbutanoate
Injection volume:  50 µL (C24H32N2O4 412.52)■2S (USP34)
Column temperature:  40°

System suitability
Samples:  System suitablity solution and Standard solution
Suitability requirements BRIEFING
Resolution:  NLT 3.0 between trandolapril related com-
pound C and trandolapril related compound D, System
suitability solution Trospium Chloride.  Because there is no existing USP mono-

Column efficiency:  NLT 7000 theoretical plates, Standard graph for this drug substance, a new monograph, based on vali-
solution dated methods of analyses is being proposed. The liquid chro-

Relative standard deviation:  NMT 5.0%, Standard matographic procedure in the Assay and in the test for Organic
solution Impurities, Procedure 1 is based on analyses per formed with the

Analysis Kromasil C18 brand of L1 column. The typical retention times
Samples:  Standard solution and Sample solution are about 6 min for trospium related compound B, 8 min for
Calculate the percentage of each impurity in the portion of trospium, and 22 min for trospium related compound A. Alter-
Tablets taken: natively, the Lichrospher RP8-Select B brand of L7 column can

be used, with the typical retention times of about 7 min for
 Result = (r U/rS) × (CS/CU) × (1/F) × 100 trospium related compound B, 10 min for trospium, and 19 min

for trospium related compound A. The TLC procedure in the testrU = peak response of trandolapril in the Sample solu- for Organic Impurities, Procedure 2 is intended to quantify thetion trospium chloride related compound C not detected by therS = peak response of USP T randolapril RS in the HPLC procedure, and is based on analyses per formed with highStandard solution performance thin-layer LiChrospher Si 60F254 plates. The R F val-CS = concentration of the Standard solution (µg/mL) ues for trospium and trospium chloride related compound C areCU = concentration of the Sample solution (µg/mL) about 0.31 and 0.11, respectively.F = relative response factor (see Impurity Table 1)

(MD-GRE: E. Gonikberg.) RTS—C78572
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Acceptance criteria:  98.0%–102.0% on the dried basisAdd the following:

IMPURITIES
Inorganic Impurities■Trospium Chloride
• RESIDUE ON IGNITION 〈281〉

Sample:  1 g
Acceptance criteria:  NMT 0.1%

Organic Impurities
• PROCEDURE 1

Mobile phase:  Proceed as directed in the Assay.
Standard solution:  0.01 mg/mL of USP T rospium Chloride
RS, and 0.003 mg/mL each of USP T rospium Chloride Re-
lated Compound A RS and USP T rospium Chloride Related
Compound B RS in Mobile phase

Sample solution:  3.0 mg/mL of T rospium Chloride in Mobile
phaseC25H30ClNO3 427.96 Chromatographic system:  Proceed as directed in the Assay,Spiro [8-azoniabicyclo[3.2.1]octane-8,1′-pyrrolidinium], 3- except for the following parameters:[(hydroxydiphenylacetyl)oxy]-, chloride, (1α, 3α, 5α); Injection size:  20 µL3α-Hydroxyspiro[1αH,5αH-nortropane-8,1′-pyrrolidinium] chloride Run time:  At least 3 times the retention time of trospiumbenzilate; System suitability(1R,3r,5S)-3-[(Hydroxydiphenylacetyl)oxy]spiro[8-azoniabicyclo Sample:  Standard solution[3.2.1]octane-8,1′-pyrrolidinium] chloride [10405-02-4]. Suitability requirements

Resolution:  NLT 3 between trospium chloride relatedDEFINITION
compound B and trospiumTrospium Chloride contains NL T 98.0% and NMT 102.0% of

AnalysisC25H30ClNO3, calculated on the dried basis.
Samples:  Standard solution and Sample solution
Calculate the percentage of trospium chloride related com-IDENTIFICATION
pounds A and B in the portion of T rospium Chloride taken:• A. INFRARED ABSORPTION 〈197K〉

• B. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  Meets the
Result = (r U/rS) × (CS/CU) × 100requirements

rU = peak response of the relevant trospium chlorideASSAY
related compound from the Sample solution• PROCEDURE

rS = peak response of the relevant trospium chlorideMobile phase:  Acetonitrile, triethylamine, phosphoric acid,
related compound from the Standard solutionand water (300:1:3:700)

CS = concentration of the relevant trospium chlorideStandard solution:  0.6 mg/mL of USP T rospium Chloride RS
related compound in the Standard solutionin Mobile phase
(mg/mL)System suitability solution:  0.01 mg/mL of USP T rospium

CU = concentration of Trospium Chloride in the Sam-Chloride RS, and 0.003 mg/mL each of USP T rospium Chlo-
ple solution (mg/mL)ride Related Compound A RS and USP T rospium Chloride Re-

Calculate the percentage of any other individual impurity inlated Compound B RS in Mobile phase
the portion of Trospium Chloride taken:Sample solution:  0.6 mg/mL of T rospium Chloride in Mobile

phase
Result = (r U/rS) × (CS/CU) × 100Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
rU = peak response of each individual impurity fromMode:  LC

the Sample solutionDetector:  UV 215 nm
rS = peak response of trospium chloride related com-Column:  4.6-mm × 25-cm; 5-µm packing L1. (Alternatively,

pound B from the Standard solutiona 4.6-mm × 25-cm column that contains 5- µm packing L7
CS = concentration of USP T rospium Chloride Relatedmay be used.)

Compound B RS in the Standard solutionColumn temperature:  40°
(mg/mL)Flow rate:  1 mL/min

CU = concentration of Trospium Chloride in the Sam-Injection size:  10 µL
ple solution (mg/mL)System suitability

 [NOTE—Reporting level for impurities is 0.05%.]Samples:  System suitability solution and Standard solution
Acceptance criteriaSuitability requirements

Individual impurities:  See Impurity Table 1.Resolution:  NLT 3 between trospium chloride related
Total impurities:  NMT 0.5%compound B and trospium, from System suitability solution

Relative standard deviation:  NMT 0.85% for six replicate
injections, from Standard solution Impurity Table 1

Analysis
Relative AcceptanceSamples:  Standard solution and Sample solution

Name Retention Criteria,Calculate the percentage of C 25H30ClNO3 in the portion of
Time NMT (%)Trospium Chloride taken:

Trospium chloride re-
0.7–0.8 0.15Result = (r U/rS) × (CS/CU) × 100 lated compound B a

Trospium 1.0 —
rU = peak response from the Sample solution

a (1R,3r,5S)-8-Azabicyclo[3.2.1]octan-3-yl hydroxydiphenylacetate.rS = peak response from the Standard solution
 CS = concentration of USP T rospium Chloride RS in

the Standard solution (mg/mL)
CU = concentration of Trospium Chloride in the Sam-

ple solution (mg/mL)
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Impurity Table 1 (Continued) USP Trospium Chloride Related Compound C RS
Azoniaspironortropanol chloride

Relative Acceptance [(1R,3r,5S)-3-hydroxyspiro[8-azoniabicyclo[3.2.1]octane-8,1′-
Name Retention Criteria, pyrrolidinium]]

Time NMT (%) (C11H20ClNO 217.74)■2S (USP34)
Benzilic acid (trospium
chloride related com- 1.9–2.8 0.15
pound A)

BRIEFINGAny other individual
— 0.10

impurity
a (1R,3r,5S)-8-Azabicyclo[3.2.1]octan-3-yl hydroxydiphenylacetate.

Valganciclovir Hydrochloride,  USP 32 page 3834. On the 
basis of supporting data received, in the test for Enantiomeric
Purity of Valganciclovir it is proposed to revise the system suitabil-

• PROCEDURE 2: LIMIT OF TROSPIUM CHLORIDE RELATED COMPOUND ity resolution requirement from NL T 3.5 to NL T 2.5 because of
C the short column life needed to meet this requirement. In addi-
Standard solution:  0.1 mg/mL of USP T rospium Chloride tion, based on the new information, the limit for the “unidenti-
Related Compound C RS in methanol fied” impurity in Impurity Table 1 has also been revised to in-

Sample solution:  100 mg/mL of T rospium Chloride in clude only those impurities from the test for Organic Impurities,
methanol Procedure 2. Additionally, an impurity at relative retention time

System suitability solution:  0.5 mg/mL of USP T rospium of 1.66 (homologue of valganciclovir) is further clarified as an
Chloride RS and 0.5 mg/mL USP T rospium Chloride Related unidentified impurity. Minor editorial changes in Impurity Table 1
Compound C RS in methanol were also made for further clarification.

Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode:  TLC

(MD-AA: B. Davani.) RTS—C85431Plate:  0.25-mm layer of chromatographic silica gel
mixture

Application volume:  10 µL
Developing distance:  Two-thirds of the length of the Valganciclovir Hydrochlorideplate
Developing solvent system:  Acetonitrile, glacial acetic
acid, and hydrochloric acid (45:1:3.5)

Spray reagent 1:  Use Dragendor ff’s TS.
Spray reagent 2:  5 g/L of sodium nitrite in water

System suitability
 Sample:  System suitability solution

Suitability requirements
Resolution:  The chromatogram shows two clearly visible C14H22N6O5 · HCl 390.82
and separated spots. L-Valine, ester with 9-[[2-hydroxy-1-(hydroxymethyl)ethoxy]-

Analysis methyl]guanine, monohydrochloride;
Samples:  Standard solution and Sample solution L-Valine, 2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl)
Allow the spots to dr y in a current of warm air until the methoxy]-3-hydroxypropyl ester, monohydrochloride
odor of acetic acid is no longer per ceptible. Spray the plate [175865-59-5].
with Spray reagent 1 and subsequently with Spray reagent

DEFINITION2.
Valganciclovir Hydrochloride contains NL T 97.0% and NMTAcceptance criteria:  Any spot from the Sample solution cor-

102.0% of C 14H22N6O5 · HCl, calculated on the anhydrous andresponding to trospium chloride related compound C is not
solvent-free basis.more intense than the corresponding spot from the Standard

solution (0.1%).
IDENTIFICATION
• A. INFRARED ABSORPTION 〈197K〉SPECIFIC TESTS
• B. ULTRAVIOLET ABSORPTION 〈197U〉• LOSS ON DRYING 〈731〉:  Dry it at 105 ° to constant weight: it

Sample solution:  10 µg/mL in methanolloses NMT 0.5% of its weight.
• C. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  A 50 µg/mL• PH 〈791〉

sample solution in water meets the requirements.Sample solution:  10 mg/mL of T rospium Chloride in carbon-
dioxide-free water

ASSAYAcceptance criteria:  5.0–7.0 • PROCEDURE
Buffer:  11.5 mg/mL of monobasic ammonium phosphate inADDITIONAL REQUIREMENTS
water. Adjust with phosphoric acid (85%) to a pH of 2.8 ± 0.2• PACKAGING AND STORAGE:  Protect from light. Store at room
before final dilution.temperature.

Mobile phase:  Methanol and Buffer (2:23)• USP REFERENCE STANDARDS 〈11〉
System suitability solution:  0.2 mg/mL of USP V alganciclovirUSP Trospium Chloride RS
Hydrochloride RS and 0.01 mg/mL of USP Methox-USP Trospium Chloride Related Compound A RS
ymethylguanine RS in 0.001 N hydrochloric acidBenzilic acid

Standard solution:  0.2 mg/mL of USP V alganciclovir Hydro-(C14H12O3  228.24) [76-93-7].
chloride RS in 0.001 N hydrochloric acidUSP Trospium Chloride Related Compound B RS

Sample solution:  0.2 mg/mL of V alganciclovir HydrochlorideNortropane benzilate
in 0.001 N hydrochloric acid[(1R,3r,5S)-8-azabicyclo[3.2.1]octan-3-yl

Chromatographic systemhydroxydiphenylacetate]
(See Chromatography 〈621〉, System Suitability.)(C21H23NO3 337.41)
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Mode:  LC Carrier gas:  Helium
Detector:  UV 254 nm Temperatures
Column:  4.6-mm × 15-cm; packing L1 Injector:  250°
Column temperature:  25° Detector:  300°
Flow rate:  1 mL/min Column:  See the temperature program table below.
Injection size:  20 µL

System suitability Hold Time at
Initial Temperature FinalSamples:  Standard solution and System suitability solution Final

Temperature Ramp TemperatureSuitability requirements Temperature
(°) (°/min) (°)Resolution:  NLT 1.0 between the first peak of val- (min)

ganciclovir and the methoxymethylguanine peak; NL T 3.0
40 — 40 10between the two peaks for valganciclovir ( R and S esters of
40 25 240 —L-valine), System suitability solution

Column efficiency:  NLT 8000 theoretical plates, using the
[NOTE—Condition the column at 240 ° after each injectionsecond peak of valganciclovir, System suitability solution for approximately 15 min.]Tailing factor:  NMT 1.4 for the second peak of val- Flow rate:  10.5 mL/minganciclovir, System suitability solution Injection size:  0.5 µLRelative standard deviation:  NMT 1.0% for the sum of Injection type:  Split ratio (1:15)the two peaks for valganciclovir diastereomers, Standard System suitabilitysolution. Sample:  Standard solutionAnalysis Suitability requirementsSamples:  Standard solution and Sample solution Resolution:  NLT 8 between 1,4-dioxane and tolueneCalculate the percentage of C 14H22N6O5 · HCl in the portion Column efficiency:  NLT 6000 theoretical plates, usingof Valganciclovir Hydrochloride taken: the 1,4-dioxane peak
Relative standard deviation:  NMT 15%, for the area ra-Result = (r U/rS) × (CS/CU) × 100
tios of the isopropyl alcohol peak to the 1,4-dioxane peak

AnalysisrU = peak area response (sum of two peaks for val-
Samples:  Standard solution and Sample solutionganciclovir diastereomers) from the Sample so-
Calculate the percentages of isopropyl alcohol in the portionlution
of Valganciclovir Hydrochloride taken:rS = peak area response (sum of two peaks for val-

ganciclovir diastereomers) from the Standard
Result = (R U/RS) × (CS/CU) × 100solution

CS = concentration of USP V alganciclovir Hydrochlo- RU = peak area ratio of isopropyl alcohol to internalride RS in the Standard solution (mg/mL) standard from the Sample solutionCU = concentration of Valganciclovir Hydrochloride in RS = peak area ratio of isopropyl alcohol to internalthe Sample solution (mg/mL) standard from the Standard solutionAcceptance criteria:  97.0%–102.0% on the anhydrous and CS = concentration of isopropyl alcohol in the Stan-solvent-free basis dard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)IMPURITIES

Acceptance criteria:  NMT 1.0%Inorganic Impurities
• PROCEDURE 2• RESIDUE ON IGNITION 〈281〉

Solution A:  Use the Buffer prepared as directed in the Assay.Sample:  1 g
Solution B:  Use methanol.Acceptance criteria:  NMT 0.10%
Mobile phase:  See the gradient table below.• HEAVY METALS, Method I 〈231〉:  20 ppm

Time Solution A Solution BChange to read:
(min) (%) (%)

0 92 8
Organic Impurities 5 92 8
• PROCEDURE 1: LIMIT OF ISOPROPYL ALCOHOL 15 80 20

Internal standard solution:  100 µL of 1,4-dioxane diluted 30 30 70
to 100.0 mL with dimethylformamide

Standard stock solution:  Transfer 1.0 mL of isopropyl alco- [NOTE—Equilibrate the column with starting Mobile phase for
hol and 0.1 mL of toluene to a 100-mL volumetric flask, and at least 15 min between injections.]
dilute with dimethylformamide to volume. System suitability solution and Sample solution:  Prepare
[NOTE—Toluene is used to verify the system suitability.] as directed in the Assay.

Standard solution:  Combine 2.0 mL of the Internal standard Chromatographic system
solution and 0.1 mL of the Standard stock solution. (See Chromatography 〈621〉, System Suitability.)

Sample solution:  Transfer 90–100 mg of V alganciclovir Hy- Mode:  LC
drochloride to a vial, add 2.0 mL of the Internal standard Detector:  UV 254 nm
solution, and mix. Column:  4.6-mm × 15-cm; packing L1

Chromatographic system Column temperature:  25°
(See Chromatography 〈621〉, System Suitability.) Flow rate:  1 mL/min
Mode:  GC Injection size:  20 µL
Detector:  Flame ionization System suitability
Column:  0.53-mm × 30-m capillar y column coated with Sample:  System suitability solution
3.0-µm phase G43 [NOTE—The typical retention time for the second peak of

valganciclovir is between 5 and 8.5 min.]
Suitability requirements
Resolution:  NLT 1.0 between the first peak of val-
ganciclovir and the methoxymethylguanine peak; NL T 3.0
between the two peaks for valganciclovir ( R and S esters
of L-valine)
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Column efficiency:  NLT 8000 theoretical plates, using Chromatographic system
the second peak of valganciclovir (See Chromatography 〈621〉, System Suitability.)

Tailing factor:  NMT 1.4 for the second peak of Mode:  LC
valganciclovir Detector:  UV 254 nm

Analysis Column:  4.6-mm × 15-cm; packing L11
Samples:  Standard solution and Sample solution Column temperature:  30°
[NOTE—The approximate relative retention times for each Flow rate:  1 mL/min
individual impurity are listed in Impurity Table 1.] Injection size:  20 µL

Calculate the percentage of each impurity in the portion of System suitability
Valganciclovir Hydrochloride taken: Sample:  System suitability solution

[NOTE—The typical retention time for the second peak of
Result = [(r U/F)/(ΣrU/F) + r V] × 100 valganciclovir is between 6 and 9 min.]

Suitability requirements
rU = peak area response for each impurity in the Resolution:  NLT 1.3 between the two peaks for val-

Sample solution ganciclovir (R and S esters of L-valine)
F = relative response factor (see Impurity Table 1) Column efficiency:  NLT 8000 theoretical plates, using
rV = peak response for valganciclovir (sum of two the second peak of valganciclovir

peaks for valganciclovir diastereomers) from Tailing factor:  NMT 1.2 for the second peak of
the Sample solution valganciclovir

Acceptance criteria:  See Impurity Table 1. Analysis
• PROCEDURE 3 Sample:  Sample solution

Solution A:  Dilute 2.5 mL of triethylamine with water to Calculate the percentage of ganciclovir mono- N-methyl
1000 mL, and adjust with trifluoroacetic acid to a pH of 3.0 valinate impurity in the portion of V alganciclovir Hydro-
± 0.05. Pass this solution through a filter of 0.45- µm pore chloride taken:
size.

Solution B:  Use methanol. Result = (r U/rT) × 100
Mobile phase:  See the gradient table below.

rU = sum of the area responses of ganciclovir mono-
N-methyl valinate impurity (diastereomers) inTime Solution A Solution B
the Sample solution(min) (%) (%)

rT = sum of the responses of all the peaks in the
0 93 7 Sample solution

10 93 7 Acceptance criteria
20 70 30 Individual impurities:  See Impurity Table 1.

Total impurities (Procedure 2 + Procedure 3):  NMT
System suitability solution and Sample solution:  Prepare as 3.0%
directed in the Assay.

Impurity Table 1

Relative Relative Acceptance
Procedure Retention Response Criteria,

Component Common Name Number Time Factor NMT (%)
Valganciclovir Valganciclovir 2, 3 1.00 1.00 —
Aa Ganciclovir 2 0.42 1.4 1.5
Ba Guanine 2 0.28 1.9 0.25
Ca Methoxymethylguanine 2 0.81 1.0 0.3
Da,b Isovalganciclovir 2 1.26 1.0 0.5
Ea Monoacetoxyganciclovir 2 1.36 1.3 0.15

F (other identified impurity) ■Identi- Bis-valine easter of ganciclovir ■Bis- 2 1.61 0.71 0.1
fied■2S (USP34) valine ester of ganciclovir ■2S (USP34)

Homologue of valganciclovir 2 1.66 1.0 0.25Ga,b■(Unidentified)■2S (USP34)

H — 2 1.47 1.3 0.1
I — 2 1.52 1.4 0.1

Ganciclovir monopropionateJ (other identified impurity) ■Identi- 2 2.09 1.1 0.15
fied■2S (USP34)

Ka Valganciclovir dimer (stereoisomer
2 2.49 1.0 0.1

A)
La Valganciclovir dimer (stereoisomer

2 2.52 1.0 0.1
B)

Ma Valganciclovir dimer (stereoisomer
2 2.54 1.0 0.1

C)
Na,b Ganciclovir mono-N-methyl

3 1.2 1.0 0.3
valinate

0.1 individual;
Other identified impurity — 2 — 1.0

0.25 total
2 and 3 0.1 individual;Unidentified impurity■Other un- — — 1.0

0.25 totalidentified impurity■2S (USP34) ■2■2S (USP34)

a Specified impurity.
b Reported as the sum of diastereomers.
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SPECIFIC TESTS BRIEFING
• WATER DETERMINATION, Method I 〈921〉

Sample:  100 mg
Acceptance criteria:  NMT 8.0% Zaleplon.  Because there is no existing USP monograph for this

• DIASTEREOMER RATIO drug substance, a new monograph is proposed, based on vali-
Analysis:  Using the chromatogram in the test for Organic Im- dated methods of analyses. The liquid chromatographic proce-
purities, Procedure 2, calculate the per centage of valganciclovir dure for the Assay is based on analyses per formed with an
(R and S esters of L-valine): Hypersil ODS brand of L1 column. The typical retention time for

zaleplon is 5 min. The liquid chromatographic procedure in the
Result = [r A/(rA + r B)] × 100 test for Organic Impurities is based on analyses per formed with

an Hypersil BDS brand of L1 column. The typical retention times
for zaleplon, zaleplon related compound A, and zaleplon relatedResult = [r B/(rA + r B)] × 100 compound B are 17, 10, and 18.3 min, respectively.

rA = peak response for valganciclovir ( R ester of L-val-
ine)

rB = peak response for valganciclovir ( S ester of L-val- (MD-PP: H. Ramanathan, R. Ravichandran.) RTS—C73269
ine)

Acceptance criteria:  The diastereomer ratio is 45:55 to
55:45.

Change to read: Add the following:

• ENANTIOMERIC PURITY OF VALGANCICLOVIR ■Zaleplon
Mobile phase:  16.2 g/L of perchloric acid in water

[NOTE—Pass this solution through a filter of 0.5- µm or finer
pore size.]

System suitability solution:  0.2 mg/mL of USP V alganciclovir
Hydrochloride RS and 0.02 mg/mL of USP D-Valganciclovir RS
in 0.001 N hydrochloric acid

Sample solution:  0.2 mg/mL of V alganciclovir Hydrochloride
C17H15N5O 305.33in 0.001 N hydrochloric acid
Acetamide, N-[3-(3-cyanopyrazolo[1,5-α]pyrimidin-7-yl)phenyl]-N-Chromatographic system

ethyl-;(See Chromatography 〈621〉, System Suitability.)
3′-(3-Cyanopyrazolo[1,5-α]pyrimidin-7-yl)-N-ethylacetanilideMode:  LC

[151319-34-5].Detector:  UV 254 nm
Column:  4.0-mm × 15-cm; packing L66

DEFINITIONColumn temperature:  Ambient
Zaleplon contains NLT 98.0% and NMT 102.0% of C 17H15N5O,Flow rate:  0.8 mL/min

calculated on the anhydrous basis.Injection size:  20 µL
System suitability IDENTIFICATIONSample:  System suitability solution • A. INFRARED ABSORPTION 〈197K〉Suitability requirements • B.  The retention time of the major peak of the Sample solu-Resolution:  NLT 3.5■2.5■2S (USP34) between the second peak tion corresponds to that of the Standard solution, as obtainedof the D-valine ester pair and the first peak of the val- in the Assay.ganciclovir pair

Column efficiency:  NLT 1800 theoretical plates, using the ASSAY
second peak of valganciclovir • PROCEDURE

Analysis Buffer:  0.3 g/L of ammonium formate in water. Adjust with
Sample:  Sample solution formic acid to a pH of 4.0.
Calculate the enantiomeric purity as a per centage: Mobile phase:  Acetonitrile and Buffer (7:18)

Diluent:  Acetonitrile and water (1:1)
Result = [r S/(rS + r IM)] × 100 System suitability solution:  0.5 mg/mL of USP Zaleplon RS

and 0.5 µg/mL each of USP Zaleplon Related Compound A RSrS = sum of the peak responses of valganciclovir ( R and USP Zaleplon Related Compound B RS in Diluentand S esters of L-valine) Standard solution:  50 µg/mL of USP Zaleplon RS in DiluentrIM = sum of the peak responses of the enantiomeric Sample solution:  50 µg/mL of Zaleplon in Diluentimpurities (R and S esters of D-valine) Chromatographic systemAcceptance criteria:  NLT 97.0% (See Chromatography 〈621〉, System Suitability.)
Mode:  LCADDITIONAL REQUIREMENTS
Detector:  UV 245 nm• PACKAGING AND STORAGE:  Preserve in tight containers. Store at
Column:  4-mm × 10-cm; 3-µm packing L125°, excursions permitted between 15 ° and 30 °.
Flow rate:  1 mL/min• USP REFERENCE STANDARDS 〈11〉
Injection size:  10 µLUSP Methoxymethylguanine RS
Run time:  2 times the retention time of zaleplonUSP D-Valganciclovir RS

System suitabilityUSP Valganciclovir Hydrochloride RS
Samples:  System suitability solution and Standard solution
Suitability requirements

[NOTE—The relative retention times for zaleplon and
zaleplon related compound B are 1.0 and 1.2,
respectively.]

Resolution:  NLT 2.0 between zaleplon and zaleplon re-
lated compound B, System suitability solution
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Tailing factor:  NMT 1.5, Standard solution F = relative response factor for the corresponding
Relative standard deviation:  NMT 1.0%, Standard impurity peak, from Impurity Table 1
solution Acceptance criteria

Analysis Individual impurities:  See Impurity Table 1.
Samples:  Standard solution and Sample solution Total impurities:  NMT 0.5%
Calculate the percentage of C 17H15N5O in the portion of
Zaleplon taken: Impurity Table 1

Result = (r U/rS) × (CS/CU) × 100 Relative Relative Acceptance
Retention  Response Criteria,

rU = peak response of zaleplon from the Sample solu- Name Time Factor NMT (%)
tion Cyanopyrazolaminea 0.18 1.0 0.10

rS = peak response of zaleplon from the Standard so-
Zaleplon related 0.58 0.76 0.10lution
compound Ab

CS = concentration of USP Zaleplon RS in the Stan-
Zaleplon 1.0 — —dard solution (µg/mL)
Zaleplon related 1.08 0.92 0.10CU = concentration of Zaleplon in the Sample solution
 compound B c(µg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis Any unspecified — 1.0 0.10
individual impurity

IMPURITIES a 3-Aminopyrazole-4-carbonitrile.Inorganic Impurities b (E)-N-{3-[3-(Dimethylamino)acryloyl]phenyl}-N-ethylacetamide.• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm c N-[3-(3-Cyanopyrazolo[1,5-α]pyrimidin-5-yl)phenyl]-N-ethylacetamide.• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
Organic Impurities
• PROCEDURE

SPECIFIC TESTSDiluent:  Acetonitrile and water (1:1)
• WATER DETERMINATION, Method I 〈921〉:  NMT 2.0%Solution A:  Use the Buffer in the Assay.

Solution B:  Acetonitrile ADDITIONAL REQUIREMENTSMobile phase:  See the gradient table below. • PACKAGING AND STORAGE:  Preserve in light-resistant containers,
and store at room temperature.

• USP REFERENCE STANDARDS 〈11〉Time Solution A Solution B
USP Zaleplon RS (min)  (%)  (%)
USP Zaleplon Related Compound A RS0 80 20
[(E)-N-{3-[3-(dimethylamino)acryloyl]phenyl}-N-11.0 68 32
ethylacetamide]

17.0 60 40 (C15H20N2O2 260.33)
30.0 60 40 USP Zaleplon Related Compound B RS
31.0 80 20 [N-[3-(3-cyanopyrazolo[1,5-α]pyrimidin-5-yl)phenyl]-N-

ethylacetamide]35.0 80 20
(C17H15N5O 305.33)■2S (USP34)

System suitability solution:  Proceed as directed in the
Assay.

BRIEFINGStandard solution:  0.5 µg/mL of USP Zaleplon RS in Diluent
Sample solution:  0.5 mg/mL of Zaleplon in Diluent
Chromatographic system
(See Chromatography 〈621〉, System Suitability.) Zaleplon Capsules.  Because there is no existing USP mono-
Mode:  LC graph for this drug product, a new monograph is proposed,
Detector:  UV 245 nm based on validated methods of analyses. The liquid chromato-
Column:  4.6-mm × 25-cm; 5-µm packing L1 graphic procedure for the Assay and the test for Organic Impuri-
Flow rate:  1 mL/min ties is based on analyses per formed with an Hypersil BDS brand
Injection size:  10 µL of L1 column. The typical retention times for zaleplon and

System suitability zaleplon related compound B are 21.3 and 22.4 min,
Samples:  System suitability solution and Standard solution respectively.
Suitability requirements
Resolution:  NLT 14.0 between zaleplon related com-
pound A and zaleplon; NL T 2.0 between zaleplon and (MD-PP: H. Ramanathan, R. Ravichandran.  BPC:  M. Marques.)zaleplon related compound B, System suitability solution RTS—C74457Relative standard deviation:  NMT 5.0%, Standard
solution

Analysis
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the
portion of Zaleplon taken: Add the following:

Result = (r U/rS) × (CS/CU) × (1/F) × 100
■Zaleplon Capsules

rU = peak response of an individual impurity from the
Sample solution DEFINITION

rS = peak response of zaleplon from the Standard so- Zaleplon contains NLT 90.0% and NMT 110.0% of C 17H15N5O,
lution calculated on the anhydrous basis.

CS = concentration of USP Zaleplon RS in the Stan-
dard solution (mg/mL)

CU = concentration of Zaleplon in the Sample solution
(mg/mL)
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IDENTIFICATION Analytical wavelength:  333 nm
• A. ULTRAVIOLET ABSORPTION 〈197U〉 Path length:  1 cm

Diluent:  Acetonitrile and water (1:4) Blank:   Medium
Standard solution:  0.1 mg/mL of USP Zaleplon RS in Diluent Analysis
Sample solution:  Use the Sample solution in the Assay. Samples:  Standard solution and Sample solution

• B.  The retention time of the major peak of the Sample solu- Calculate the percentage of zaleplon dissolved:
tion corresponds to that of the Standard solution, as obtained

Result = (A U/AS) × (CS/L) × V × 100in the Assay.

ASSAY AU = absorbance of the Sample solution
• PROCEDURE AS = absorbance of the Standard solution

Solution A:  0.3 g/L of ammonium formate in water CS = concentration of the Standard solution (mg/mL)
Solution B:  Acetonitrile L = Capsule label claim (mg)
Diluent:  Acetonitrile and water (1:4) V = volume of Medium, 900 mL
Mobile phase:  See the gradient table below. Tolerances:   NLT 85% (Q) of the labeled amount of zaleplon

is dissolved.
• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

Time Solution A Solution B
 (min)  (%)  (%) IMPURITIES

0 95 5 Organic Impurities
• PROCEDURE30 50 50

Diluent, Mobile phase, Sample solution, and Chromato-31 95 5
graphic system:  Proceed as directed in the Assay.

Standard stock solution:  0.5 mg/mL of USP Zaleplon RS in
Standard solution:  0.1 mg/mL of USP Zaleplon RS in Diluent Diluent
Sample solution:  0.1 mg/mL of zaleplon in Diluent from NLT System suitability solution:  0.5 µg/mL of USP Zaleplon Re-
5 Capsules. Pass through a filter of 0.45- µm pore size. [ NOTE— lated Compound B RS in Standard stock solution
Use the entire Capsule with its contents. Shake for 10 min.] Sensitivity solution:  0.05 µg/mL of USP Zaleplon RS in Dilu-

Chromatographic system ent, from Standard stock solution
(See Chromatography 〈621〉, System Suitability.) Standard solution:  0.1 mg/mL of USP Zaleplon RS in Dilu-
Mode:  LC ent, from Standard stock solution
Detector:  UV 240 nm System suitability
Column:  4.6-mm × 25-cm; 5-µm packing L1 Samples:  System suitability solution and Sensitivity solution
Column temperature:  30° Suitability requirements
Flow rate:  1.4 mL/min Signal-to-noise ratio:  NLT 10 for the zaleplon peak, Sen-
Injection size:  15 µL sitivity solution

System suitability Resolution:  NLT 1.5 between zaleplon and zaleplon re-
Sample:   Standard solution lated compound B, System suitability solution
Suitability requirements Tailing factor:  NMT 1.5 for the zaleplon peak, System

Tailing factor:  NMT 1.5 suitability solution
Relative standard deviation:  NMT 2.0% Relative standard deviation:  NMT 2.0% for the zaleplon

Analysis peak, System suitability solution
Samples:   Standard solution and Sample solution Analysis
Calculate the percentage of C 17H15N5O in the portion of Cap- Samples:   Standard solution and Sample solution
sules taken: Calculate the percentage of any individual impurity in the

portion of Capsules taken:
Result = (r U/rS) × (CS/CU) × 100

Result = (r U/rS) × (CS/CU) × 100
rU = peak response from the Sample solution
rS = peak response from the Standard solution rU = peak response of an individual impurity from
CS = concentration of USP Zaleplon RS in the Stan- the Sample solution

dard solution (mg/mL) rS = peak response of USP Zaleplon RS from the
CU = nominal concentration of zaleplon in the Sample Standard solution

solution (mg/mL) CS = concentration of USP Zaleplon RS in the Stan-
Acceptance criteria:  90.0%–110.0% on the anhydrous basis dard solution (mg/mL)

CU = nominal concentration of zaleplon in the Sample
PERFORMANCE TESTS solution (mg/mL)
• DISSOLUTION Acceptance criteria

Medium:  Water; 900 mL Individual impurities:  See Impurity Table 1.
Apparatus 2:  75 rpm, with sinkers Total impurities:  NMT 0.2%
Time:  20 min
Standard stock solution:  11 mg of USP Zaleplon RS in a

Impurity Table 1250-mL volumetric flask, add 25.0 mL of methanol to dissolve.
Dilute with Medium to volume. [ NOTE—This solution is stable Relative Acceptance
for 7 days.] Retention Criteria,

Standard solution:  Dilute the Standard stock solution with Name Time NMT (%)
Medium to obtain a final concentration of L/1000 mg/mL, Cyanopyrazolaminea,* 0.16 —
where L is the Capsule label claim in mg. [ NOTE—This solution

Zaleplon related compound A b,* 0.76 —is stable for 7 days.]
Zaleplon 1.0 —Sample solution:  Pass a portion of the solution under test

through a suitable filter of 0.45- µm pore size. a 3-Aminopyrazole-4-carbonitrile.
b (E)-N-{3-[3-(Dimethylamino)acryloyl]phenyl}-N-ethylacetamide.
c N-[3-(3-Cyanopyrazolo[1,5-α]pyrimidin-5-yl)phenyl]-N-ethylacetamide.
* Included for peak identification purposes only.
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Impurity Table 1 (Continued) Standard solution B:  10 mg/mL of USP Powdered Centella
asiatica Extract RS in methanol. Sonicate for about 10 min,

Relative Acceptance centrifuge, and use the supernatant.
Retention Criteria, Sample solution:  About 0.5 g of Centella asiatica, finely pow-

Name Time NMT (%) dered, in 5 mL of methanol. Sonicate for 10 min, centrifuge,
Zaleplon related compound B c,* 1.05 — and use the supernatant.
Any individual unspecified — 0.1 Developing solvent system:  A mixture of methylene chlo-
impurity ride, methanol, and water (14:6:1)

Spray reagent:  A solution of 10% sulfuric acid in methanol.a 3-Aminopyrazole-4-carbonitrile.
[NOTE—Prepare fresh.]b (E)-N-{3-[3-(Dimethylamino)acryloyl]phenyl}-N-ethylacetamide.

Application volume:  10 µL (TLC plates) or 4 µL (HPTLCc N-[3-(3-Cyanopyrazolo[1,5-α]pyrimidin-5-yl)phenyl]-N-ethylacetamide.
plates)* Included for peak identification purposes only.

Analysis
Samples:  Standard solution A, Standard solution B, and Sam-
ple solutionADDITIONAL REQUIREMENTS Apply the samples as bands to a suitable thin-layer chromat-• PACKAGING AND STORAGE:  Preserve in light-resistant containers. ographic plate (see Chromatography 〈621〉). Use a saturatedStore at controlled room temperature. chamber. Develop the chromatograms until the solvent• USP REFERENCE STANDARDS 〈11〉 front has moved up about 90% of the plate. Remove theUSP Zaleplon RS plate from the chamber, dr y, spray with Spray reagent, heatUSP Zaleplon Related Compound B RS for 3 min at 120 °, and examine under visible light.[N-[3-(3-cyanopyrazolo[1,5-α]pyrimidin-5-yl)phenyl]-N- Acceptance criteria:  The Sample solution exhibits a violetethylacetamide] band in the lower third of the plate due to asiaticoside, corre-(C17H15N5O 305.33)■2S (USP34) sponding in color and R F to that in Standard solution A; a

violet band due to madecassoside at an R F lower than that of
asiaticoside; and two additional violet bands in the upper third
of the plate due to asiatic acid and madecassic acid. Bands
detected in the Sample solution correspond in position andDIETARY SUPPLEMENTS—
color to bands in Standard solution B. Other minor bands may
be observed in the Sample solution and Standard solution B.MONOGRAPHS

• B.  The Sample solution from the test for Content of Triterpene
Derivatives shows a peak at the retention time corresponding
to that of asiaticoside in Standard solution A. Identify other
triterpene derivative peaks in the Sample solution by compari-
son with the chromatogram of Standard solution B and the

BRIEFING Reference Chromatogram provided with the lot of USP Pow-
dered Centella asiatica Extract RS being used. The Sample solu-
tion shows additional peaks corresponding to madecassoside

Centella asiatica;  Powdered Centella asiatica; Powdered and asiaticoside B (these two peaks may co-elute), madecassic
Centella asiatica Extract; and Centella asiatica Triterpenes. acid, terminolic acid, and asiatic acid.
New USP monographs are proposed. The liquid chromato-

COMPOSITIONgraphic procedure in the test for Content of Triterpene Derivatives
• CONTENT OF TRITERPENE DERIVATIVESis based on analyses per formed with the Zorbax SB C18 brand

Solution A:  Dilute 3 mL of phosphoric acid with water toof L1 column, with 5- µm packing. The typical retention times
1000 mL, mix, filter, and degas.observed are about 10.8, 11.0, 15.2, 36.5, 37.1, and 47.5 min

Solution B:  Acetonitrilefor madecassoside, asiaticoside B, asiaticoside, madecassic acid,
Standard solution A:  0.05 mg/mL of USP Asiaticoside RS interminolic acid, and asiatic acid, respectively.
methanol

Standard solution B:  Sonicate a portion of USP Powdered
Centella asiatica Extract RS in methanol to obtain a solution

(DSB: M. Sharaf.) RTS—C66617 with a concentration of about 5.0 mg/mL. Before injection,
pass through a membrane filter of 0.45- µm or finer pore size,
discarding the first few mL of the filtrate.

Sample solution:  Transfer about 1.0 g of Centella asiatica,
finely powdered and accurately weighed, to a Soxhlet appara-
tus, add 100 mL of methanol, extract for 8 h, cool, and diluteAdd the following:
with methanol to 100 mL. Pass through a membrane filter of
0.45-µm or finer pore size, discarding the first few mL of the
filtrate. Dilute 5.0 mL of the filtrate with methanol to 10.0■Centella asiatica
mL. [NOTE—Use a thimble of a suitable size such that the vol-
ume of methanol used in the Soxhlet extraction is at leastDEFINITION
twice the volume of the thimble.]Centella asiatica consists of the dried aerial parts of Centella asiat-

Mobile phase:  See the gradient table below.ica (L.) Urb. [Syn: Hydrocotyle asiatica L.] (Fam. Apiaceae). It is
also known in commer ce as gotu kola. It contains NL T 2.0% of
triterpene derivatives, calculated on the dried basis. Time Solution A Solution B

 (min)  (%) (%)IDENTIFICATION
0 78 22• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

65 45 55Adsorbent:  Chromatographic silica gel with an average parti-
cle size of 10–15 µm (TLC plates) or with an average particle 66 5 95
size of 5 µm (HPTLC plates) 75 5 95

Standard solution A:  0.5 mg/mL of USP Asiaticoside RS in 76 78 22
methanol

85 78 22
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Chromatographic system • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
 (See Chromatography 〈621〉, System Suitability.) PLEMENTS 〈2021〉:  The total aerobic bacterial count does not
Mode:  LC exceed 105 cfu/g, the total combined yeasts and molds count
Detector:  UV 200 nm does not exceed 10 3 cfu/g, and the bile-tolerant Gram-nega-
Column:  4.6-mm × 25-cm; 5 µm packing L1 tive bacteria does not exceed 10 3 cfu/g.
Flow rate:  1.0 mL/min • ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE-
Injection size:  10 µL TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the

System suitability tests for absence of Salmonella species and Escherichia coli
Samples:  Standard solution A and Standard solution B

SPECIFIC TESTSSuitability requirements
• BOTANIC CHARACTERISTICSChromatogram similarity:  The chromatogram from Stan-

Macroscopic:  Stem is slender, yellowish-brown, with long in-dard solution B is similar to the Reference Chromatogram
ternodes, rooting at nodes; leaves are grayish-green, simple,provided with the lot of USP Powdered Centella asiatica
alternate or grouped together at the nodes, reniform or ob-Extract RS being used.
long-elliptic, have palmate venation, usually with 7 veins, apexTailing factor:  Between 0.8 and 2.0 for the asiaticoside
obtuse, margin crenate, base cordate, variable in size, 1–4 cmpeak, Standard solution A
long, 2–4 cm and sometimes up to 7 cm wide, young leavesRelative standard deviation:  NMT 2.0% determined from
show a few trichomes on the lower sur face while adult leavesthe asiaticoside peak in repeated injections, Standard solu-
are glabrous; petioles are long, grooved, base wider andtion A
sheathing; the inflorescence, if present, is a single umbel, con-Resolution:  NLT 1.5 between the madecassic acid and
sists of 3 flowers, rarely 2 or 4; the flowers are ver y smallterminolic acid peaks, Standard solution B
(about 2 mm), pentamerous, and have an inferior ovar y; theAnalysis
fruit, brownish-grey, orbicular cremocarp, up to 5 mm long, isSamples:  Standard solution A, Standard solution B, and Sam-
very flattened laterally and has 7–9 prominent cur ved ridges.ple solution
Pharmacopeial article is green to yellowish-green masses com-[NOTE—Standard solution A, Standard solution B, and the
posed mostly of leaves and stems fragments; odor slight; tasteSample solution are stable for 48 h at room temperature.]
slightly bitter to sweet.Using the chromatograms of Standard solution A, Standard

Histologysolution B, and the Reference Chromatogram provided with
Transverse section of stems:  Epidermal layer, subroundedthe lot of USP Powdered Centella asiatica Extract RS being
or subsquare cells; 2–4 layers of collenchyma cells; 6–8 layersused, identify the retention times of the peaks correspond-
of thin-wall parenchyma cells with inter cellular spaces; 6–7ing to different triterpene derivatives. The approximate rela-
collateral vascular bundles, xylem vessels radially arranged,tive retention times of the different triterpene derivatives are
slightly lignified fiber groups occurring outside the phloem;provided in the following table:
pith large, composed of thin-wall parenchyma cells; secretor y
canals, composed of 5–7 secretor y cells, obser ved in cortex

Approximate Relative and medullary rays.Analyte
Retention Time Transverse section of leaves:  Upper and lower epidermis;

Madecassoside 0.71 mesophyll composed of parenchyma cells, some contain
crystals of calcium oxalate; 2–3 layers of collenchyma presentAsiaticoside B 0.72
in the midrib region next to both epidermal layers; vascularAsiaticoside 1.00
bundles in the center with xylem on the ventral side andMadecassic acid 2.40 phloem on the dorsal side. T ransverse section of petioles has

Terminolic acid 2.44 a U-shape, showing an upper and a lower epidermis, fol-
Asiatic acid 3.12 lowed by 2–3 layers of collenchyma next to both epidermal

layers; a broad parenchymatous zone, some cells contain
crystals of calcium oxalate; 7 vascular bundles forming a U-Separately calculate the per centages of the sum of madecas- shape in the parenchymatous zone with the two present insoside and asiaticoside B (these two peaks may co-elute), the projecting arms being less developed.asiaticoside, the sum of madecassic acid and terminolic acid, • LOSS ON DRYING 〈731〉:  Dry 1.0 g of finely powdered Centellaand asiatic acid in the portion of Centella asiatica taken us- asiatica at 105 ° for 2 h: it loses NMT 12.0% of its weight.ing the formula: • ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 12%,

determined on 1.0 g of finely powdered Centella asiaticaResult = (r U/rS) × (CS/CU) × F × 100 • ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT
3.5%rU = peak response of the triterpene derivative(s)

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter 〈561〉:from the Sample solution
NMT 7.0%, of which NMT 5.0% of underground organs andrS = peak response(s) of asiaticoside from Standard
NMT 2% of other foreign mattersolution A

CS = concentration of USP Asiaticoside RS in Standard ADDITIONAL REQUIREMENTSsolution A (mg/mL) • PACKAGING AND STORAGE:  Preserve in well-closed containers,CU = concentration of Centella asiatica in the Sample protected from light and moisture, and store at roomsolution (mg/mL) temperature.F = conversion factors for analytes (1.00 for asiatico- • LABELING:  The label states the Latin binomial and, followingside, 1.017 for the sum of madecassoside and the official name, the parts of the plant contained in theasiaticoside B, 0.526 for the sum of madecassic article.acid and terminolic acid, and 0.509 for asiatic • USP REFERENCE STANDARDS 〈11〉acid) USP Asiaticoside RSAcceptance criteria:  Add the per centages of different USP Powdered Centella asiatica Extract RS ■2S (USP34)triterpene derivatives; NLT 2.0% on the dried basis.

CONTAMINANTS
• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm
• ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi-

dues Analysis 〈561〉:  Meets the requirements
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BRIEFING Solution B:  Acetonitrile
Standard solution A:  0.05 mg/mL of USP Asiaticoside RS in
methanol

Standard solution B:  Sonicate a portion of USP Powdered Powdered Centella asiatica.  See briefing under Centella
Centella asiatica Extract RS in methanol to obtain a solutionasiatica.
with a concentration of about 5.0 mg/mL. Before injection,
pass through a membrane filter of 0.45- µm or finer pore size,
discarding the first few mL of the filtrate.

(DSB: M. Sharaf.) RTS—C66618 Sample solution:  Transfer about 1.0 g of Powdered Centella
asiatica, accurately weighed, to a Soxhlet apparatus, add 100
mL of methanol, extract for 8 h, cool, and dilute with metha-
nol to 100 mL. Pass through a membrane filter of 0.45- µm or
finer pore size, discarding the first few mL of the filtrate. Di-
lute 5.0 mL of the filtrate with methanol to 10.0 mL. [ NOTE—Add the following:
Use a thimble of a suitable size such that the volume of meth-
anol used in the Soxhlet extraction is at least twice the vol-
ume of the thimble.]■Powdered Centella asiatica

Mobile phase:  See the gradient table below.
DEFINITION
Powdered Centella asiatica is Centella asiatica reduced to a pow- Time Solution A Solution B

der or ver y fine powder. It contains NL T 2.0% of triterpene  (min)  (%) (%)
derivatives, calculated on the dried basis. 0 78 22

65 45 55IDENTIFICATION
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 66 5 95

Adsorbent:  Chromatographic silica gel with an average parti- 75 5 95
cle size of 10–15 µm (TLC plates) or with an average particle 76 78 22
size of 5 µm (HPTLC plates)

85 78 22Standard solution A:  0.5 mg/mL of USP Asiaticoside RS in
methanol

Standard solution B:  10 mg/mL of USP Powdered Centella Chromatographic system
asiatica Extract RS in methanol. Sonicate for about 10 min,  (See Chromatography 〈621〉, System Suitability.)
centrifuge, and use the supernatant. Mode:  LC

Sample solution:  About 0.5 g of Powdered Centella asiatica Detector:  UV 200 nm
in 5 mL of methanol. Sonicate for 10 min, centrifuge, and use Column:  4.6-mm × 25-cm; 5-µm packing L1
the supernatant. Flow rate:  1.0 mL/min

Developing solvent system:  A mixture of methylene chlo- Injection size:  10 µL
ride, methanol, and water (14:6:1) System suitability

Spray reagent:  A solution of 10% sulfuric acid in methanol. Samples:  Standard solution A and Standard solution B
[NOTE—Prepare fresh.] Suitability requirements

Application volume:  10 µL (TLC plates) or 4 µL (HPTLC Chromatogram similarity:  The chromatogram from Stan-
plates) dard solution B is similar to the Reference Chromatogram

Analysis provided with the lot of USP Powdered Centella asiatica
Samples:  Standard solution A, Standard solution B, and Sam- Extract RS being used.
ple solution Tailing factor:  Between 0.8 and 2.0 for the asiaticoside
Apply the samples as bands to a suitable thin-layer chromat- peak, Standard solution A
ographic plate (see Chromatography 〈621〉). Use a saturated Relative standard deviation:  NMT 2.0% determined from
chamber. Develop the chromatograms until the solvent the asiaticoside peak in repeated injections, Standard solu-
front has moved up about 90% of the plate. Remove the tion A
plate from the chamber, dr y, spray with Spray reagent, heat Resolution:  NLT 1.5 between the madecassic acid and
for 3 min at 120 °, and examine under visible light. terminolic acid peaks, Standard solution B

Acceptance criteria:  The Sample solution exhibits a violet Analysis
band in the lower third of the plate due to asiaticoside, corre- Samples:  Standard solution A, Standard solution B, and Sam-
sponding in color and R F to that in Standard solution A; a ple solution
violet band due to madecassoside at an R F lower than that of [NOTE—Standard solution A, Standard solution B, and Sample
asiaticoside; and two additional violet bands in the upper third solution are stable for 48 h at room temperature.]
of the plate due to asiatic acid and madecassic acid. Bands Using the chromatograms of Standard solution A, Standard
detected in the Sample solution correspond in position and solution B, and the Reference Chromatogram provided with
color to bands in Standard solution B. Other minor bands may the lot of USP Powdered Centella asiatica Extract RS being
be observed in the Sample solution and Standard solution B. used, identify the retention times of the peaks correspond-

• B.  The Sample solution from the test for Content of Triterpene ing to different triterpene derivatives. The approximate rela-
Derivatives shows a peak at the retention time corresponding tive retention times of the different triterpene derivatives are
to that of asiaticoside in Standard solution A. Identify other provided in the following table:
triterpene derivative peaks in the Sample solution by compari-
son with the chromatogram of Standard solution B and the

Approximate RelativeReference Chromatogram provided with the lot of USP Pow- Analyte
Retention Timedered Centella asiatica Extract RS being used. The Sample solu-

Madecassoside 0.71tion shows additional peaks corresponding to madecassoside
and asiaticoside B (these two peaks may co-elute), madecassic Asiaticoside B 0.72
acid, terminolic acid, and asiatic acid. Asiaticoside 1.00

Madecassic acid 2.40COMPOSITION
Terminolic acid 2.44• CONTENT OF TRITERPENE DERIVATIVES

Solution A:  Dilute 3 mL of phosphoric acid with water to Asiatic acid 3.12
1000 mL, mix, filter, and degas.
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Separately calculate the per centages of the sum of madecas- BRIEFING
soside and asiaticoside B (these two peaks may co-elute),
asiaticoside, the sum of madecassic acid and terminolic acid,
and asiatic acid in the portion of Powdered Centella asiatica  Powdered Centella asiatica Extract.  See briefing under
taken using the formula: Centella asiatica.

Result = (r U/rS) × (CS/CU) × F × 100

(DSB: M. Sharaf.) RTS—C66619rU = peak response(s) of the triterpene derivative(s)
from the Sample solution

rS = peak response of asiaticoside from Standard solu-
tion A

CS = concentration of USP Asiaticoside RS in Standard
solution A (mg/mL) Add the following:

CU = concentration of Powdered Centella asiatica in
the Sample solution (mg/mL)

F = conversion factors for analytes (1.00 for asiatico- ■Powdered Centella asiatica Extract
side, 1.017 for the sum of madecassoside and
asiaticoside B, 0.526 for the sum of madecassic DEFINITIONacid and terminolic acid, and 0.509 for asiatic Powdered Centella asiatica Extract is prepared from Centella asiat-acid) ica by extraction with alcohol, methanol, acetone, or a mixtureAcceptance criteria:  Add the per centages of different of these solvents. The ratio of plant material to extract is be-triterpene derivatives; NLT 2.0% on the dried basis. tween 65:1 and 30:1. It contains NL T 90.0% and NMT 110.0%

of the labeled amount of triterpene derivatives, the labeledCONTAMINANTS
amount of triterpene derivatives is NMT 40%, calculated on the• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm
dried basis as the sum of madecassoside, asiaticoside B, asiat-• ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi-
icoside, madecassic acid, terminolic acid, and asiatic acid. Itdues Analysis 〈561〉:  Meets the requirements
may contain suitable added substances as carriers.• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-

PLEMENTS 〈2021〉:  The total aerobic bacterial count does not IDENTIFICATIONexceed 105 cfu/g, the total combined yeast and mold count • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉does not exceed 10 3 cfu/g, and the bile-tolerant Gram-nega- Adsorbent:  Chromatographic silica gel with an average parti-tive bacteria does not exceed 10 3 cfu/g. cle size of 10–15 µm (TLC plates) or with an average particle• ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE- size of 5 µm (HPTLC plates)
TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the Standard solution A:  0.5 mg/mL of USP Asiaticoside RS intests for absence of Salmonella species and Escherichia coli methanol

Standard solution B:  10 mg/mL of USP Powdered CentellaSPECIFIC TESTS
asiatica Extract RS in methanol. Sonicate for about 10 min,• BOTANIC CHARACTERISTICS:  Greenish-grey to greenish-brown in
centrifuge, and use the supernatant.color; odor slight; taste slightly bitter to sweet. Under a micro-

Sample solution:  Transfer an amount of Powdered Centellascope, factions of epidermal cells of the leaves with irregular
asiatica Extract equivalent to about 5 mg of triterpene deriva-striated cuticle, showing anisocytic, some paracytic and rarely
tives to a centrifuge tube, add 5 mL of methanol, sonicate foranomocytic stomata; epidermal cells of young leaves showing
10 min, centrifuge, and use the supernatant.unicellular, occasionally multicellular, non-glandular trichomes;

Developing solvent system:  A mixture of methylene chlo-secretory canals composed of 5–7 secretor y cells; parenchyma
ride, methanol, and water (14:6:1)cells some showing prisms or rosettes of calcium oxalate; bun-

Spray reagent:  A solution of 10% sulfuric acid in methanol.dles of narrow septate fibers from the stem; spiral vessels; frag-
[NOTE—Prepare fresh.]ments of the fruits, layers of wide cells in a parquetr y arrange-

Application volume:  10 µL (TLC plates) or 4 µL (HPTLCment, annular vessels, parenchyma cells containing simple or
plates)compound starch granules.

Analysis• LOSS ON DRYING 〈731〉:  Dry 1.0 g of Powdered Centella asiatica
Samples:  Standard solution A, Standard solution B, and Sam-at 105° for 2 h: it loses NMT 12.0% of its weight.
ple solution• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 12%,
Apply the samples as bands to a suitable thin-layer chromat-determined on 1.0 g of Powdered Centella asiatica
ographic plate (see Chromatography 〈621〉). Use a saturated• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT
chamber. Develop the chromatograms until the solvent3.5%
front has moved up about 90% of the plate. Remove the
plate from the chamber, dr y, spray with the Spray reagent,ADDITIONAL REQUIREMENTS
heat for 3 min at 120 °, and examine under visible light.• PACKAGING AND STORAGE:  Preserve in well-closed containers,

Acceptance criteria:  The Sample solution exhibits a violetprotected from light and moisture, and store at room
band in the lower third of the plate due to asiaticoside, corre-temperature.
sponding in color and R F to that in Standard solution A; a• LABELING:  The label states the Latin binomial and, following
violet band due to madecassoside at an R F lower than that ofthe official name, the parts of the plant contained in the
asiaticoside; and two additional violet bands in the upper thirdarticle.
of the plate due to asiatic acid and madecassic acid. Bands• USP REFERENCE STANDARDS 〈11〉
detected in the Sample solution correspond in position andUSP Asiaticoside RS
color to bands in Standard solution B. Other minor bands mayUSP Powdered Centella asiatica Extract RS ■2S (USP34)
be observed in the Sample solution and Standard solution B.

• B.  The Sample solution from the test for Content of Triterpene
Derivatives shows a peak at the retention time corresponding
to that of asiaticoside in Standard solution A. Identify other
triterpene derivative peaks in the Sample solution by compari-
son with the chromatogram of Standard solution B and the
Reference Chromatogram provided with the lot of USP Pow-
dered Centella asiatica Extract RS being used. The Sample solu-
tion shows additional peaks corresponding to madecassoside
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and asiaticoside B (these two peaks may co-elute), madecassic Approximate Relative
Analyteacid, terminolic acid, and asiatic acid. Retention Time

Asiaticoside 1.00COMPOSITION
Madecassic acid 2.40• CONTENT OF TRITERPENE DERIVATIVES
Terminolic acid 2.44Solution A:  Dilute 3 mL of phosphoric acid with water to

1000 mL, mix, filter, and degas. Asiatic acid 3.12
Solution B:  Acetonitrile
Standard solution A:  0.1 mg/mL of USP Asiaticoside RS in

Separately calculate the per centages of the sum of madecas-methanol
soside and asiaticoside B (these two peaks may co-elute),Standard solution B:  Sonicate a portion of USP Powdered
asiaticoside, the sum of madecassic acid and terminolic acid,Centella asiatica Extract RS in methanol to obtain a solution
and asiatic acid in the portion of Powdered Centella asiaticawith a concentration of about 5.0 mg/mL. Before injection,
Extract taken using the formula:pass through a membrane filter of 0.45- µm or finer pore size,

discarding the first few mL of the filtrate.
Result = (r U/rS) × (CS/CU) × F × 100Sample solution:  Sonicate a portion of Powdered Centella

asiatica Extract in methanol to obtain a solution with a con-
rU = peak response(s) of the triterpene derivative(s)centration of about 5.0 mg/mL. Before injection, pass through

from the Sample solutiona membrane filter of 0.45- µm or finer pore size, discarding
rS = peak response of asiaticoside from Standard solu-the first few mL of the filtrate.

tion AMobile phase:  See the gradient table below.
CS = concentration of USP Asiaticoside RS in Standard

solution A (mg/mL)
Time Solution A Solution B CU = concentration of Powdered Centella asiatica Ex-

 (min)  (%) (%) tract in the Sample solution (mg/mL)
F = conversion factors for analytes (1.00 for asiatico-0 78 22

side, 1.017 for the sum of madecassoside and65 45 55
asiaticoside B, 0.526 for the sum of madecassic66 5 95 acid and terminolic acid, and 0.509 for asiatic

75 5 95 acid)
76 78 22 Acceptance criteria:  Add the per centages of different
85 78 22 triterpene derivatives; NLT 90.0% and NMT 110.0% of the

labeled amount of triterpene derivatives, the labeled amount
of triterpene derivatives is NMT 40%, calculated on the dried

Chromatographic system basis.
 (See Chromatography 〈621〉, System Suitability.)
Mode:  LC CONTAMINANTS
Detector:  UV 200 nm • HEAVY METALS, Method III 〈231〉:  NMT 20 ppm
Column:  4.6-mm × 25-cm; 5 µm packing L1 • ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi-
Flow rate:  1.0 mL/min dues Analysis 〈561〉:  Meets the requirements
Injection size:  10 µL • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-

System suitability PLEMENTS 〈2021〉:  The total aerobic microbial count does not
Samples:  Standard solution A and Standard solution B exceed 104 cfu per g. The total combined yeast and mold
Suitability requirements count does not exceed 10 3 cfu per g.

Chromatogram similarity:  The chromatogram from Stan- • ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE-
dard solution B is similar to the Reference Chromatogram TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the
provided with the lot of USP Powdered Centella asiatica tests for absence of Salmonella species and Escherichia coli
Extract RS being used.

SPECIFIC TESTSTailing factor:  Between 0.8 and 2.0 for the asiaticoside
• LOSS ON DRYING 〈731〉:  Dry 1.0 g of Powdered Centella asiaticapeak, Standard solution A

Extract at 105 ° for 2 h: it loses NMT 5% of its weight.Relative standard deviation:  NMT 2.0% determined from
the asiaticoside peak in repeated injections, Standard solu-

ADDITIONAL REQUIREMENTStion A
• PACKAGING AND STORAGE:  Preserve in well-closed containers,Resolution:  NLT 1.5 between the madecassic acid and

protected from light and moisture, and store at controlledterminolic acid peaks, Standard solution B
room temperature.Analysis

• LABELING:  The label states the Latin binomial and, followingSamples:  Standard solution A, Standard solution B, and Sam-
the official name, the part of the plant from which the articleple solution
was derived. It meets other labeling requirements under Botan-[NOTE—Standard solution A, Standard solution B, and Sample
ical Extracts 〈565〉.solution are stable for 48 h at room temperature.]

• OTHER REQUIREMENTS:  Meets the requirements of the test forUsing the chromatograms of Standard solution A, Standard
Residual Solvents under Botanical Extracts 〈565〉solution B, and the Reference Chromatogram provided with

• USP REFERENCE STANDARDS 〈11〉the lot of USP Powdered Centella asiatica Extract RS being
USP Asiaticoside RSused, identify the retention times of the peaks correspond-
USP Powdered Centella asiatica Extract RS ■2S (USP34)ing to different triterpene derivatives. The approximate rela-

tive retention times of the different triterpene derivatives are
provided in the following table:

Approximate Relative
Analyte

Retention Time
Madecassoside 0.71
Asiaticoside B 0.72
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BRIEFING Reference Chromatogram provided with the lot of USP Pow-
dered Centella asiatica Extract RS being used. The Sample solu-
tion shows additional peaks corresponding to some or all of
the following: madecassoside and asiaticoside B (these two Centella asiatica Triterpenes.  See briefing under Centella
peaks B may co-elute), madecassic acid, terminolic acid, andasiatica.
asiatic acid.

COMPOSITION
(DSB: M. Sharaf.) RTS—C88093 • CONTENT OF TRITERPENE DERIVATIVES

Solution A:  Dilute 3 mL of phosphoric acid with water to
1000 mL, mix, filter, and degas.

Solution B:  Acetonitrile
Standard solution A:  0.2 mg/mL of USP Asiaticoside RS in
methanolAdd the following:

Standard solution B:  Sonicate a portion of USP Powdered
Centella asiatica Extract RS in methanol to obtain a solution
with a concentration of about 5.0 mg/mL. Before injection,■Centella asiatica Triterpenes
pass through a membrane filter of 0.45- µm or finer pore size,
discarding the first few mL of the filtrate.DEFINITION Sample solution:  About 1.0 mg/mL Centella asiaticaCentella asiatica Triterpenes is a fraction enriched in Centella asiat- Triterpenes in methanol, sonicate if necessar y. Before injection,ica triterpenes derivatives. It is prepared from Centella asiatica pass through a membrane filter of 0.45- µm or finer pore size,Extract using suitable solvents or other means. It contains NL T discarding the first few mL of the filtrate.90.0% of triterpene derivatives, calculated on the anhydrous Mobile phase:  See the gradient table below.basis, as the sum of two or more of the following: madecasso-

side, asiaticoside B, asiaticoside, madecassic acid, terminolic
acid, and asiatic acid. Time Solution A Solution B

 (min)  (%) (%)
IDENTIFICATION 0 78 22• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

65 45 55Adsorbent:  Chromatographic silica gel with an average parti-
66 5 95cle size of 10–15 µm (TLC plates) or with an average particle
75 5 95size of 5 µm (HPTLC plates)

Standard solution A:  0.5 mg/mL of USP Asiaticoside RS in 76 78 22
methanol 85 78 22

Standard solution B:  10 mg/mL of USP Powdered Centella
asiatica Extract RS in methanol. Sonicate for about 10 min,
centrifuge, and use the supernatant. Chromatographic system

Sample solution:  Transfer an amount of Centella asiatica  (See Chromatography 〈621〉, System Suitability.)
Triterpenes equivalent to about 5 mg of triterpene derivatives Mode:  LC
to a centrifuge tube, add 5 mL of methanol, sonicate for 10 Detector:  UV 200 nm
min, centrifuge, and use the supernatant. Column:  4.6-mm × 25-cm; 5 µm packing L1

Developing solvent system:  A mixture of methylene chlo- Flow rate:  1.0 mL/min
ride, methanol, and water (14:6:1) Injection size:  10 µL

Spray reagent:  A solution of 10% sulfuric acid in methanol. System suitability
[NOTE—Prepare fresh.] Chromatogram similarity:  The chromatogram from Stan-

Application volume:  10 µL (TLC plates) or 4 µL (HPTLC dard solution B is similar to the Reference Chromatogram pro-
plates) vided with the lot of USP Powdered Centella asiatica Extract

Analysis RS being used.
Samples:  Standard solution A, Standard solution B, and Sam- Samples:  Standard solution A and Standard solution B
ple solution Suitability requirements
Apply the samples as bands to a suitable thin-layer chromat- Tailing factor:  Between 0.8 and 2.0 for the asiaticoside
ographic plate (see Chromatography 〈621〉). Use a saturated peak, Standard solution A
chamber. Develop the chromatograms until the solvent Relative standard deviation:  NMT 2.0% determined from
front has moved up about 90% of the plate. Remove the the asiaticoside peak in repeated injections, Standard solu-
plate from the chamber, dr y, spray with Spray reagent, heat tion A
for 3 min at 120 °, and examine under visible light. Resolution:  NLT 1.5 between the madecassic acid and

Acceptance criteria:  The Sample solution exhibits a violet terminolic acid peaks, Standard solution B
band in the lower third of the plate due to asiaticoside, corre- Analysis
sponding in color and R F to that in Standard solution A. The Samples:  Standard solution A, Standard solution B, and Sam-
Sample solution shows additional bands corresponding to ple solution
some or all of the following triterpene derivatives: a violet [NOTE—Standard solution A, Standard solution B, and Sample
band due to madecassoside at an R F lower than that of asiat- solution are stable for 48 h at room temperature.]
icoside; a violet band in the upper third of the plate due to Using the chromatograms of Standard solution A, Standard
asiatic acid, and a violet band due to madecassic acid at an R F solution B, and the Reference Chromatogram provided with
lower than that of asiatic acid. Bands detected in the Sample the lot of USP Powdered Centella asiatica Extract RS being
solution correspond in position and color to bands in Standard used, identify the retention times of the peaks correspond-
solution B. Other minor bands may be obser ved in the Sample ing to different triterpene derivatives. The approximate rela-
solution and Standard solution B. tive retention times of the different triterpene derivatives are

• B.  The Sample solution from the test for Content of Triterpene provided in the following table:
Derivatives shows a peak at the retention time corresponding
to that of asiaticoside in Standard solution A. Identify other
triterpene derivative peaks in the Sample solution by compari-
son with the chromatogram of the Standard solution B and the
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phosphine gas has been removed for safety reasons and theApproximate Relative
Analyte remaining two procedures will be incorporated and labeled asRetention Time

Identification tests A and B. The revision to Identification Tests—Madecassoside 0.71
General 〈191〉 has been delayed to allow other Expert Commit-

Asiaticoside B 0.72 tees time to evaluate the impact of changes associated with
Asiaticoside 1.00 monographs referencing Identification Tests—General, Sodium
Madecassic acid 2.40 〈191〉.
Terminolic acid 2.44
Asiatic acid 3.12

(EM1: R. Lafaver.) RTS—C89675

Separately calculate the per centages of the triterpene deriva-
tives in the portion of Centella asiatica Triterpenes taken us-
ing the formula: Hypophosphorous Acid

Result = (r U/rS) × (CS/CU) × F × 100
H3PO2 66.00

rU = peak response(s) of the triterpene derivative(s) Phosphinic acid;
from the Sample solution Hypophosphorous acid [6303-21-5].

rS = peak response ofasiaticoside from Standard solu-
DEFINITIONtion A
Hypophosphorous Acid contains NL T 30.0% and NMT 32.0% ofCS = concentration of USP Asiaticoside RS in Standard

H3PO2.solution A (mg/mL)
CU = concentration of Centella asiatica Triterpenes in

IDENTIFICATIONthe Sample solution (mg/mL)
F = conversion factors for analytes (1.00 for asiatico-

side, 1.017 for madecassoside, 1.017 for asiat- Delete the following:
icoside B, 0.526 for madecassic acid, 0.526 for
terminolic acid, and 0.509 for asiatic acid)

■• IDENTIFICATION TESTS—GENERAL, Hypophosphite 〈191〉:  MeetsAcceptance criteria:  Add the per centages of different
the requirements■2S (NF29)triterpene derivatives; NLT 90.0% on the anhydrous basis.

CONTAMINANTS
Add the following:• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm

• ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi-
dues Analysis 〈561〉:  Meets the requirements

■• A.  Hypophosphorous Acid yields a white precipitate with• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP- mercuric chloride TS. This precipitate becomes gray when an
PLEMENTS 〈2021〉:  The total aerobic microbial count does not excess of hypophosphite is present. ■2S (NF29)exceed 103 cfu per g. The total combined yeast and mold
count does not exceed 10 2 cfu per g.

• ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE- Add the following:
TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the
tests for absence of Escherichia coli

■• B.  Hypophosphorous Acid acidified with sulfuric acid and
SPECIFIC TESTS warmed with cupric sulfate TS yields a red precipitate. ■2S (NF29)
• WATER DETERMINATION, Method I 〈921〉:  NMT 5%

ASSAY
ADDITIONAL REQUIREMENTS • PROCEDURE
• PACKAGING AND STORAGE:  Preserve in well-closed containers, Sample solution:  Pour 7 mL of Hypophosphorous Acid into a

protected from light and moisture, and store at controlled tared, glass-stoppered flask, and weigh. Dilute with about 25
room temperature. mL of water, and add phenolphthalein TS.

• LABELING:  The label states the Latin binomial and, following Analysis:  Titrate with 1 N sodium hydroxide VS. Each mL of 1
the official name, the part of the plant from which the article N sodium hydroxide is equivalent to 66.00 mg of H 3PO2.
was derived. Acceptance criteria:  30.0%–32.0% of H 3PO2

• OTHER REQUIREMENTS:  Meets the requirements of the test for
IMPURITIESResidual Solvents under Botanical Extracts 〈565〉
Inorganic Impurities• USP REFERENCE STANDARDS 〈11〉
• HEAVY METALS, Method II 〈231〉USP Asiaticoside RS

Analysis:  Place 0.90 mL (1 g) of Hypophosphorous Acid in aUSP Powdered Centella asiatica Extract RS ■2S (USP34)
small beaker, and add 3 mL of water. Add 1 mL of nitric
acid, and evaporate on a steam bath to about 1 mL. Again
add 1 mL of nitric acid, and evaporate on a steam bath.
Dissolve the residue in 3 mL of water, add 6 N ammoniumNF MONOGRAPHS hydroxide until the solution is distinctly alkaline to litmus,
then boil gently until the odor of ammonia disappears. Add
2 mL of 1 N acetic acid and 15 mL of warm water, filter, and
dilute the filtrate with water to 25 mL.

Acceptance criteria:  NMT 20 ppm

BRIEFING SPECIFIC TESTS
• LIMIT OF BARIUM AND OXALATE

Sample solution:  Hypophosphorous Acid and water (1:3)
Hypophosphorous Acid,  USP 32 page 1255. On the basis of Analysis 1:  Neutralize 30 mL of the Sample solution with 6 N
comments received, it is proposed to change the Identification ammonium hydroxide: the mixture exhibits little or no precip-
test to align with the proposed changes to Identification Tests— itation. Filter, acidify 10 mL of the filtrate with hydrochloric
General 〈191〉, appearing in PF 36(3) [May–June 2010]. Specifi- acid, and add 2 mL of potassium sulfate TS.
cally, the procedure to heat hypophosphites to evolve
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Acceptance criteria 1:  No turbidity is produced (Barium). Acceptance criteria:  99.0%–101.0% on the anhydrous basis
Analysis 2:  To a 10-mL portion of the filtrate obtained in

IMPURITIESAnalysis 1, add 1 mL of calcium chloride TS.
Inorganic ImpuritiesAcceptance criteria 2:  The filtrate shows no turbidity upon
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%, determined on a 1.0-gthe addition of the calcium chloride TS (Oxalate).

portion
ADDITIONAL REQUIREMENTS • LIMIT OF IRON
• PACKAGING AND STORAGE:  Preserve in tight containers. Solution A:  Dissolve 9.7 g of potassium thiocyanate in 100

mL of water.
Diluted standard iron solution:  Immediately before use, di-
lute 1 volume of the Standard Iron Solution, prepared as di-

BRIEFING rected under Iron 〈241〉, with 9 volumes of water. [ NOTE—
This solution contains the equivalent of 1 µg/mL of iron.]

Standard solution:  Add 6 mL of water to 5 mL of Diluted
Maleic Acid,  NF 27 page 1273. As part of the USP moderniza- standard iron solution. Add 1 mL of diluted hydrochloric acid
tion effort, it is proposed to replace the existing non-specific and 0.05 mL of bromine TS. After 5 min, remove the excess
Identification test C with a more specific infrared spectroscopy of bromine with the aid of a current of air, add 3 mL of
test. Interested parties are encouraged to comment on the Solution A, and shake well.
proposal. Sample solution:  Dissolve 1 g of Maleic Acid in 10 mL of

water. Add 2 mL of diluted hydrochloric acid and 0.05 mL of
bromine TS. After 5 min, remove the excess of bromine with
the aid of a current of air, add 3 mL of Solution A, and shake(EM1: R. Lafaver.) RTS—C73549
well.

Analysis:  Allow the Standard solution and Sample solution to
stand for 5 min.

Acceptance criteria:  Any red color in the Sample solution isMaleic Acid
not more intense than that in the Standard solution (NMT 5
ppm).

• HEAVY METALS, Method II 〈231〉
Sample solution:  Transfer 1.0 g of Maleic Acid to a quartz
crucible and add 0.5 g of magnesium oxide. Ignite the cruci-
ble to dull redness until a homogeneous white or grayish-

 white mass is obtained. Ignite at 800 ° for 1 h, cool, and
dissolve the residue by adding two 5-mL portions of diluted

C4H4O4 116.07 hydrochloric acid. Add 0.1 mL of phenolphthalein TS, and
(Z)-Butenedioic acid; then add ammonium hydroxide until a pink color is ob-
cis-Butenedioic acid [110-16-7]. tained. Cool, add glacial acetic acid until the solution is de-

colorized, then add 0.5 mL of glacial acetic acid in excess,
DEFINITION and dilute with water to 20.0 mL.
Maleic Acid contains NL T 99.0% and NMT 101.0% of C 4H4O4, Standard solution:  To 0.5 g of magnesium oxide add 1.0

calculated on the anhydrous basis. mL of Standard Lead Solution, and evaporate to dr yness at
105° for 1 h. Following the procedure described for prepara-IDENTIFICATION
tion of the Sample solution, ignite, dissolve in diluted hydro-• A. PROCEDURE
chloric acid, add ammonia and then acetic acid, and diluteAnalysis:  Dissolve 500 mg of Maleic Acid in 10 mL of water.
with water to 20.0 mL.Acceptance criteria:  The pH of the solution is less than 2.

Blank:  Water, Sample solution (10:2)• B.  The principal spot from Sample solution B corresponds in
Analysis:  To 12 mL of the Sample solution add 2.0 mL of pHcolor, size, and R F value to that from Standard solution A, as
3.5 Acetate Buffer, mix, add to 1.2 mL of thioacet-obtained in the procedure for Limit of Fumaric Acid.
amide–glycerin base TS, and mix immediately.
To 10 mL of the Standard solution add 2.0 mL of the Sample

Change to read: solution and 2.0 mL of pH 3.5 Acetate Buffer, mix, add 1.2
mL of thioacetamide–glycerin base TS, and mix
immediately.

• C. PROCEDURE■INFRARED ABSORPTION 〈197K〉■2S (NF29) Compared to the Blank, the solution from the Standard solu-
Solution A:  3.5 mg/mL of resor cinol in sulfuric acid tion shows a light brown color. Dilute each of the solutions
Sample solution:  10 mg/mL of Maleic Acid from the Sample solution and Standard solution with water
Analysis 1:  To 0.3 mL of the Sample solution add 3 mL of to 50 mL, allow to stand for 2 min, and view downward
Solution A, and heat in a water bath for 15 min. over a white sur face.

Acceptance criteria 1:  No color develops. Acceptance criteria:  The color of the solution from the Sam-
Analysis 2:  To 3 mL of the Sample solution add 1 mL of bro- ple solution is not darker than that of the solution from the
mine TS, heat in a water bath for 15 min to remove the Standard solution (NMT 10 ppm).
bromine, then heat to boiling, and cool. T o 0.2 mL of this Organic Impurities
solution add 3 mL of Solution A, and heat in a water bath for • PROCEDURE: LIMIT OF FUMARIC ACID
15 min. Adsorbent:  0.25-mm layer of chromatographic silica gel

Acceptance criteria 2:  A violet-pink color develops. mixture
 ■

■2S (NF29) Standard solution A:  2 mg/mL of USP Maleic Acid RS in
acetoneASSAY Standard solution B:  1.5 mg/mL of USP Fumaric Acid RS in• PROCEDURE acetoneSample solution:  10 mg/mL of Maleic Acid System suitability solution:  Equal volumes of Standard solu-Analysis:  Titrate the Sample solution with 1 N sodium hydrox- tion A and Standard solution Bide VS, using phenolphthalein TS as the indicator. Each mL of Sample solution A:  100 mg/mL of Maleic Acid in acetone1 N sodium hydroxide is equivalent to 58.04 mg of C 4H4O4. Sample solution B:  2 mg/mL of Maleic Acid in acetone
from Sample solution A
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Developing solvent system:  Heptane, butanol, chloroform, Polyoxyl Lauryl Ether
and anhydrous formic acid (44:36:16:16)

Application volume:  10 µL for the System suitability solution
and 5 µL each for Standard solution A, Standard solution B,

Change to read:Sample solution A, and Sample solution B
Analysis

Samples:  Standard solution A, Standard solution B, System
■CH3(CH2)11(OCH2CH2)nOH, n = 3–23 ■2S (NF29)suitability solution, Sample solution A, and Sample solution B
Polyethylene glycol monolauryl ether [9002-92-0].Proceed as directed under Chromatography 〈621〉, Thin-Layer

Chromatography, using an unsaturated chamber. Dr y the
DEFINITIONplate at 100 ° for 15 min, and examine the plate under
Polyoxyl Lauryl Ether is a mixture of the monolaur yl ethers ofshort-wavelength UV light at 254 nm.

mixed polyethylene glycols, the average polymer length beingAcceptance criteria:  The chromatogram from the System
equivalent to NLT 3 and NMT 23 oxyethylene units (nominalsuitability solution exhibits two clearly separated spots, and
value). It contains various amounts of free laur yl alcohol, and itany spot corresponding to fumaric acid in the chromatogram
may contain some free polyethylene glycols.of Sample solution A does not exceed, in size or intensity, the

principal spot in the chromatogram of Standard solution B IDENTIFICATION
(NMT 1.5% fumaric acid). • A. INFRARED ABSORPTION 〈197F〉

Sample:  Use a thin film of melted Polyoxyl Laur yl Ether if theSPECIFIC TESTS
material is a solid.• COLOR AND CLARITY OF SOLUTION • B. PROCEDUREDilute hydrochloric acid solution:  Dilute 27.5 mL of hydro-

Sample:  0.1 gchloric acid with water to 1000 mL.
Analysis:  Dissolve or disperse the Sample in 5 mL of alcohol,Reference solution:  Mix 2.4 mL of ferric chloride CS and 0.6
and add 10 mL of diluted hydrochloric acid, 5 mL of bariummL of cobaltous chloride CS with Dilute hydrochloric acid solu-
chloride TS, and 10 mL of phosphomolybdic acid solution (1tion to make 10 mL. Dilute 5 mL of this solution with Dilute
in 10).hydrochloric acid solution to make 100 mL.

Acceptance criteria:  A precipitate is formed.Sample solution:  100 mg/mL of Maleic Acid
Analysis:  Place the Reference solution and the Sample solution
in matched color-comparison tubes, and compare the solu- Add the following:
tions by viewing them downward against a white sur face (see
Color and Achromicity 〈631〉).

■• C.  It meets the requirements of the test for Fats and FixedAcceptance criteria:  The Sample solution is clear and not
Oils 〈401〉, Hydroxyl Value.■2S (NF29)more intensely colored than the Reference solution.

• WATER DETERMINATION, Method I 〈921〉:  NMT 2.0%
IMPURITIES

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight glass containers, Change to read:protected from light. Store at room temperature.
• USP REFERENCE STANDARDS 〈11〉

USP Fumaric Acid RS Organic Impurities
USP Maleic Acid RS • PROCEDURE: LIMIT OF FREE ETHYLENE OXIDE AND DIOXANE

[CAUTION—Ethylene oxide is toxic and flammable. Prepare
these solutions in a well-ventilated fume hood, using great
care. Protect both hands and face by wearing polyethyleneBRIEFING
protective gloves and an appropriate face mask. Store all so-
lutions in hermetic containers, and refrigerate at a tempera-
ture between 4 ° and 8 °.]

Polyoxyl Lauryl Ether,  NF 27 page 1317. It is proposed to [NOTE—Before using the Polyethylene Glycol 200 in this test,
make the following revisions on the basis of comments and data remove any volatile components from it by placing 500 mL
received. Interested parties are encouraged to comment on the of Polyethylene Glycol 200 in a 1000-mL round-bottom flask,
proposal. attaching the flask to a rotar y evaporator, and evaporating at
1.  The chemical formula is provided. a temperature of 60 ° and under a vacuum of 10–20 mm Hg
2.  Data show that current USP Polyoxyl Laur yl Ether RS can- for 6 h. ]

not be used to identify polyoxyl 4 laur yl ether and polyoxyl Solution A:  10 µg/mL of acetaldehyde in water. [NOTE—
23 lauryl ether in the IR identification test. Change USP Prepare Solution A fresh just before use.
Polyoxyl Lauryl Ether RS to USP Polyoxyl 9 Laur yl Ether RS Ethylene oxide stock solution:  Fill a chilled pressure bottle
and introduce two more reference standards: USP Polyoxyl with liquid ethylene oxide, and store in a freezer when not in
4 Lauryl Ether RS and USP Polyoxyl 23 Laur yl Ether RS. The use. Use a small piece of polyethylene film to protect the
products with different oxyethylene units can be identified liquid from contact with the rubber gasket. T are a glass-stop-
by using their correponding USP reference standards. pered conical flask, add 50 mL of Polyethylene Glycol 200,

3.  An additional identity test based on the product’s Hydroxyl and reweigh the flask. T ransfer 5 mL of the liquid ethylene
Value is added to the Identification tests. oxide to a 100-mL beaker chilled in a mixture of sodium

4.  A new test chapter, Ethylene Oxide and Dioxane 〈228〉, was chloride and wet ice (1:3). Using a gas-tight syringe that has
proposed in PF 35(4) [July–Aug. 2009]. The detailed proce- been previously cooled to −10°, transfer 300 µL (correspond-
dure for Limit of Free Ethylene Oxide and Dioxane is deleted ing to 250 mg) of liquid ethylene oxide to the Polyethylene
from this monograph and is referred to the proposed chap- Glycol 200, and swirl gently to mix. Replace the stopper,
ter 〈228〉, Method I. reweigh the flask, and determine the amount of ethylene ox-

ide absorbed by weight difference. Adjust the weight of the
mixture with Polyethylene Glycol 200 to 100.0 g, replace the
stopper, and swirl gently to mix. This stock solution contains(EM2: H. Wang.) RTS—C72183
2.5 mg of ethylene oxide per g. [NOTE—Prepare this stock
solution fresh just before use, and store in a refrigerator.

Ethylene oxide solution:  Tare a glass-stoppered conical
flask, and chill it in a refrigerator. Add 35 mL of Polyethylene
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Glycol 200, and reweigh the flask. Using a gas-tight gas A = quantity of ethylene oxide added to Standard
chromatographic syringe that has been chilled in a refrigera- solution B (µg)
tor, transfer 1 g of the chilled Ethylene oxide stock solution to rU = peak response of ethylene oxide from the Sam-
the tared, conical flask. Adjust the weight of the solution ple solution
with Polyethylene Glycol 200 to 50.0 g, replace the stopper, rS = peak response of ethylene oxide from Standard
and swirl gently to mix. T ransfer 10 g of this solution to a solution B
50-mL volumetric flask. Add 30 mL of water. Dilute with WU = weights of the substance under test taken to
water to volume to obtain a solution containing 10 µg of prepare the Sample solution (g)
ethylene oxide per mL. [NOTE—Prepare this solution fresh just WS = weights of the substance to prepare Standard
before use, and store in a refrigerator. solution B (g)

Dioxane solution:  0.5 mg/mL of dioxane in water Acceptance criteria:  NMT 1 µg/g
Standard solution A:  Transfer 0.1 mL of Ethylene oxide solu- Calculate the concentration of dioxane, in µg/g in the por-
tion to a 10-mL pressure headspace vial, add 0.1 mL of Solu- tion of the substance under test taken:
tion A and 0.1 mL of Dioxane solution, and seal the vial.

Result = A DrU/5[(rSWU) – (r UWS)]Standard solution B:  Transfer 1.0 g of the substance under
test to another 10-mL pressure headspace vial, add 0.1 mL of

AD = amount of dioxane added to Standard solution BEthylene oxide solution, 0.1 mL of Dioxane solution, and 1.0
(µg)mL of N,N-dimethylacetamide, and seal the vial.

rU = dioxane peak response from the Sample solutionSample solution:  Transfer 1.0 g to a 10-mL pressure head-
rS = dioxane peak response from the Standard solu-space vial, add 1.0 mL of N,N-dimethylacetamide and 0.2

tion BmL of water, and seal the vial.
WU = weights of the substance under test taken toChromatographic system

prepare the Sample solution (g)(See Chromatography 〈621〉, System Suitability.)
WS = weights of the substance to prepare StandardMode:  GC

solution B (g)[NOTE—The use of a headspace apparatus that automati-
Acceptance criteriacally transfers a measured amount of headspace is
Ethylene oxide:  NMT 1 µg/gallowed.]
Dioxin:  NMT 10 µg/gDetector:  Flame ionization

■• PROCEDURE: LIMIT OF FREE ETHYLENE OXIDE AND DIOXANEColumn:  0.32-mm × 30-m glass or quartz capillar y col-
Analysis:  Proceed as directed in Ethylene Oxide and Dioxaneumn bonded with a 1.0- µm layer of phase G1
〈228〉, Method I.Temperature

Acceptance criteriaInjector:  150°
Ethylene oxide:  NMT 1 µg/g (ppm)Detector:  250°
Dioxane:  NMT 10 µg/g (ppm)■2S (NF29)Column:  See the temperature program table below.

SPECIFIC TESTS
Hold Time at • ALKALINITY

Initial Temperature Final Final Sample:  2.0 g of Polyoxyl Laur yl Ether
Temperature Ramp Temperature  Temperature Analysis:  Dissolve the Sample in a hot mixture of 10 mL of

(°) (°/min) (°) (min) alcohol and 10 mL of water. Add 0.05 mL of bromothymol
50 — 50 5 blue TS, and titrate with 0.1 N hydrochloric acid to a yellow

endpoint.50 5 180 —
Acceptance criteria:  NMT 0.5 mL of 0.1 N hydrochloric acid180 30 230 5
is required.

• APPEARANCE OF SOLUTION:  5.0 g of Polyoxyl Laur yl Ether inCarrier gas:  Helium flowing with a linear velocity of 20
50.0 mL of alcohol. The solution is not more intensely coloredcm/s
than a solution prepared immediately before use by mixing[NOTE—If the headspace apparatus is used, then an injec-
12.0 mL of ferric chloride CS, 5.0 mL of cobaltous chloride CS,tion time of 12 s and a transfer line temperature of 150 °
and 2.0 mL of cupric sulfate CS with dilute hydrochloric acidare recommended.]
(10 g/L) to make 50.0 mL, and diluting 12.5 mL of this solu-Injection size:  1 mL
tion with dilute hydrochloric acid (10 g/L) to make 100.0 mL.Injection type:  Split
Make the comparison by viewing the substance and the solu-Split ratio:  20:1
tion downward in matched color-comparison tubes against aSystem suitability
white surface (see Color and Achromicity 〈631〉).Sample:  Gaseous phase of Standard solution A

• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 0.2%,[NOTE—The relative retention times for acetaldehyde and
determined on 2.0 gethylene oxide are 0.94 and 1.0, respectively. ]

• FATS AND FIXED OILS, Acid Value 〈401〉:  NMT 1.0, determinedSuitability requirements
on 5.0 gResolution:  NLT 2.0 between acetaldehyde and ethylene

• FATS AND FIXED OILS, Hydroxyl Value 〈401〉:  Within the rangesoxide
specified in the accompanying tableSignal-to-noise ratio:  NLT 5 for dioxane peak

Relative standard deviation:  NMT 15%
Analysis Oxyethylene

Samples:  Gaseous headspace of Standard solution B and Units/Molecule
Sample solution (Nominal Value) Hydroxyl Value

Using a heated, gas-tight gas chromatographic syringe, sep- 3 165–185
arately inject equal volumes of the Samples, record the

4 145–165chromatograms, and measure the areas for the major
5 130–140peaks: the mean areas of the ethylene oxide and dioxane
9 90–100peaks from the Sample solution are not greater than half

the mean areas of the corresponding peaks from Standard 10 85–95
solution B. 12 73–83

Calculate the concentration of ethylene oxide, in µg/g, in 15 64–74
the portion of the substance under test taken:

20–23 40–60

A × rU/[(rS × WU) – (r U × WS)]
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• FATS AND FIXED OILS, Iodine Value 〈401〉:  NMT 2.0 IDENTIFICATION
• FATS AND FIXED OILS, Saponification Value 〈401〉:  NMT 3.0, de-

termined on 10.0 g Change to read:• WATER DETERMINATION, Method I 〈921〉:  NMT 3.0%

ADDITIONAL REQUIREMENTS • A. PROCEDURE■INFRARED ABSORPTION 〈197K〉■2S (NF29)• PACKAGING AND STORAGE:  Preserve in tight containers, and Sample solution:  100 mg/mL in alcoholstore in a cool, dr y place. Analysis:  Add a few drops of bromine TS to the Sample• LABELING:  Label it to indicate the average nominal number of solution.oxyethylene units. Acceptance criteria:  The color is discharged.
■

■2S (NF29)

Change to read: • B.  A 1-in-400,000 solution in isopropyl alcohol exhibits an
absorbance maximum at 254 ± 2 nm.

• USP REFERENCE STANDARDS 〈11〉 ASSAY
USP Polyoxyl Lauryl Ether RS • PROCEDURE
■USP Polyoxyl 4 Laur yl Ether RS Sample solution:  Dissolve 250 mg of Sorbic Acid in a mix-
USP Polyoxyl 9 Laur yl Ether RS ture of 50 mL of methanol and 25 mL of water that previously
USP Polyoxyl 23 Laur yl Ether RS ■2S (NF29) has been neutralized with 0.02 N sodium hydroxide. Add phe-

nolphthalein TS.
Analysis:  Titrate with 0.1 N sodium hydroxide VS to the first
pink color that persists for at least 30 s. Each mL of 0.1 N

BRIEFING sodium hydroxide is equivalent to 11.21 mg of C 6H8O2.
Acceptance criteria:  99.0%–101.0% on the anhydrous basis

IMPURITIESSorbic Acid,   NF 27 page 1348. As part of the USP mono-
Inorganic Impuritiesgraph modernization efforts, it is proposed to replace the ex-
• RESIDUE ON IGNITION 〈281〉:  NMT 0.2%isting nonspecific Identification test with a more specific Infrared
• HEAVY METALS, Method II 〈231〉:  10 ppmAbsorption spectroscopy test. The USP reference standard section

has also been included to reflect the addition of USP Sorbic Acid
SPECIFIC TESTSRS. Interested parties are encouraged to comment on the
• MELTING RANGE OR TEMPERATURE 〈741〉:  132°–135°proposal.
• WATER DETERMINATION, Method I 〈921〉:  NMT 0.5%

ADDITIONAL REQUIREMENTS
(EM1: R. Lafaver.) RTS—C73549 • PACKAGING AND STORAGE:  Preserve in tight containers, pro-

tected from light, and avoid exposure to excessive heat.

Add the following:Sorbic Acid

■• USP REFERENCE STANDARDS 〈11〉
USP Sorbic Acid RS ■2S (NF29)

 

C6H8O2 112.13
2,4-Hexadienoic acid, (E,E)-; 2,4-Hexadienoic acid;
(E,E)-Sorbic acid; Sorbic acid  [110-44-1].

DEFINITION
Sorbic Acid contains NL T 99.0% and NMT 101.0% of C 6H8O2,

calculated on the anhydrous basis.
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GENERAL CHAPTERS

General Tests and Assays

Biological Tests and Assays

BRIEFING

h111i Design and Analysis of Biological Assays, USP 32
page 103 and page 685 of PF 34(3) [May–June 2008]. The pro-
posed revision to the current general chapter, which was pub-
lished in PF, has become a proposal for a new general
information chapter, Analysis of Biological Assays h1034i, which
is published in this issue of PF. Following is a proposed minor
revision to h111i that is intended to remove inconsistencies be-
tween h111i and the proposed chapter h1034i; only the major
h111i sections in which changes have been made are provided
here. Two USP–NF monographs, Corticotropin for Injection and
Menotropins, and one general test chapter, Vitamin D Assay
h581i, are affected by this proposed change to h111i. As part
of this revision, some references to monographs that no longer
use a bioassay have been deleted. This proposed revision, if ap-
proved, will become official when the chapter and the two
monographs are revised.

The USP Statistics Expert Committee emphasizes that the
currently proposed revision is an interim step in the evolution
of h111i. In the future, USP will propose a substantial revision
to h111i so that it will include only material that USP intends to
be mandatory. That material may include topics from the cur-
rent h111i and the three proposed chapters Design and Devel-
opment of Biological Assays h1032i, Biological Assay Validation
h1033i, and h1034i.

(STAT: T. Morris) RTS—C87639

Change to read:

Steps Preceding the Calculation of Potency

Designs for Minimizing the Error Variance—Variation
in response is reduced as much as is practicable by the limita-
tions imposed on body weight, age, previous handling, envi-
ronment, and similar factors. In a number of assays, the test
animals or their equivalent are then assigned at random but
in equal numbers to the different doses of the Standard and Un-
known. This implies an objective random process, such as
throwing dice, shuffling cards, or using a table of random num-

bers. Assigning the same number of individuals to each treat-
ment simplifies the subsequent calculations materially, and
usually leads to the shortest confidence interval for a given
number of observations.

In some assays, the potential responses can be assembled in-
to homogeneous sets in advance of treatment. The differences
between sets are later segregated, so that they do not affect ad-
versely either the computed potency or its confidence interval.
One unit within each set, picked at random, receives each treat-
ment. Examples of randomized sets are the cleared areas on a
single plate in the plate assay of an antibiotic, and four succes-
sive paired readings in the same rat in the Vasopressin Injection
assay.

&An example of randomized sets is the cleared areas on a

single plate in the plate assay of an antibiotic (see Antibi-

otics—Microbial Assays h81i).&2S (USP34)

Sets of two occur where each test animal is used twice, as in the
assays of Tubocurarine Chloride Injection and Insulin Injection.

&rabbit assay for insulin in Insulin Injection.&2S (USP34)

In these cases, neither the average differences between individ-
uals nor the order of treatment can bias the potency or preci-
sion. In the microbial assays for vitamin B12 activity and for
calcium pantothenate, replicate tubes are assigned to two or
more separate, complete sets, preferably with the tubes ar-
ranged at random within each set. This restricts the variation
due to position or order within a set to the differences within
each complete replicate.

Rejection of Outlying or Aberrant Observations—A re-
sponse that is questionable because of failure to comply with
the procedure during the course of an assay is rejected. Other
aberrant values may be discovered only after the responses
have been tabulated, but can then be traced to assay irregular-
ities, which justify their omission. The arbitrary rejection or re-
tention of an apparently aberrant response can be a serious
source of bias. In general, the rejection of observations solely
on the basis of their relative magnitudes is a procedure to be
used sparingly. When this is unavoidable, each suspected aber-
rant response or outlier may be tested against one of two crite-
ria:

1. The first criterion is based upon the variation within a sin-
gle group of supposedly equivalent responses. On the average,
it will reject a valid observation once in 25 or once in 50 trials,
provided that relatively few, if any, responses within the group
are identical. Beginning with the supposedly erratic value or
outlier, designate the responses in order of magnitude from
y1 to yN, where N is the number of observations in the group.
Compute the relative gap G1 = (y2 – y1)/(yN – y1) when N = 3 to
7, G2 = (y3 – y1)/(yN–1 – y1) when N = 8 to 13, or G3 = (y3 – y1)/(yN–2

– y1) when N = 14 to 24. If G1, G2, or G3 exceeds the critical value
in Table 1 for the observed N, there is a statistical basis for omit-
ting the outlier.

This criterion is applicable also in a microbial assay where
each treatment is represented by a transmittance in each of
two separate complete sets. Subtract each transmittance in
the first set from its paired value in the second set, and record
each difference with its sign, either plus or minus. Beginning
with the most divergent difference, designate the N differences
in order of magnitude from y1 to yN and compute the relative
gap G1, G2, or G3. If this exceeds its critical value in Table 1, one
of the two transmittances giving the aberrant difference is sus-
pect and may be identified on inspection or by comparison
with its expectation. Repeat the process with the remaining dif-
ferences if an outlier is suspected in a second pair.
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Table 1

Test for outliers. In samples from a normal population, gaps equal to or larger than the following values of G1, G2, and G3 occur
with a probability P = 0.02 where outliers can occur only at one end, or with P = 0.04 where they may occur at either end.

N 3 4 5 6 7

G1 .976 .846 .729 .644 .586

N 8 9 10 11 12 13

G2 .780 .725 .678 .638 .605 .578

N 14 15 16 17 18 19 20 21 22 23 24

G3 .602 .579 .559 .542 .527 .514 .502 .491 .481 .472 .464

2. The second criterion compares the ranges from a series of k
= 2 or more groups. Different groups may receive different
treatments, but all f responses within each group represent
the same treatment. Compute the range from each group by
subtracting the smallest response from the largest within each
of the k groups. Divide the largest of the k ranges by the sum of
all the ranges in the series. Refer this ratio R* to Table 2. If k is not
larger than 10, use the tabular values in the upper part of Table

2; if k is larger than 10, multiply R* by (k + 2) and interpolate, if
necessary, between the tabular values in the lower part of Table
2. If R* exceeds the tabular or interpolated value, the group
with the largest range is suspect, and inspection of its compo-
nents will usually identify the observation, which is then as-
sumed to be aberrant or an outlier. The process may be
repeated with the remaining ranges if an outlier is suspected
in a second group.

Table 2

Test for groups containing outliers. Compute the range from the f observations in each of k groups, where all groups in the series
are equal in size. The observed ratio R* of the largest range to the sum of the k ranges will equal or exceed the following critical

values at a probability of P = 0.05.

No. of
Ranges k

Critical R* for Ranges Each from f Observations

2 3 4 5 6 7 8 9 10

2 .962 .862 .803 .764 .736 .717 .702 .691 .682

3 .813 .667 .601 .563 .539 .521 .507 .498 .489

4 .681 .538 .479 .446 .425 .410 .398 .389 .382

5 .581 .451 .398 .369 .351 .338 .328 .320 .314

6 .508 .389 .342 .316 .300 .288 .280 .273 .267

7 .451 .342 .300 .278 .263 .253 .245 .239 .234

8 .407 .305 .267 .248 .234 .225 .218 .213 .208

9 .369 .276 .241 .224 .211 .203 .197 .192 .188

10 .339 .253 .220 .204 .193 .185 .179 .174 .172

No. of
Ranges k

Critical (k + 2)R* for Ranges Each from f Observations

2 3 4 5 6 7 8 9 10

10 4.06 3.04 2.65 2.44 2.30 2.21 2.14 2.09 2.05

12 4.06 3.03 2.63 2.42 2.29 2.20 2.13 2.07 2.04

15 4.06 3.02 2.62 2.41 2.28 2.18 2.12 2.06 2.02

20 4.13 3.03 2.62 2.41 2.28 2.18 2.11 2.05 2.01

50 4.26 3.11 2.67 2.44 2.29 2.19 2.11 2.06 2.01

Replacement of Missing Values—As directed in the mon-
ographs and in this section, the calculation of potency and its
confidence interval from the total response for each dose of
each preparation requires the same number of observations
in each total. When observations are lost or additional respon-
ses have been obtained with the Standard, the balance may be
restored by one of the following procedures, so that the usual
equations apply.

1. Reduce the number of observations in the larger groups
until the number of responses is the same for each treatment.
If animals have been assigned at random to each treatment
group, either omit one or more responses, selected at random,
from each larger group, or subtract the mean of each larger
group from its initial total as often as may be necessary. The lat-
ter technique is preferred when extra animals have been as-
signed deliberately to the Standard. When the assay consists
of randomized sets, retain only the complete sets.

2. Alternatively, an occasional smaller group may be brought
up to size when the number of missing responses is not more
than one in any one treatment or 10% in the entire assay. Esti-
mate a replacement for each missing value by either method a
or method b. One degree of freedom (n) is lost from the error
variance s2 for each replacement by either method, except in a
microbial assay where each response is based on the sum of two
or more transmittances and only one transmittance is replaced.

(a) If animals have been assigned to treatments at random,
add the mean of the remaining responses in the incomplete
group to their total. In a microbial assay, when one of two trans-
mittances is missing for a given treatment, add the mean differ-
ence between sets, computed from all complete pairs, to the
remaining transmittance to obtain the replacement.
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(b) If the assay consists of randomized sets, replace the miss-
ing value by

where f is the number of sets, k is the number of treatments or
doses, and Tr’, Tt’, and T ’ are the incomplete totals for the ran-
domized set, treatment, and assay from which an observation is
missing.

If the assay consists of n’ Latin squares with k rows in com-
mon, replace a missing value by

where n’ is the number of Latin squares with k rows in common,
k is the number of treatments or doses, and Tc’, Tr’, Tt’, and T ’ are
respectively the incomplete totals for the column, row, treat-
ment, and assay from which an observation is missing.

If more than one value is missing, substitute the treatment
mean temporarily in all but one of the empty places, and com-
pute y’ for the other by Equation 1. Replace each of the initial
substitutions in turn by Equation 1, and repeat the process in
successive approximations until a stable y’ is obtained for each
missing observation.

&

&2S (USP34)

Change to read:

Experimental Error and Tests of Assay
Validity

As the term is used here, ‘‘experimental error’’ refers to the
residual variation in the response of biological indicators, not
to a mistake in procedure or to an outlier that needs replace-
ment. It is measured in terms of the error variance of a single
response or other unit, which is designated uniformly as s2, de-
spite differences in the definition of the unit. It is required in
tests of assay validity and in computing the confidence interval.

Error Variance of a Threshold Dose—The individual
threshold dose is measured directly in some assays. In the Assay
for Digitalis, designate each individual threshold dose by the
symbol z, the number or frequency of z’s by f, and the total
of the z’s for each preparation by T, with subscripts S and U
for Standard and Unknown, respectively. Compute the error
variance of z as

s2 = [Sz2 – TS
2/fS – TU

2/fU]/n (11)

with n = fS + fU – 2 degrees of freedom. In the assay of Tubocu-
rarine Chloride Injection, each log-threshold dose of the Un-
known is subtracted from the corresponding log-dose of the
Standard in the same rabbit to obtain an individual difference
x. Since each x may be either positive or negative (+ or –), it is
essential to carry the correct sign in all sums. Designate the total
of the x’s for the animals injected with the Standard on the first
day as T1, and for those injected with the Standard on the sec-
ond day as T2. Compute the error variance of x with n = N – 2
degrees of freedom as

s2 = {Sx2 – (T1
2 + T2

2)/f}/n (12)

where N is the total number of rabbits that complete the assay,
excluding any replacement for a missing value to equalize the
size of the two groups.

&

&2S (USP34)

Error Variance of an Individual Response—In the Phar-
macopeial assays, differences in dose that modify the mean re-
sponse are assumed not to affect the variability in the response.
The calculation of the error variance depends upon the design
of the assay and the form of the adjustment for any missing val-
ues. Each response is first converted to the unit y used in com-
puting the potency. Determine a single error variance from the
combined deviations of the y’s around their respective means
for each dosage level, summed over all levels. Doubtful values
of y may be tested as described under Rejection of Outlying or
Aberrant Observations, and proved outliers may be replaced as
missing values (see Replacement of Missing Values).

&removed.&2S (USP34)

In the simplest design, the units of response are assigned at
random to each dosage level, as in the Assay for Corticotropin
Injection. If a missing value is replaced by adding the mean of
the remaining y’s at any given dosage level to their total, the
degrees of freedom (n) in the error variance are reduced by
one for each replacement but no other change is needed in
the calculation.

&

&2S (USP34)

Assuming that f is then the same for all doses or groups, com-
pute the error variance from the variation within doses of all the
y’s as

s2 = {Sy2 – STt
2/f}/n (13)

where Tt is the total at each dose of the f values of y, there are k
totals Tt and the degrees of freedom n = Sf – k. with Sf dimin-
ished by 1 for each replacement.

&

&2S (USP34)

If variations in f are adjusted by subtracting a group mean
from its group total, compute the error variance from the ob-
served y’s and the unadjusted totals Tt as

s2 = {Sy2 – S(Tt
2/f)}/n (14)

where n = Sf – k.
In the calculation of the result of an assay using the coeffi-

cients of Table 6 or Table 8, s2 may be computed from the re-
sponse y for each of the h’ preparations, including the h
Unknowns and the corresponding dosage levels of the Stan-
dard. For each preparation, compute T’ = Sy and the slope fac-
tor Tb’ = S(x1y) where the values of x1 are the factorial
coefficients for the Standard in the appropriate row b of Table
6 or Table 8. The error variance for the assay is

s2 = {Sy2 – ST2/k – 2(STb’)2/h’ebf}/n (15)

where the degrees of freedom n = h’(k – 1) – 1, and eb is the ei

from the same table and row as the coefficients x1.
The Error Variance in Restricted Designs—In some as-

says, the individual responses occur in randomized sets of three
or more. Examples of sets are litter mates in the assay of vitamin
D, the cleared areas within each plate in an antibiotic assay, and
the responses following four successive pairs of injections in the
vasopressin assay.

&Examples of sets are litter mates in Vitamin D Assay

h581i, Biological Method; and the cleared areas within

each plate in an antibiotic assay (see Antibiotics—Microbi-

al Assays h81i).&2S (USP34)

Arrange the individual y’s from these assays in a 2-way table, in
which each column represents a different treatment or dose
and each row a randomized set. Losses may be replaced as de-
scribed under Replacement of Missing Values.

&

&2S (USP34)

The k column totals are the Tt’s required for the analysis of bal-
anced designs. The f row totals (Tr) represent a source of varia-
tion that does not affect the estimated potency and hence is

Pharmacopeial Forum
954 IN-PROCESS REVISION Vol. 36(4) [July–Aug. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



excluded from the assay error. Compute the approximate error
variance from the squares of the individual y’s and of the mar-
ginal totals as

s2 = {Sy2 – STr
2/k – STt

2/f + T2/N}/n (16)

where T = STr = STt, and the n = (k – 1)(f – 1) degrees of free-
dom. must be diminished by one for any gap in the original ta-
ble that has been filled by computation.

&Note that these formulas assume no missing data.
&2S (USP34)

When the order of treatment is an additional potential source
of variation, its effect can be corrected by the dose regimen for
a series of n’ Latin squares with k rows in common. such as that
for the two Latin squares in the dose regimens 1 to 4 and 5 to 8
in the assay of Glucagon for Injection.

&

&2S (USP34)

List the observed responses y of each test animal in a separate
column in the order of dosing. The responses to each of the k
doses then occur equally often in each of the k rows and of the
n’k columns, where n’ is the number of Latin squares. Total the
responses y in each row (Tr) in each column (Tc), and, in a sep-
arate listing, for each dose or treatment (Tt). An occasional lost
reading may be replaced by Equation 1a as described under Re-
placement of Missing Values.

&

&2S (USP34)
Compute the error variance from the squares of the individual
y’s and of the marginal and treatment totals as

s2 = {Sy2 – STr
2/n’k – STc

2/k
– STt

2/n’k + 2T2/N}/n (16a)

where T = Sy = STr = STc = STt, N = n’k2, and the n = (k – 1)(n’k –
2) degrees of freedom must be diminished by one for any gap
in the original table that has been filled by computation.

In assays where the reactions occur in pairs, the differences
between test animals or paired reactions are segregated auto-
matically by calculating the assay with the difference within a
pair as the response. With insulin, the response is the difference
y in the blood sugar of a single rabbit following two injections
(see Insulin Assays h121i). After adjustment for rabbits lost dur-
ing the assay,

&

&2S (USP34)

Compute the error variance of y from the responses in all four
groups and from the group totals Ti = T1 to T4 as

s2 = {Sy2 – STi
2/f}/n (17)

where the number of rabbits f is the same in each group and the
degrees of freedom n = 4(f – 1). are reduced by one for each
replacement of a rabbit lost during the assay. In the Oxytocin
Injection assay, each y represents the difference between the
blood pressure response to a dose of the Unknown and the av-
erage for the two adjacent doses of Standard. Compute the er-
ror variance of y as

s2 = {Sy2 – (T1
2 + T2

2)/f}/n (18)

with n = 2(f – 1) degrees of freedom, where T1 is the total of the
y’s for the low dose of the Unknown and T2 that for the high
dose.

&

&2S (USP34)
In a microbial assay calculated by interpolation from a standard
curve, convert each difference between two paired responses
to units of log-dose, X, by the use of Equation 7. With each dif-
ference X as the unit, a composite s2 is computed from the var-
iation in the f values of X for each Unknown, totaled over the h
Unknowns in the assay, as

s2 = {SX2 – S(Tx
2/f)}/n (19)

where Tx = SX for a single Unknown and the degrees of free-
dom n = Sf – h.

Tests of Assay Validity—In addition to the specific require-
ments in each monograph and a combined log-dose response
curve with a significant slope (see the statistic C in the next sec-
tion), two conditions determine the validity of an individual fac-
torial assay: (1) the log-dose response curve for the Unknown
must parallel that for the Standard within the experimental er-
ror, and (2) neither curve may depart significantly

&importantly&2S (USP34)

from a straight line. When the assay has been completely ran-
domized or consists of randomized sets, the necessary tests are
computed with the factorial coefficients for ab, q, and aq from
Tables 6 to 8 and the treatment totals Tt. Sum the products of
the coefficients in each row by the corresponding Tt’s to obtain
the product total Ti, where the subscript i stands in turn for ab,
q, and aq, respectively. Each of the three ratios, Ti

2/ei f, is com-
puted with the corresponding value of ei from the table and
with f equal to the number of y’s in each Tt. That in row ab tests
whether the dosage-response lines are parallel, and is the only
test available in a 2-dose assay. With three or more doses of
both preparations, that in row q is a test of combined curvature
in the same direction, and in row aq of separate curvatures in
opposite directions. If any ratio in a 3- or 4-dose assay exceeds
s2 as much as three-fold, compute

For a 2-dose assay, compute instead

and for a 3,2 assay (Table 7) determine

For a valid assay, F1, F2, or F3 does not exceed the value given in
Table 9 (at odds of 1 in 20) for the degrees of freedom n in s2.

&

&2S (USP34)

Table 9

Values of t, t2, F i and w2 for different degrees of freedom n that will be exceeded with a probability P = 0.05 (or 0.95 for confidence
intervals).{

n t t2 = F1 F2 F3 w2 n t t2 = F1 F2 F3 w2

1 12.706 161.45 — — 3.84 19 2.093 4.381 3.52 3.13 30.1

2 4.303 18.51 19.00 19.16 5.99 20 2.086 4.351 3.49 3.10 31.4

3 3.182 10.128 9.55 9.28 7.82 21 2.080 4.325 3.47 3.07 32.7

4 2.776 7.709 6.94 6.59 9.49 22 2.074 4.301 3.44 3.05 33.9
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Table 9 (Continued)

Values of t, t2, F i and w2 for different degrees of freedom n that will be exceeded with a probability P = 0.05 (or 0.95 for confidence
intervals).{

n t t2 = F1 F2 F3 w2 n t t2 = F1 F2 F3 w2

5 2.571 6.608 5.79 5.41 11.07 23 2.069 4.279 3.42 3.03 35.2

6 2.447 5.987 5.14 4.76 12.59 24 2.064 4.260 3.40 3.01 36.4

7 2.365 5.591 4.74 4.35 14.07 25 2.060 4.242 3.38 2.99 37.7

8 2.306 5.318 4.46 4.07 15.51 26 2.056 4.225 3.37 2.98 38.9

9 2.262 5.117 4.26 3.86 16.92 27 2.052 4.210 3.35 2.96 40.1

10 2.228 4.965 4.10 3.71 18.31 28 2.048 4.196 3.34 2.95 41.3

11 2.201 4.844 3.98 3.59 19.68 29 2.045 4.183 3.33 2.93 42.6

12 2.179 4.747 3.89 3.49 21.03 30 2.042 4.171 3.32 2.92 43.8

13 2.160 4.667 3.81 3.41 22.36 40 2.021 4.085 3.23 2.84 55.8

14 2.145 4.600 3.74 3.34 23.68 60 2.000 4.001 3.15 2.76 79.1

15 2.131 4.543 3.68 3.29 25.00 120 1.980 3.920 3.07 2.68 146.6

16 2.120 4.494 3.63 3.24 26.30 1 1.960 3.841 3.00 2.60

17 2.110 4.451 3.59 3.20 27.59

18 2.101 4.414 3.55 3.16 28.87

{ Adapted from portions of Tables III to V of ‘‘Statistical Tables for Biological, Agricultural and Medical Research,’’ by R. A. Fisher and
F. Yates, published by Oliver and Boyd, Ltd., Edinburgh.

An assay may fail the test for validity and still provide a con-
tributory estimate of potency that can be combined profitably
with the result of a second assay of the same Unknown, as de-
scribed in a later section. An end dosage level for either the
Standard or the Unknown, or both, may fall outside the linear
zone. With three or more dosage levels, and relatively large val-
ues of Ta, Tab, and Taq

&

&2S (USP34)
the total response Tt at an end dose of one preparation may ap-
proach an upper or lower limit. and be responsible for the large
values of Tab and Taq

&

&2S (USP34)

This Tt may be omitted and the assay recomputed with the ap-
propriate design in Table 7. If the assay then meets the test in
Equation 20, or 22

&for validation,&2S (USP34)

the resulting potency, M, may be combined with that of a sec-
ond assay in computing the log-potency of the Unknown (see
Combination of Independent Assays). If Ta is not significant but Tq

shows significant combined curvature, the largest (or smallest)
dose of both preparations may be too large (or too small). Their
omission may lead to a valid assay with the factorial coefficients
for the next smaller design in Table 6 or 8. A statistically signif-
icant Tq or STq’ may be neglected and all dosage levels retained
without biasing the computed log-potency M’ and its confi-
dence interval by more than 5% when the following inequality
is true:

where each Tb’ and Tq’ is computed with the Tt’s (or y’s) for a
single preparation multiplied by the coefficients for the Stan-
dard in rows b and q, respectively. If both Ta and Tab are signif-
icant in a 2-dose assay, one Tt may be outside the linear zone.
Sometimes a preliminary or contributory estimate of potency
can be computed from the remaining three values of Tt and
the first design in Table 7. In assays of insulin and of other drugs

in which the responses are paired, the test for parallelism is so
insensitive that it is omitted.

&

&2S (USP34)

If the tubes in each set are arranged systematically instead of at
random in a microbial assay, the tests for validity may be subject
to bias from positional effects.

GENERAL CHAPTERS

General Information

BRIEFING

h1032i Design and Development of Biological Assays.
This general chapter Design and Development of Biological As-
says h1032i is one of an integrated group of new general chap-
ters that provide guidance across several complementary
bioassay topics. The others include Biological Assay Validation
h1033i; Analysis of Biological Assays h1034i; and an as-yet un-
numbered ‘‘roadmap’’ chapter that will include a glossary ap-
plicable to general chapters h1032i–h1034i. The group arose
from one source, general chapter Design and Analysis of Biolog-
ical Assays h111i, that is now official in the US Pharmacopeia
(USP). The partitioning of chapters to different aspects of bio-
logical assays allows both greater focus and clarity and the op-
portunity to expand on issues. As the group of general chapters
evolves, general chapter h111i will remain in modified form.
Thus the entire group when completed will consist of five USP
general chapters.
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The Bioassay Development ad hoc Advisory Panel of the Sta-
tistics Expert Committee encourages input from all interested
parties regarding the proposed h1032i. USP’s intent is to reflect
the best contemporary practices regarding the design and de-
velopment of bioassays. This will be achieved when members of
the bioassay community take advantage of this opportunity to
engage in h1032i’s development by responding to this
In-Process Revision. Comments regarding h1032i should be sent
to Tina S. Morris, PhD (tsm@usp.org).

(STAT: T. Morris) RTS—C89099

Add the following:

&h1032i DESIGN AND DEVELOPMENT
OF BIOLOGICAL ASSAYS

1. INTRODUCTION

1.1 Purpose

General chapter Design and Development of Biological

Assays h1032i presents methodology for the develop-

ment of bioassay procedures that have sound experi-

mental design, that provide data that can be analyzed

using well-founded statistical principles, and that are fit

for their specific use.

General chapter h1032i is one of a group of five

planned general chapters that focus on relative potency

assays, in which the activity of a Test material is quanti-

fied by comparison to the activity of a Standard material.

However, many of the principles can be applied to other

assay systems.

This general chapter is intended to guide the design

and development of a bioassay for a drug product in-

tended for commercial distribution. Although adoption

of this chapter’s recommended methods may be re-

source intensive during initial drug development, early

implementation may yield benefits.

1.2 Audience

This chapter is intended for both the practicing bioas-

say analyst and for the statistician who is engaged in bi-

oassay efforts. The former will find guidance for

implementing bioassay structure and methodology to

achieve analytical goals while reliably demonstrating

the biological activity of interest, and the latter will gain

insights regarding the constraints of biology that can

prove challenging to balance with the most straightfor-

ward practice of statistics.

Focus on Relative Potency—Common applications of

biological assays include characterization of a biological

or biotechnology product, stability testing, and lot re-

lease. Potency assays help provide assurance of the qual-

ity and consistency of the product. Because of the

inherent variability in test systems (from animals, cells, in-

struments, and reagents, and day-to-day and between-

lab variation), an absolute measure of potency (e.g., a

dose of erythropoietin that increases hemoglobin con-

tent by 1 g) may not be available. This has led to the

adoption of the relative potency methodology. Assum-

ing that the Standard and Test materials contain samples

with biologically similar (if not identical) activity, the Test

sample can be expected to behave like a concentration

or dilution of the Standard, and parallelism (the quality

of Test and Standard concentration–response segments

being parallel) should be present. For samples that are

biologically similar, the horizontal displacement between

the curves is interpreted as log relative potency. Relative

potency is determined by comparison of the Test to the

Standard assay response, which means that the assay

does not need to achieve a specific observable response.

The potency of the Standard is usually assigned a value of

1 (or 100%). The Standard could be a material estab-

lished as such by a national (e.g., USP) or international

(e.g., WHO) organization, or it could be an internal Stan-

dard.
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2. BIOASSAY FITNESS FOR USE

To evaluate whether an assay is fit for use, analysts

must clearly specify the purposes for performing the bio-

assay. Common uses for a bioassay include lot release of

drug substance (active pharmaceutical ingredient) and

drug product; stability; qualification of Standard sample

and other critical reagents; characterization of process in-

termediates and formulations, contaminants, and degra-

dation products; and support of changes in the product

production process. The accuracy, specificity, precision,

and robustness requirements may be different for each

of these potential uses. It is a good strategy to develop

and validate a bioassay to support multiple intended

uses. Decisions about fitness for use are based on scien-

tific and statistical considerations, as well as practical

considerations such as cost, turnaround time, and

throughput requirements for the assay.

When assays are used for lot release, a linear-model

bioassay may allow sufficient assessment of similarity.

For bioassays used to support stability or comparability,

to evaluate changes in production processes, or to qual-

ify reference materials, critical reagents, or changes in the

assay process, it may be useful to assess similarity using

the asymptote of maximum response.

2.1 Process Development

Bioassays are often required in the development and

optimization of product manufacturing, including for-

mulation and scale-up processes. Bioassays can be used

to evaluate purification strategies, optimize product

yield, and measure product stability. Because samples

taken throughout the process are often analyzed and

compared, sample matrix effects should be carefully

studied to determine an assay’s fitness for use. For relative

potency measures, the Standard material may require di-

lution into suitable matrices for quantitation. The bioas-

say’s precision should be suitable for measuring process

performance or for assessing and comparing the stability

of candidate formulations.

2.2 Process Characterization

In order to assess an effect on drug potency specific to

different stages of drug manufacture or following chang-

es in the manufacturing process (i.e., to demonstrate

product equivalence before and after process changes

are made), analysts may perform bioassays distinct from

routine product lot-release assays. These assays can pro-

vide information about product characteristics in the

presence of process changes. Bioassays used in this type

of application may be qualitative or quantitative. The as-

say’s fitness for use depends on its sensitivity to unexpect-

ed changes in the product profile.

2.3 Product Release

Bioassays are used to evaluate the potency of the drug

before product release and may predict clinical efficacy.

To this end, the assay should reflect or mimic the pro-

duct’s known or intended mechanism of action. If the

bioassay does not include the functional biology directly

associated with the mechanism of action, it may be nec-

essary to demonstrate a relationship between this bioas-

say’s estimated potency results and those of some other

assay that better or otherwise reflects biomimetic activi-

ty.

For product-release testing, a release specification is es-

tablished to define the range of potency values that are

acceptable for product stored under labeled conditions

until the expiration date. The relative accuracy and the

precision of the reportable value from the bioassay must

support the number of significant digits listed in the

specification (see Biological Assay Validation h1033i), as

well as the specification range. These specifications
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should include the loss of potency (instability) that will be

tolerated. In order to meet these specifications, manufac-

turing quality control will have sufficiently narrow release

assay specifications in order to accommodate any loss of

activity due to instability and uncertainty in the release

assay. The expiration period may be calculated as the

point at which the 95% confidence bound of the predict-

ed value crosses the product specification limit. The more

variable the assay and the steeper the slope of decay, the

nearer in time the assigned expiration date will be.

2.4 Process Intermediates

Bioassay assessment of process intermediates can pro-

vide information regarding interference and specificity.

Downstream process decisions pertaining to formulation

and fill strategies may rely on bioassays in order to ensure

that product will meet its established specifications. For

example, unformulated bulk materials may be held and

evaluated for potency. Bulks may be pooled with other

bulk lots, diluted, or reworked based on the potency re-

sults. For these types of applications, the bioassay must

be capable of measuring product activity in different ma-

trices. In some cases, a separate Standard material is

made and is used to calculate relative potency for the

process intermediate. Thus fitness for use must demon-

strate that decisions based on the evaluation of process

intermediates do in fact yield the desired outcomes for

downstream product, including final container.

2.5 Stability

Potency is a stability-indicating parameter of biotech-

nology and vaccine products. Stability studies are per-

formed during development to establish shelf life as

well as to identify and estimate the degradation products

and rates of the product. Post licensure stability studies

are used to monitor and maintain product stability. Sta-

bility studies are designed by selecting the number of ob-

servations and the testing intervals, as well as the

potency assay format that is predicted to achieve a suit-

able level of uncertainty in the stability parameter of in-

terest. Knowledge of both short-term and long-term

variability of the bioassay is important for a product’s sta-

bility evaluation. In addition, a trend in bias across levels

in the bioassay can influence the measurement of poten-

cy over time. A limit on the trend in bias can help ensure

accurate assessment of product stability.

2.6 Qualification of Reagents

The quantitative characterization of a new Standard

material requires a highly precise measurement of the

new material’s biological activity. This value is used either

to establish that the new lot is equivalent to the previous

lot or to assign it a label potency to which Test samples

can be compared. Replication beyond routine testing

may be required to achieve a greater confidence in mea-

suring the potency of the Standard material. In some cas-

es, such as maintenance of the cell seed train, the

bioassay may be used to qualify a reagent such as fetal

bovine serum. The fitness for use in such cases is tied to

the ability of the assay to screen reagent lots and to en-

sure that lots that may degrade the relative potency mea-

surements are not accepted.

2.7 Product Integrity

Biotechnology, biological, and vaccine products may

contain a population of heterogeneous material, includ-

ing the intended predominant product material. Addi-

t ional ly, the product is subject to var iat ion in

manufacture, as well as degradation because of stress

and storage conditions. Some process impurities and de-

gradation products may be active, partially active, or in-

active in the bioassay. Biological assays can be used to
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differentiate intended product from product variants or

derivatives in which changes in structure or relative com-

position may be manifested in subtle yet characteristic

changes in the bioassay response (e.g., change in slope

or asymptote). Studies that identify characteristic chang-

es associated with variants of the intended product help

ensure consistent product performance. Whenever pos-

sible, the bioassay should be accompanied by orthogo-

nal methods that are capable of separating and

detecting product variants, process impurities, and de-

gradation products.

3. BIOASSAY FUNDAMENTALS

3.1 In Vivo Bioassays

In vivo potency assays are bioassays in which a set of

dilutions of each of the Standard and Test materials is ad-

ministered to animals and the dose–response relation-

ships are used to estimate potency. For some animal

assays, the endpoint is simple (e.g., rat body weight gain

assay for human growth hormone or rat ovarian weight

assay for follicle stimulating hormone), but others require

further processing of samples collected from treated ani-

mals (e.g., reticulocyte count for erythropoeitin, steroid-

ogenesis for gonadotropins, neutrophil count for

granulocyte colony stimulating factor, or antibody titer

after administration of vaccines). With the advent of cell

lines specific for the putative physiological mechanism of

action (MOA), the use of animals for the measurement of

potency has greatly diminished. Cost, low throughput,

ethics, and other practical issues argue against the use

of animal bioassays. Regulatory agencies have encour-

aged the responsible limitation of animal use whenever

possible (see The Interagency Coordinating Committee

on the Validation of Alternative Methods, Mission, Vision,

and Strategic Priorities; February 2004). When in vitro ac-

tivity is not strongly associated with in vivo activity (e.g.,

EPO), the combination of in vitro cell-based assay and a

suitable physicochemical method (e.g., IEF, glycan anal-

ysis) may substitute for in vivo assays. However, a need

for in vivo assays may remain when in vitro assays cannot

detect differences that may affect in vivo activity.

Animals’ physiological responses to biological drugs

(including vaccines) may predict patients’ responses. Se-

lection of animal test subjects by species, strain, gender,

and maturity or weight range seeks to provide a repre-

sentative model with which to assess the activity of Test

materials. In order to minimize assay variability, bioassays

involve comparison of a Test to a Standard material of de-

fined potency, together with the application of statistical

tools, specific lab techniques, and rigorous adherence to

protocol.

Some methods lend themselves to the use of colony

versus naive animals. For example, pyrogen and insulin

testing benefit from using experienced colony rabbits

that provide a reliable response capacity. If animals re-

cently introduced to the colony fail to respond normally

to the Test compound after several doses, they should be

culled from the colony so they do not cause repeated fu-

ture invalid or indeterminate assay results. In the case of

assaying highly antigenic Test compounds for pyrogens,

however, naive animals should be used to avoid generat-

ing inaccurate or confounded results from given sam-

ples. Other colony advantages include common

controlled environmental conditions (macro/room, and

micro/rack), consistent feeding schedule, provision of

water, and husbandry routine.

When a historical database of colony records and assay

data is available, valuable method optimization can be

obtained. The influence of biasing factors can be reduced

by applying randomization principles such as distribution

of weight ranges across dose groups, group assignments

from shipping containers to different cages, or use of

computer-generated or deck patterns for injection/dos-

ing. A test animal must be healthy to be suitable for

use in a bioassay and must have time to stabilize in its en-
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vironment. Factors that combine to influence an animal’s

state of health include proper nutrition, hydration, free-

dom from physical and psychological stressors, adequate

sanitization of housing components, controlled light

cycle (diurnal/nocturnal), experienced handling, skillful

injections and bleedings, and absence of noise or vibra-

tion. Daily observation of test animals is essential, and

veterinary care must be available to minimize stress to

the animals and to evaluate potential issues that might

challenge the validity of bioassay results.

3.2 Ex Vivo Bioassays

Cells or tissues from human or animal donors can be

cultured in the laboratory and used to assess the activity

of a Test article. In the case of cytokines, the majority of

assays use cells from the hematopoietic system and sub-

sets of hematopoietic cells from peripheral blood such as

peripheral blood mononuclear cells or peripheral blood

lymphocytes. For proteins that act on solid tissues, such

as growth factors and hormones, specific tissue on which

they act can be removed from animals, dissociated, and

cultured for a limited period either as adherent or semi-

adherent cells. Although an ex vivo assay system has the

advantage of similarity to the natural milieu, it may also

suffer from substantial donor-to-donor variability, as well

as challenging availability of appropriate cells.

Bioassays that involve live tissues or cells from an ani-

mal (e.g., rat hepatocyte glucagon method) require pro-

cess management similar to that of in vivo assays to

minimize assay variability and bias. The level of effort to

manage bias (e.g., randomization) should be appropri-

ate for the purpose of the assay. Additional factors that

may affect assay results include time of day, weight or

maturity of animal, anesthetic used, buffer compo-

nents/reagents, incubation bath temperature and posi-

tion, and cell viability.

3.3 In Vitro (Cell-Based) Bioassays

Cell-based bioassays using clonal cell lines that respond

to specific ligands or infectious agents can be used for

lot-release assays of therapeutic proteins and vaccines.

These cell lines can be derived from tumors, immortal-

ized as factor-dependent cell lines, or engineered cell

lines transfected with appropriate receptors. Such cells

can be banked and used with an expectation of uniform

response through some number of continuous passages.

The selection of appropriate cell lines with desirable mag-

nitude of response and stability may be challenging. Ad-

vances in recombinant DNA technology and the

understanding of cellular signaling mechanisms have al-

lowed the generation of engineered cell lines with im-

proved response and longer stability. The cellular

responses to the protein of interest depend on the drug’s

MOA and the duration of exposure. Such responses in-

clude cell proliferation, cell killing, antiviral activity, differ-

entiation, cytokine/mediator secretion, and enzyme

activation. Assays involving these responses may require

incubation of the cells over several days, during which

time contamination, uneven evaporation, or edge effects

may arise. Comparatively rapid responses based on an in-

tracellular signaling mechanism—such as second mes-

sengers, protein kinase activation, or reporter gene

expression—have proven acceptable to regulatory au-

thorities. Lastly, most cell lines used for bioassays express

receptors for multiple cytokines and growth factors. This

lack of specificity may not be detrimental if other assays

demonstrate the Test material’s specificity.

Cell-based bioassay design should reflect knowledge of

the factors that influence response of cells to the Test

agent. Response variability is often reflected in parame-

ters such as slope, EC50 of the dose–response curve, or

the ratio of maximum to minimum response. Even

though the adoption of relative potency methodology

alleviates the effect of these parameters on potency esti-

mates, such response variability could result in significant
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effects on system suitability, precision, and accuracy.

Therefore sources of variability relevant to a given bioas-

say method should be identified, and control strategies

to minimize their effects should be implemented.

The development of a cell-based bioassay begins with

the selection or generation of a cell substrate. The cell

substrate is usually the most critical reagent in a cell-

based assay. To ensure an adequate and consistent sup-

ply of cells for product testing, the cell line(s) used in the

assay should be banked. Several considerations arise in

developing the assay cell banks.

The source of the cell line, whether generated by the

product manufacturer or acquired from a collaborator,

academic institution, or culture collection, must have

documentation that details the cell line’s history from or-

igin to banking and supports its application for commer-

cial use. The origin, generation, and propagation of the

cell line through to the point at which the cell line is se-

lected for use must be documented and described in de-

tail sufficient to permit recreation of a similar cell line if

necessary. Information pertaining to the cell line should

be documented during assay development and before

banking. This information may include but is not limited

to identity (e.g., isoenzyme, phenotypic markers, genetic

analysis); morphology (e.g., archived photographic im-

ages); purity (e.g., mycoplasma, bacteria, fungus and vi-

rus testing); cryopreservation; thaw and culture

conditions (e.g., media components, thaw temperature

and method, methods of propagation, seeding densities,

harvest conditions); thaw viability (immediately after be-

ing frozen and after time in storage); growth character-

istics (e.g., cell doubling times); and functional stability

(e.g., ploidy).

Extensive characterization is necessary to ensure the

quality and longevity of cell banks for use in the QC en-

vironment. The general health and metabolic state of the

cells at the time of bioassay can greatly influence the test

results. After a cell line has been characterized and is

ready for banking, analysts typically prepare a two-tiered

bank (Master and Working). A Master Cell Bank is created

as the source layer for the Working Cell Bank. The Work-

ing Cell Bank is derived by expansion of one or more vials

of the Master Cell Bank. The size of the banks depends on

the growth characteristics of the cells, the number of cells

required for each assay, and how often the assay will be

performed. Some cells may be sensitive to cryopreserva-

tion, thawing, and culture conditions, and the banks

must be carefully prepared and characterized before be-

ing used for validation studies and for regular use in the

QC laboratory.

The following factors that may affect bioassay perfor-

mance are common to many cell-based bioassays. This

list is not exhaustive, and analysts with comprehensive

understanding and experience with the cell line should

be involved during assay development. These experi-

enced individuals should identify factors that might influ-

ence assay outcomes and establish strategies for an

appropriate level of control whenever possible. Relevant

factors include cell type (adherent or nonadherent); cell

thawing; plating density (at thaw and during seed train

maintenance) and confluence (adherent cells); culture

vessels; growth, staging, and assay media; serum re-

quirements (source, heat inactivation, gamma irradia-

tion); incubation conditions (temperature, CO2,

humidity, culture times from thaw); cell harvesting re-

agents and techniques (for adherent cells, method of dis-

sociation); cell sorting; cell counting; determination of

cell health (growth rate, viability, yield); cell passage

number and passaging schedule; cell line stability (genet-

ic, receptor, marker, gene expression level); and starva-

tion or stimulation steps.
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3.4 Standard

The Standard is a critical reagent in bioassays because

of its quality as a reliable material to which a Test prepa-

ration can be quantitatively compared in a relative po-

tency assay. The Standard may be assigned a unitage

or specific activity that represents fully (100%) potent

material. Where possible, a Standard should be prepared

using the same manufacturing process as the drug sub-

stance. If this is not possible (e.g., lyophilization is the

preferred Standard storage), verify the capacity of the as-

say for providing accurate relative potency assessment of

samples. Testing performed to qualify a Standard may be

more rigorous than the routine testing used for lot re-

lease.

A Standard must be stored under conditions that pre-

serve its full potency during the intended course of its

use. To this end, the Standard may be stored under con-

ditions that are different from the normal storage of the

drug substance or drug product. These could include a

different temperature (e.g., –708 or –208 instead of 2–

88), a different container (e.g., plastic vials instead of sy-

ringes), a different formulation (e.g., lyophilizable formu-

lation or addition of carrier proteins such as human

serum albumin, stabilizers, etc.). The Standard material

should be tested for stability at appropriate intervals. Sys-

tem suitability criteria of the bioassay such as maximum

or background response, EC50, slope, or potency of assay

control may be used to detect change in the activity of

the Standard. Accelerated stability studies can be per-

formed to predict degradation rates and establish mean-

ingful markers of Standard instability.

At later stages in clinical development, the Standard

may be prepared using the manufacturing process em-

ployed in pivotal clinical trials. If the Standard formula-

tion is different from that used in the drug product

process, demonstration is required of comparable (simi-

lar) assay performance. An initial Standard may be re-

ferred to as the pr imary Standard . Subsequent

Standards can be prepared using current manufacturing

processes and can be designated working Standards. Se-

parate SOPs are usually required for establishing these

standards for each product. Bias in potency measure-

ments sometimes can arise when the activity of the Stan-

dard gradually changes. Nonequivalence in assay

response may be observed if the Standard and the Test

sample are not biologically similar (e.g., if there are differ-

ences in glycosylation). In such cases, careful attention

should be paid to changes in critical reagents and/or me-

dia components that differentially affect the activities of

the Standard and Test sample. It is prudent to archive ali-

quots of each Standard lot for assessment of comparabil-

ity with later Standards and for the investigation of assay

drift. In this context, trend charts may be useful in iden-

tifying the cause of assay drift.

4. STATISTICAL ASPECTS OF BIOASSAY

FUNDAMENTALS

4.1 Data

The statistical elements of bioassay development in-

clude consideration of data type and the bioassay model,

along with statistical criteria for assessing and ensuring

the quality of bioassay results. These form the framework

for the bioassay system that will be used to estimate the

potency of a Test article.

There are fundamentally two bioassay data types:

quantitative and quantal (categorical). Quantitative data

can be either continuous (e.g., collected from an instru-

ment), counts (e.g., plaque-forming units), or discrete

(e.g., endpoint dilution titers). Quantal data are typically

dichotomous, e.g., survival in an animal model that uses

challenge with a pathogen to measure the protection af-

forded by a Test article or positivity in a plate-based infec-

tivity assay that results in destruction of a cell monolayer

following administration of an infectious agent. Quanti-

tative data can be transformed to quantal data by select-
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ing a threshold that statistically distinguishes a positive

response from a negative response. Such a threshold

can be calculated from data acquired from a negative

control, e.g., adding (or subtracting) a measure of uncer-

tainty, such as two times the standard deviation of nega-

tive control responses, to the negative control average.

Analysts should be cautious about transforming quanti-

tative data to quantal data because this results in a loss

of information that may affect bioassay measurement.

4.2 Assumptions

The key assumption for the analysis of most bioassays is

that the Standard and Test samples contain the same ef-

fective analyte or population of analytes and thus may be

expected to behave similarly in the bioassay. This is

termed similarity. As will be shown in more detail in chap-

ter Analysis of Biological Assays h1034i for specific statisti-

cal models, biological similarity implies that statistical

similarity is present (the Standard and Test curves are par-

allel, for parallel-line and parallel-curve models; the Stan-

dard and Test curves have a common intercept for slope-

ratio models). The reverse is not true. Statistical similarity

(parallel lines, parallel curves, or common intercept, as

appropriate) implies, but does not ensure, biological sim-

ilarity (same effective analyte). However, failure to satisfy

statistical similarity may be taken as evidence against bio-

logical similarity. The existence of a Standard–Test sam-

ple pair that passes the assessment of statistical

similarity is thus a necessary but not sufficient test that

the key assumption of biological similarity is satisfied.

Biological similarity thus remains, unavoidably, an as-

sumption. Departures from statistical similarity that are

consistent in value across many assays could be indica-

tive of matrix effects or of real differences between Test

and Standard materials. This is true even if the departure

from statistical similarity is sufficiently small to support

determination of a relative potency.

In many assays multiple compounds will yield similar

concentration–response curves. It may be reasonable to

use a biological assay system to describe or even com-

pare response curves from different compounds. But it

is not appropriate to report relative potency unless the

Standard and Test samples contain only the same active

analyte or population of analytes. Biological products

typically exhibit lot-to-lot variation in the distribution of

analytes (i.e., most biological products contain an in-

tended product and, at suitably low levels, some process

contaminants that may be active in the bioassay). Assess-

ment of similarity is then, at least partially, an assessment

of whether the distribution of analytes in the Test sample

is close enough to that of the distribution in the Standard

sample for relative potency to be meaningful; i.e., the as-

say is a comparison of like to like. When there is evidence

(from methods unrelated to the bioassay) that the Stan-

dard and Test samples do not contain the same com-

pound(s), the biological assumption of similarity is not

satisfied, and it is not appropriate to report relative po-

tency.

Other common statistical assumptions in bioassay

practice are constant variance of the responses around

the fitted model (see section 4.3 Variance Heterogeneity,

Weighting, and Transformation for further discussion),

normally distributed residuals (see section 4.4 Normality

for further discussion), and independence of the observa-

tions. Constant variance, normality, and independence

are interrelated in the practice of bioassay. For bioassays

with a quantitative response, a well-chosen transforma-

tion may be used to achieve near constant variance

and a nearly normal distribution of residuals. For such as-

says, once transformation of data has been imposed, the

remaining assumption, independence, then remains to

be addressed with proper modeling.

Independence of measurements in bioassay is impor-

tant for effective design and appropriate modeling of da-

ta. Two events are independent if they have no common
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factor that could cause them to vary together (co-vary).

Independence can be assessed with statistical tools, in-

cluding variance component estimates and estimates of

correlation among observations. A proper understand-

ing requires knowledge of assay design and the analytical

model so that experimental units are accurately identi-

fied. The statistical model should capture the design

structure imposed by the presence of blocks or grouping

of responses (e.g., due to serial dilution or the use of a

multichannel pipette).

4.3 Variance Heterogeneity, Weighting, and

Transformation

Analysis of bioassay data requires that the data be ap-

proximately normally distributed with constant variance

across the range of the data. For linear and nonlinear re-

gression models, the variance referred to here is the re-

sidual variance from the fit of the model. Constant

variance is often not observed, e.g., an increase in vari-

ability with increase in response (variance heterogene-

ity). If the variances are not equal but the data are

analyzed as if they were, then the estimate of relative po-

tency may be reasonable. However, failure to address

nonconstant variance around the fitted dose–response

model results in an unreliable estimate of within-assay

variance. Further, the assessment of statistical similarity

may not be accurate, and standard errors and confi-

dence intervals for all parameters (including a Fieller’s

Theorem–based interval for the relative potency) should

not be used. Confidence intervals for relative potency

that combine multiple assays will still be correct.

Constant variance can be assessed via residual plots,

Box-Cox (or power law) analysis, or Bartlett’s or Levene’s

test. With either of the tests, improvement of the value of

the statistic obtained is useful as a basis for judging

whether homogeneity is improved or worsened; do not

rely on the P-value. Assess variance on a large body of as-

say data. Using only the replication variances from the

current assay is not appropriate because there are too

few data to properly determine truly representative vari-

ances specific to each concentration. This approach is

necessary during development, and it is prudent to re-as-

sess variance during validation and to monitor it period-

ically during ongoing use of the assay.

Two methods used to mitigate variance heterogeneity

are weighting and transformation. Lack of constant var-

iance can be addressed with a suitable transformation

chosen for the assay system (not on an assay-by-assay ba-

sis). If no suitable transformation is identified, weighting

can be explored. Weighting is a statistical method of em-

phasizing precise data instead of imprecise data. Trans-

formation is used to address nonconstant variation in

the response and normality of residuals and to improve

the fit of a statistical model to the data.

Variance may be proportional to concentration or may

be some function of concentration. This possibility can

be examined by plotting the sample variance at each

concentration (preferably pooled across multiple assays)

against concentration and then against a function of

concentration (e.g., concentration squared). Variance

will be proportional to the function of concentration

where the plot follows approximately a straight line. If

the data fall along a horizontal line, no weighting is need-

ed. If such a function can be found, then the weights are

taken as the reciprocal of that function. There may be no

such function, or at least not one that is easy to describe,

particularly if the variation is higher at both extremes of

the concentration range studied. An alternative is to de-

velop an estimate of the variability at each concentration

using historical data for the assay as currently conducted.

Using only the replication variances from the current as-

say is not appropriate because there are too few data to

properly determine truly representative variances specific

to each concentration. Whether a model or historical da-

ta are used, the goal is to capture the relative variability at
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each concentration. Even with use of historical data, one

does not necessarily have to assume that the absolute le-

vel of variability of the current assay is identical to that of

the historical data but only that the ratios of variances

among concentrations are consistent.

Alternatively, an approach using a power of the mean

(POM) response at each concentration has been advo-

cated for many bioassay systems.

Additionally, transformation of the bioassay data may

be used to help satisfy the requirements of normality

and variance homogeneity. Bioassay data are commonly

displayed with concentration on a log scale (in parallel-

line or parallel-curve analyses). Slope-ratio assays are dis-

played with concentration on the original scale. Transfor-

mation may be performed to the response data as well as

to the concentration data. Common choices for a trans-

formation of the response include log, square root (for

counts), reciprocal, and, for count data with known as-

ymptotes, logit of the percent of maximum response.

Log transformations are commonly used, partly because

of the ease of transforming back to the original scale for

interpretation.

A log–log fit may be performed on data exhibiting

nonlinear behavior. The log transformation is used to lin-

earize a portion of the concentration–response relation-

ship, but such a transformation often also normalizes the

data, generating responses that are more uniform in their

variance. Other transformations may be performed in ac-

cord with the POM principle cited for weighting; i.e., da-

ta may be transformed by the inverse of the POM

function. A POM coefficient k = 2 corresponds to a log

transformation of the data. Note that transformation of

the data requires re-evaluation of the model used to fit

the data. If nontransformed data are expected to follow

a four-parameter logistic model, another nonlinear mo-

del might be considered to fit the transformed measure-

ments.

In many bioassays a suitable transformation (often the

logarithm) yields data that have nearly constant vari-

ance, near normal distribution of the residuals, and a

good fit to a four-parameter logistic curve. From a statis-

tical perspective there is nothing special about the orig-

inal scale of measurement. Any transformation that

improves accordance with assumptions is acceptable.

Analysts should recognize, however, that transforma-

tions, choice of statistical model, and choice of weighting

scheme are interrelated. If a transformation is used, that

may affect the choice of model. That is, transforming the

response, e.g., by a log or square root, may change the

shape of the response curve, as may the range of concen-

trations for which the responses are nearly straight and

nearly parallel.

Appropriate training and experience in statistical

methods are essential in determining an appropriate var-

iance-modeling strategy. Sources of variability may be

misidentified if the wrong variance model is used. For ex-

ample, data can have constant variation throughout a

four-parameter logistic concentration–response curve

but can also have appreciable variation in the EC50 pa-

rameter from block to block within the assay, or from as-

say to assay. This assay can appear to have large variation

in the response for concentrations near the long-term av-

erage value of ED50, if the between-block or between-

assay variability is not recognized. A weighted model

with low weights for concentrations near the EC50 would

misrepresent a major feature of such an assay system.

4.4 Normality

Many statistical methods for the analysis of quantita-

tive responses assume normality of the residuals. If the

normality assumption is not met, the estimate of relative

potency and its standard error may be reasonable, but

the commonly calculated confidence interval for the rel-

ative potency estimate will not be valid. Most methods
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used in this chapter are reasonably robust to departures

from normality, so the goal is to detect substantial non-

normality. During assay development, in order to discov-

er substantial departure from normality, one can use

graphical tools such as a normal probability plot or a his-

togram (or something similar like stem-and-leaf or box

plots) of the residuals from the model fit. The histogram

should appear unimodal and symmetric. The normal

probability plot should approximately follow a straight

line. A pattern about a straight line is one indication of

nonnormality. Nonnormal behavior may be due to mea-

surements that are log normal and show greater variabil-

ity at higher levels of response. This is characterized by a

concave pattern in the residuals in a normal plot.

Statistical tests of normality are not generally useful. If

such tests are used, as for homogeneity of variance, im-

provement of the value of the statistic obtained is useful

for judging whether normality is improved or worsened.

Again, reliance should not be placed on the P-value. Eval-

uate normality on as large a body of assay data as possi-

ble during development, re-assess during validation, and

monitor periodically during ongoing use of the assay. Im-

portant departures from normality can often be mitigat-

ed with a suitable transformation. Failure to assess and

mitigate important departure from normality carries

the risks of disabling appropriate outlier detection and

losing capacity to obtain reliable estimates of variation.

This assessment typically is performed during assay de-

velopment and is not routinely conducted with each as-

say.

4.5 Linearity of Concentration–Response Data

Some bioassay analyses assume that the shape of the

concentration–response curve is a straight line or ap-

proximates a straight line over a limited range of concen-

trations. In those cases, a linear-response model may be

assessed to determine if it is justified for the data in hand.

Difference testing methods for assessing linearity face the

same problems as do standard methods for difference

testing of parallelism. More data and better precision

make it more likely to detect nonlinearity. Because situa-

tions when nonlinearity does not affect potency general-

ly are rare and occur only by chance, analysts should

routinely assess departure from linearity if they wish to

use a linear-response model to estimate potency.

If an examination of a data plot reveals gross departure

from linearity, this is sufficient to support a conclusion

that linearity is not present. High data variability, how-

ever, may mask departures from linearity. Thus a general

approach for linearity can conform to that for similarity,

developed in detail in section 4.7 Suitability Testing, Im-

plementing Equivalence Testing for Similarity (parallelism).

(1) Specify a measure of departure from nonlinearity.

Possibilities are the nonlinearity sum of squares, as-

suming similar slopes, or the quadratic coefficients

from a fitted quadratic model or from contrast esti-

mates from a means model.

(2) Use one of the four approaches in Step 2 of Imple-

menting Equivalence Testing for Similarity (parallelism)

to determine a range of acceptable values (accep-

tance interval) for the measure of nonlinearity. A

common alternative is to determine the acceptable

range by visual examination. Because departures

from nonlinearity are typically evident visually, the

acceptable range consists of those values of the mea-

sure of nonlinearity for which the nonlinearity is not

evident.

(3) Determine a 90% two-sided confidence interval, fol-

lowing the Two One-Sided Test (TOST) procedure,

and compare the result to the acceptance interval

as determined in (2).

Selecting a Linear Range—Often a subset of the con-

centrations measured in the assay will be selected in or-

der to derive a linear concentration–response curve. The

subset can often be identified graphically. If, in the final
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assay, the intent is to use only concentrations in the linear

range, choose a range that will result in parallel straight

lines for the range of relative potencies expected during

routine use of the assay. Otherwise, the assay will fail par-

allelism tests when the problem is actually that the po-

tency produces assay response values outside the linear

range, and repeat assays will be required. The repeat as-

says together with the valid assays may generate a biased

estimate of potency because of the selective process of

repeating assays when the response is in the extremes

of the concentration–response curve.

The problem is more complex in assays where there is

even modest variation in the shape or location of the

concentration–response curve from run to run or from

block to block within an assay. In such assays, which

are quite common, it is appropriate to choose subsets

for each sample in each assay or even in each block with-

in an assay. Note that a fixed-effects model will mask any

need for different subsets in different blocks, but a

mixed-effects model may reveal and accommodate dif-

ferent subsets in different blocks (see section 4.9 Fixed

and Random Effects in Models of Bioassay Response).

Additional specific guidance about selection of data

subset(s) for linear model estimation of relative potency

includes the following: Use at least three and preferably

four adjacent concentrations; require that the slope of

the linear segment is sufficiently steep; and require that

the lines fit to Standard and Test samples are straight and

that the lines are parallel. One way to derive a steepness

criterion is to compute a t-statistic on the slope. If the

slope is not significant the bioassay will have poor perfor-

mance. Another aspect that supports requiring adequate

steepness of slope is the use of subset selection algo-

rithms. Without a suitable slope steepness criterion, a

subset selection algorithm that seeks to identify subsets

of three contiguous data points that are straight and par-

allel might select doses on an asymptote. These are ob-

viously poor subsets to use to estimate potency.

Requiring a slope that has a small P-value is a simple

and appropriate way to steer the subset selection algo-

rithm to more appropriate doses. How steep or how sig-

nificant the steepness of the slope should be depends on

the assay. This criterion should be set during assay devel-

opment and possibly refined during assay validation.

4.6 Common Bioassay Models

Most bioassays consist of a series of concentrations or

dilutions of both a Test article and a Standard material. A

mathematical model is fit to the dose–response data, and

a relative potency is then calculated from the parameters

of the model. Choice of model may depend on whether

quantitative or qualitative data are being analyzed.

For quantitative data, parallel-profile models are pre-

ferred because of their superior statistical properties. If

a parallel-profile model is used, concentrations or dilu-

tions are usually scaled geometrically, usually in 2-fold,

log, or half-log increments. If a slope-ratio model is used,

concentrations or dilutions should be scaled arithmetical-

ly. Several functions may be used for fitting a parallel pro-

file model to quantitative data, including a linear

function, a higher-order polynomial function, a four-pa-

rameter logistic (symmetric sigmoid) function, or a five-

parameter logistic function for asymmetric sigmoids.

Such functions require a sufficient number of concentra-

tions or dilutions to fit the model. It is preferable to have

at least four more concentrations or dilutions than the

number of parameters that will be estimated in the mo-

del. Thus, a linear model with two parameters might re-

quire six concentrations, a quadratic model with three

parameters might require seven concentrations, a four-

parameter model may utilize eight concentrations, and

a five-parameter model may use nine concentrations.

The four- and five-parameter sigmoid models also re-
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quire concentrations that help to establish the asymp-

totes of the response profile. Two concentrations are re-

commended to support each asymptote.

A linear model is sometimes selected because of effi-

ciency and ease of processing. Because bioassay re-

sponse profiles are usually nonlinear, the laboratory

might perform an experiment with a wide range of con-

centrations in order to identify the approximately linear

region of the concentration–response profile. For data

that follow a four-parameter logistic model, these are

the concentrations near the center of the response re-

gion, usually between 20% to 80% response when the

data are rescaled to the asymptotes. Caution is appropri-

ate in using a linear model because for a variety of rea-

sons the apparently linear region may shift. A stable

linear region may be identified after sufficient experience

with the assay and with the variety of samples tested in

the assay. Data following the four-parameter logistic

function may also be linearized by transformation. The

lower region of the function is approximately linear when

the data are log transformed (log–log fit).

Quantal data are typically fit using more complex

mathematical models. A probit or logit model may be

used to estimate a percentile of the response curve (us-

ually the 50th percentile) or, more directly, the relative

potency of the Test to the Standard. Spearman-Kärber

analysis is a nonmodeling method for determining the

50th percentile of a quantal dose–response curve. Note

that the Spearman-Kärber analysis requires a full range

(0% through 100% response) in response to yield an ac-

curate assessment of potency.

4.7 Suitability Testing

System suitability and sample suitability assessment

should be performed to ensure the quality of bioassay re-

sults. System suitability in bioassay, as in other analytical

methods, consists of prespecified criteria by which the

validity of an assay (or perhaps a run containing several

assays) is assessed. Analysts can assess system suitability

by determining that some of the parameters of the Stan-

dard response are in their usual ranges and that some

properties (e.g., residual variation) of all the data are in

their usual range. To achieve high assay acceptance rates,

it is advisable to accept large fractions of these usual

ranges (99% or more) and to assess system suitability

with a few relatively uncorrelated measures. System suit-

ability parameters and their ranges may also be selected

on the basis of empirical or simulation studies that mea-

sure the impact of changes in a parameter on potency

estimation.

Sample suitability in bioassay is evaluated using prespe-

cified criteria for the validity of the potency estimate of an

individual Test article. System and sample validity criteria

should be established after the bioassay has been devel-

oped and before bioassay validation. Where there is lim-

ited experience with the bioassay, these criteria may be

considered tentative.

System Suitability—System suitability parameters may

be selected based on the design and the model of the

procedure. Regardless of the design and model, how-

ever, system suitability parameters should be directly re-

lated to the quality of the bioassay. In parallel-line assays

low values of the Standard slope typically yield estimates

of potency with low precision. Rather than reject assays

with low slope, analysts may find it more effective to tem-

porarily use additional replicate assays until the assay sys-

tem can be improved to consistently yield higher-

precision estimates of potency. It may be particularly re-

levant to monitor the range of response levels and loca-

tion of asymptotes associated with controls or Standard

sample to ensure appropriate levels of response. A drift or

a trend in some of the criteria may indicate a systematic

degradation of a critical reagent or Standard material.
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Statistical process control (SPC) methods should be im-

plemented to detect systematic trends in system suitabil-

ity parameters.

Two common measures of system suitability are assess-

ment of the adequacy of the model (goodness of fit) and

of precision. With replicates, a pure error term may be se-

parated from assessment of lack of fit. Care should be

taken in deriving a criterion for lack of fit. The use of

the wrong error term may result in an artificial assess-

ment. A laboratory may choose alternative measures of

system suitability or add others if deemed necessary or

useful to maintain control of the assay.

For adequacy of the model, a sound measure is the lack

of fit sum of squares from the model for the Standard

alone. This value should be compared to the distribution

of such values obtained historically. If the data are greater

than some threshold percentile (e.g., 99th) of the histor-

ical distribution, then the data are not suitable. Note that

the Test data are not used here. Adequacy of the model

for the Test is implicitly tested with the parallelism assess-

ment.

For assessment of precision, two alternatives can be

considered: One follows an approach similar to the as-

sessment of model adequacy and uses the mean squared

error (residual variance) from the model fit to the Stan-

dard. This requires appropriate replication. However, this

may be associated with a small number of degrees of

freedom for the variance estimate. A second alternative

is to use the mean squared error from the separate model

fits to Standard and Test. Once the measure is selected,

use historical data to determine a threshold for accep-

tance.

Sample Suitability—Sample suitability or sample ac-

ceptance in bioassay consists of two major components:

assessment of similarity and assessment of range. Bioas-

says can report relative potency only from samples that

are similar to Standard and are within the range of the

assay system. Samples for which a relative potency esti-

mate is within range and the samples are not similar to

the Standard should be reported as nonsimilar to Stan-

dard without a quantitative potency estimate.

Similarity— For the assessment of similarity (parallel-

ism), an equivalence testing approach offers advantages.

The equivalence test criterion may be formulated as a hy-

pothesis test where the null hypothesis of nonsimilarity is

that a similarity measure has an absolute value less than a

critical value required to demonstrate similarity. When

the resulting P-value is below a suitable threshold, such

as 0.05, there is sufficient evidence to reject the null hy-

pothesis of nonsimilarity. Also, when a (given P = 0.05)

90% confidence interval on the similarity measure is en-

tirely between the equivalence bounds, there is sufficient

evidence to reject the null hypothesis of nonsimilarity.

Equivalence testing is contrasted with classical hypoth-

esis testing (also known as difference testing) in which

the null hypothesis is that there is no difference between

Standard and Test values of a similarity parameter, be-

cause an equivalence testing approach states that suffi-

ciently similar (at most an unimportant departure from

similarity) is the alternative statistical hypothesis, and

nonsimilarity is the null hypothesis. In this manner, equiv-

alence testing controls (via alpha, the type I error rate)

the risk of falsely declaring samples to be equivalent. With

difference testing the risk of falsely declaring samples to

be equivalent is a type II error. Without careful attention

to and monitoring of the variation of the similarity mea-

sure, the sample size, and the critical value of the similar-

ity measure, analysts run the risk of falsely declaring

samples similar. With equivalence testing, less informa-

tion and monitoring are needed to control the critical risk

of falsely declaring a sample to be similar to Standard.

However, appropriately justified critical values of the sim-

ilarity measure are needed. ‘‘Sufficiently similar’’ must ex-

clude important differences.
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More simply expressed: traditionally, classical hypoth-

esis testing (difference testing)—not equivalence test-

ing—has been used to establish parallelism between a

Test sample and the Standard sample. From such an ap-

proach the laboratory cannot conclude that the slopes

are equal. The data may be too variable, or the assay de-

sign may be too weak to establish a difference. The labor-

atory can conclude that the slopes are sufficiently similar

using the equivalence testing approach.

Equivalence testing has practical advantages com-

pared to difference testing, including that improved as-

say replication or precision will increase the chances that

samples will pass the similarity criteria, that decreased as-

say replication or precision will decrease the chances that

samples will pass the similarity criteria, and that sound

approaches to combining data from multiple assays of

the same sample to better understand whether a sample

is truly similar to Standard or not are obtained.

The challenge in implementing equivalence testing is

in setting appropriate equivalence bounds for the similar-

ity measures. Ideally, information is available to link de-

partures from similarity to relevant outcomes in clinical

or animal data. Information may be available from eval-

uation of similar assays. Because different assays have re-

sponses and doses measured on different scales, it is

challenging to compare changes in slope, intercepts (in

slope-ratio assays), or asymptotes across assays. For per-

spective it can be useful to consider slope differences as a

percentage of the Standard slope. Similarly, it can be use-

ful to consider asymptote (or intercept) differences as a

percentage of the range of the Standard asymptotes.

Though these may not be universal experiences, some

have observed that changes in slopes smaller than 30%

and changes in asymptotes smaller than 5% are rarely

meaningful. Setting critical values for changes in

slopes4 50% or changes in asymptotes4 15% should

be done with special care to ensure that there is a solid

scientific case that these limits are reasonable. In routine

use of the assay, the critical values of similarity parame-

ters should not be on percentage scale because these

scales have more uncertainty (wider confidence limits).

Because of the advantages associated with the use of

equivalence testing in the assessment of similarity, ana-

lysts can transition existing assays to equivalence testing

or can implement equivalence testing methods when

changes are made to existing assays. It is informative to

examine the risk that the assay will fail good samples.

This risk depends on the precision of the assay system,

the amount of replication in the assay system, and the

critical values of the similarity parameters (a process ca-

pability analysis is one approach to this risk analysis). One

approach to transitioning an established assay from dif-

ference testing to equivalence testing (for similarity) is to

use the process capability of the assay to set critical values

for similarity parameters. This approach is reasonable for

an established assay because the risks (of falsely declaring

samples similar and falsely declaring samples nonsimilar)

are implicitly acceptable because of the assay’s history of

successful use. Equivalence testing improves the relation-

ships between these risks with changes in assay precision

or assay sample size. In contrast, a new assay’s capacity

for keeping the risks at acceptable levels is unknown, and

using a process capability analysis to set critical values of

similarity measures would yield an assay system with un-

known and unmanaged risks.

The similarity measures have, in many cases, interpre-

table, practical meaning in the assay (these measures are

based on the parameters of the dose–response curve and

include, e.g., slope for a straight parallel-line assay, inter-

cept for a slope-ratio assay, slope and asymptotes for a

four-parameter logistic parallel-line assay, and slope, as-

ymptotes, and nonsymmetry parameter in a five-param-

eter sigmoid model). In some cases these changes in

curve shape predict certain classes of interaction be-

tween the product and the bioassay. When possible, dis-
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cussion of these interactions and their likely impacts is a

valuable part of setting appropriate equivalence bound-

aries.

Implementing Equivalence Testing for Similarity (parallel-

ism)—Many statistical procedures for assessing similarity

are based on a statistical null hypothesis consistent with

similarity and an alternative hypothesis of some degree

of nonsimilarity. Failure to find statistically significant

nonsimilarity is then taken as a conclusion of similarity.

However, failure to detect nonsimilarity does not prove

similarity. Equivalence testing provides a method for

the analyst to proceed to a conclusion (if warranted by

the data) of sufficiently similar while controlling the risk

of doing so inappropriately. Following is a sequence for

this process:

Step 1: Choose a measure of nonsimilarity. For the

parallel-line case, this could be the difference or ratio

of slopes. (The ratio of slopes can be less sensitive to

the value of the slope. Also, framing the slope differ-

ence as a proportional change from Standard rather

than in absolute slope units has an advantage be-

cause it is invariant to the units on the concentration

and response axes.) For a slope-ratio assay, the mea-

sure of nonsimilarity involves the difference in y-in-

tercepts between Test and Standard samples.

Again, it can be advantageous to frame this differ-

ence as a proportion of the (possibly transformed)

response range of Standard to make the measure in-

variant to the units of the response. For the four-pa-

rameter logistic model, similarity between Standard

and Test samples must be assessed on the basis of

three parameters: the upper asymptote, the slope,

and the lower asymptote. If sigmoid curves with ad-

ditional parameters are used to fit bioassay data, it is

also important to consider addressing similarity be-

tween Standard and Test preparations of the addi-

t iona l curve parameter s (e .g . , asymmetry

parameter of the five-parameter model). The com-

parison could be based on the individual parameters,

one at a time, or some single composite measure of

nonparallelism. One such composite measure is the

parallelism sum of squares. This is found as the differ-

ence in residual sum of squares (RSSE) between the

value obtained from fitting the Standard and Test

curves separately and the value obtained from im-

posing parallelism:

Parallelism sum of squares = RSSEP – RSSES – RSSET

where the subscripts P, S, and T denote Parallel mo-

del, Standard model, and Test model, respectively.

With any composite measure, the analyst must con-

sider the implicit relative weighting of the impor-

tance of the three (or more) parameters and

whether the weighting is appropriate for the prob-

lem at hand. For the parallelism sum of squares, for

example, with nonlinear models, the weighting gi-

ven to the comparison of the asymptotes depends

on the amount of data in the current assay on and

near the asymptotes.

Step 2: Specify a range of acceptable values, typically

termed an equivalence interval or ‘‘indifference

zone,’’ for the measure of nonsimilarity. When a ratio

of slopes is used as a measure of nonsimilarity (non-

parallelism), that measure is free to vary above or be-

low a ratio of 1.0 (a ratio of 1.0 indicates perfect

parallelism). The acceptable values for nonparalle-

lism then constitute an interval. Following are four

approaches that can be used to determine this inter-

val. If pharmacopeial limits have been specified for a

defined measure of nonsimilarity, then the assay

should satisfy these requirements.

a. The first approach is to compile historical data

that compare the Standard to itself and to deter-

mine, from the historical data, the equivalence

interval as a tolerance interval for the measure

of nonparallelism. The advantage of using histor-
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ical data is that they give the laboratory control

of the false-failure rate (the rate of failing an as-

say that is in fact acceptable). The disadvantage

is that there is no control of the false pass rate

(the rate of passing an assay that may have an

unacceptable difference in performance relative

to the Standard). The equivalence interval spec-

ification is driven solely by assay capability. La-

boratories that use this approach should take

care that an assay in need of improvement is

not driving overly wide equivalence intervals.

Also note that any change in assay capability

means changing the equivalence interval—the

interval must be relevant to the assay as it is cur-

rently conducted. Because of its limitations, this

approach is best suited only for early stages in as-

say development where historical data may be

the only information available.

b. The approach of (a) is simple to implement in

routine use and can be used with assay designs

that do not provide reliable estimates of within-

assay variation and hence confidence intervals.

However, there is a risk that assays with larger

than usual amounts of within-assay variation

can pass inappropriately. The preferable alterna-

tive to (a) is therefore to determine a tolerance

interval for the confidence interval for the mea-

sure of nonparallelism. The following is particu-

larly appropriate to transition an existing assay

with a substantial body of historical data on both

Standard and Test samples from a difference

testing approach to an equivalence approach:

i. For each value of the measure of nonparalle-

lism from the historical data, determine a

95% confidence interval, (a, b).

ii. For each confidence interval, determine its

maximum departure from perfect parallel-

ism. This is max(|a|, |b|) for differences,

max(1/a, b) for ratios, and simply b for

quantities that must be positive, such as a

sum of squares.

iii. Determine a tolerance interval for the maxi-

mum departures obtained in (ii). This will be

a two-sided tolerance interval for differences

and ratios and a one-sided tolerance interval

for necessarily positive quantities. A non-

parametric tolerance interval approach is

preferred.

iv. ‘‘Sufficiently parallel’’ is concluded for new

data if the confidence interval for the mea-

sure of nonparallelism falls completely with-

in the interval determined in (iii).

As with (a), this approach is best suited for early

stages in assay development.

c. The third approach starts with historical data

comparing the Standard to itself and adds data

comparing the Standard to known failures, e.g.,

to degraded samples. Compare values of the

measure of nonparallelism for data for which a

conclusion of parallelism is appropriate (Stan-

dard against itself) and data for which a conclu-

sion of parallelism is not appropriate, e.g.,

degraded samples. Based on this comparison,

determine a value of the measure of nonparalle-

lism that discriminates between the two cases. If

using this approach, take care to include more

than extreme examples. The work should in-

clude a range of samples for which a conclusion

of parallelism is not appropriate, and be sure to

cover samples with the minimal important

change. For nonlinear models, this comparison

also can be used to determine which parameters

should be assessed. Some may not be sensitive

to the failures that can occur with the specific as-

say.
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d. The fourth approach is based on what is known

of the product and the assay, much as (0.80,

1.25) is used for bioequivalence of generic prod-

ucts, or based on general experience. For exam-

ple, when the ratio of slopes is not more than 1.3

and not less than 0.77, departure from parallel-

ism is difficult to discern. In contrast, ratios great-

er than 1.5 or less than 0.67 are typically

substantial. A related consideration could be

the therapeutic index of the drug

For approaches (a) and (b), compare the obtained val-

ue of the measure of nonparallelism (a) or its confidence

interval (b) to the interval obtained at the beginning of

Step 2. The value must be within the limits if one uses (a),

or the confidence interval must be completely within the

limits if one uses (b).

For approach (c), an alternative approach can be used.

This approach essentially treats the parallelism as a dis-

crimination problem. The choice of the cut point in (c)

should take into account the rates of false positive and

false negative decisions (and the acceptable risks to the

laboratory) and should reflect the between-assay vari-

ability in precision. Thus it is reasonable to compare the

point estimate of the measure of nonparallelism to the

cut point and to not use confidence intervals. This ap-

proach is simpler to implement in routine use and can

be used with assay designs that cannot provide reliable

estimates of within-assay variation.

For approach (d), demonstrate that the measure of

nonparallelism is significantly greater than the lower end-

point of the acceptance interval and significantly less

than the upper endpoint. (If the acceptance interval is

one-sided, then apply only the single applicable test.)

This is use of the TOST procedure. For most situations,

TOST can be most simply implemented by calculating a

90% two-sided confidence interval, which corresponds

to a 5% equivalence test. If this confidence interval lies

entirely within the equivalence interval specified at the

beginning of Step 2, then similarity is sufficiently demon-

strated. For parallel-line models, one can use the confi-

dence interval based on value + k times the standard

error of the value for the difference of slopes or Fieller’s

Theorem for the ratio of slopes. (This also applies to the

difference of intercepts in slope-ratio models.) For non-

linear models, there is evidence that these simple confi-

dence interval methods do not attain the stated level of

confidence, and methods based on likelihood profile or

resampling are more appropriate.

An alternative to the approach described above is to

use an average (historical) value for the variance of the

ratio or difference in a similarity parameter—obtained

from some number of individual assays—to compute

an acceptance interval for a point estimate of the similar-

ity parameter. This approach is simpler to implement in

routine use and can be used with assay designs that are

unable to provide reliable estimates of within-assay vari-

ation. However, there is a price. The equivalence testing

approach that relies on assay-specific (within-assay) mea-

sure(s) of variation (i.e., the confidence intervals) is con-

servative in the sense that it will fail to pass similarity for

samples from assays that have larger than usual amounts

of within-assay variation. Using an acceptance region for

a similarity parameter—rather than an acceptance re-

gion for confidence intervals for the similarity parame-

ter—loses this conservative property and hence is not

preferred where alternatives exist.

Range—The range for a relative potency bioassay is the

interval between the upper and lower relative potencies

for which the bioassay is demonstrated to have a suitable

level of similarity, precision, accuracy, and assay linearity.

It is straightforward to determine whether or not a sam-

ple that is similar to a Standard has a relative potency

within the (validated) range of the assay system. For sam-

ples that are apparently not similar according to standard

assay methodology, it is more challenging to determine

whether a relative potency estimate for the sample might
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be obtained. In a nonlinear parallel-line assay a sample

that does not have data on one asymptote can usually

be assumed to be out of the potency range of the assay.

In a parallel straight-line assay a sample that does not

have three or more points on the steep portion of the re-

sponse curve can also be assumed to be out of the poten-

cy range of the assay. In some assay systems fit with

nonlinear models, it may be reasonable to declare a sam-

ple to be out of range based on an estimate of relative

potency that is not predicated on a demonstration of

similarity. In some assay systems fit with parallel

straight-line models, it may be reasonable to declare a

sample out of range using a crude potency estimate

based on a subset of the Test sample that contains only

two doses.

4.8 Outliers

Bioassay data should be screened for outliers before rel-

ative potency analysis. Outliers may be a simple random

event or a signal of a systematic problem in the bioassay.

Systematic error that generates outliers may be due to a

dilution error at one or more concentrations of a Test ar-

ticle or the Standard or due to a mechanical error (e.g.,

system malfunction). Several approaches for outlier de-

tection can be considered. Visual inspection is frequently

utilized but should be augmented with a more objective

approach to avoid potential bias.

An outlier is a datum that appears not to belong

among the other data present. An outlier may have a dis-

tinct, identifiable cause, such as a mistake in the bench

work, equipment malfunction, or a data recording error,

or it could just be an unusual value relative to the variabil-

ity typically seen and may appear without an identifiable

cause. The essential question pertaining to an outlier be-

comes: Is the apparent outlier sampled from the same

population as the other, less discordant, data, or is it from

another population? If it comes from the same popula-

tion and the datum is, therefore, an unusual (yet still le-

gitimate) value obtained by chance, then the datum

should stand. If it comes from another population and

the datum’s excursive value is due to human error or in-

strument malfunction, then the datum should be omit-

ted from calculations. In practice, the answer to this

essential question is often unknown, and investigations

into causes are often inconclusive. Outlier management

relies on procedures and practices to yield the best an-

swer possible to that essential question and to guide re-

sponse accordingly.

General chapter Analytical Data—Interpretation and

Treatment h1010i, addresses outlier labeling, identifica-

tion, and rejection, including statistical methods, and

provides material that the bioassay practitioner will find

useful. General chapter h1010i also lists additional

sources of information that can provide a comprehensive

review of the relevant statistical methodology. General

chapter h1010imakes no explicit remarks regarding out-

lier analysis in linear or nonlinear regression. Outlier anal-

ysis techniques appropriate for data obtained from

regression of response on concentration can be used.

Some remarks about outliers are provided here in the

context of bioassays to emphasize or complement the in-

formation in h1010i.

Of the procedures employed for analysis of drug com-

pounds and biological drugs, the bioassay can be expect-

ed to be the most prone to outlying data. The

management of outliers is appropriate with bioassay da-

ta on at least two levels: where an individual datum or a

group of data (e.g., data at a concentration) can be

checked against expected responses for the sample and

concentration; and, separately, when estimates of rela-

tive potency from an assay can be checked for consisten-

cy with other independent estimates of the potency of

the same material.

Three important aspects of outlier management are

prevention, labeling, and identification.
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Outlier prevention is obviously preferred and is facilitat-

ed by procedures that are less subject to error and by

checks that are sensitive to the sorts of errors that, given

the experience gained in assay development, may be ex-

pected to occur. In effect, the error never becomes an

outlier because it is prevented from occurring.

Good practice calls for the examination of data for out-

liers and labeling (‘‘flagging’’) of the apparently outlying

observation(s) for investigation. If investigation finds a

cause, then the outlying datum may be excluded from

analysis. Because of the ordinary occurrence of substan-

tial variability in bioassay response, a laboratory’s investi-

gation into the outlying observation is likely to yield no

determinable cause. However, the lack of evidence re-

garding an outlier’s cause is not a clear indication that

statistical outlier testing is warranted. Knowledge of the

typical range of assay response variability should be the

justification for the use of statistical outlier tests.

Outlier identification is the use of rules to confirm that

the values are inconsistent with the known or assumed

statistical model. For outliers with no determined cause,

it is tempting to use statistical outlier identification proce-

dures to discard unusual values. Discarding data solely

because of statistical considerations should be a rare

event. Falsely discarding data leads to overly optimistic

estimates of variability and can bias potency estimates.

The laboratory should monitor the failure rate for its out-

lier procedure and should take action when this is signi-

ficantly higher than expected.

Statistical procedures for outlier identification depend

on assumptions about the distribution of the data with-

out outliers. Identification of data as outliers may mean

only that the assumption about distribution is not cor-

rect. If dropping outliers because of statistical considera-

tions is common, particularly if outliers tend to occur

more often at high values or at high responses, then this

may be an indication that the data require some adjust-

ment, such as log transformation, as part of the assay

procedure. Following are presentations of two approach-

es to statistical assessment of outlying data: replication

based and model based.

Replication-Based Approaches—When replicates are

performed at concentrations of a Test article and the

Standard, an ‘‘extra variability’’ (EV) criterion may be em-

ployed to detect outliers. Historical data can be analyzed

to determine the range in variability commonly observed

among replicates, and this distribution of ranges can be

used to establish an extreme in the range that might sig-

nal an outlier. Metrics that can be utilized are the simple

range (maximum replicate minus minimum replicate),

the standard deviation, or the CV or RSD among repli-

cates. However, if the bioassay exhibits heterogeneity

of variability, assumptions about uniform scatter of data

are unsupported. Analysts can use a variable criterion

across levels in the bioassay, or they can perform a trans-

formation of the data to a scale that yields homogeneity

of variability. Transformation can be performed with a

POM approach as discussed previously. Where heteroge-

neity exists nonnormality is likely present, and the range

rather than standard deviation or RSD should be used.

The actions taken upon detection of a potential outlier

depend in part on the number of replicates. If EV is de-

tected within a pair (n = 2) at a concentration of a Test

article or the Standard, it will not always be clear which of

the replicates is aberrant, and the laboratory should elim-

inate the concentration from further processing. If more

than two replicates are performed at each dilution the la-

boratory may choose to adopt a strategy that identifies

which of the extremes may be the outlier. Alternatively

the laboratory may choose to eliminate the dilution from

further processing.

Outliers may also be detected among replicate poten-

cy measurements on a Test article from a series of runs.

Methods for outlier detection are described in h1010i, or

analysts may use methods described above for replicates

within a dilution of a Test article or the Standard.
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Model-Based Approaches—Model-based approaches

may be used to detect outliers within bioassay data.

These approaches use the residuals from the fit of the ap-

propriate bioassay model (the difference between the

observed response and the response predicted by the

model). Statistical methods are available for assessing

outliers among residuals in this framework. Statistical

support should be obtained in order to identify a method

that is suitable for a particular application.

Lastly, an alternative to discarding outlying data is to

use robust methods that are less sensitive to influence

by outlying observations. Use of the median rather than

the mean to describe the data’s center exemplifies a ro-

bust perspective. Also, regression using the method of

least squares, which underlies many of the methods in

this chapter, is not robust in the presence of outliers.

The use of contemporary methods of robust regression

may be appropriate. This is left for investigation beyond

this chapter.

4.9 Fixed and Random Effects in Models of

Bioassay Response

The choice of treating design factors as fixed or ran-

dom is important both to the design and the statistical

analysis of the assay. Fixed effects are factors for which

all levels, or all levels of interest, are discretely present,

e.g., concentration. Fixed effects, such as temperature

and duration of thaw, are expected to cause a consistent

shift in responses. Analysts study fixed effects by control-

ling them in the design and examining changes in means

across levels of the factor. In a bioassay, sample and con-

centration are fixed effects. Studies of other fixed effects

are typically performed early in assay development as

part of the process of optimizing assay performance.

Random effects are factors whose levels in a particular

run of an assay are considered representative of levels

that could have been present. That is, there is no expec-

tation of a particular value for a random effect. Rather,

that value may vary subject to some expected distribu-

tion of values and thus may be a source of variability. Ex-

amples of random effects include reagent lot, operator,

or date of assay if there is no interest in specific reagent

lots, operators, or dates as sources of variability. Analysts

study random effects by measuring the variance compo-

nents corresponding to each random effect. As with

fixed effects, these are profitably studied during assay de-

velopment.

The choice of treating a factor as fixed or random is im-

portant to the design of the assay and to proper report-

ing of its precision. Treating all factors as fixed, for

example, leads to an understatement of assay variability

because it ignores all sources of variability other than rep-

lication. The goal is to identify specific sources of variabil-

ity that can be controlled, to properly include those

factors in the design, and then to include other factors

as random.

Additionally, if the factor may switch from random to

fixed effect or vice versa, the factor should be modeled as

a random effect. For example, reagent lots cannot be

controlled, so different lots are typically considered to

cause variability, and reagent lot would be considered a

random effect. However, if a large shift in response values

has been traced to a particular lot, a comparison among

a set of lots could be performed using the predicted lev-

els of each lot’s fixed effect. Similarly, within-assay loca-

tion (e.g., block, plate, plate row, plate column, or

well) or sequence may be considered a source of random

variation or a source of a consistent (fixed) effect.

Assay designs that consist of multiple factors are effi-

cient, but they require corresponding statistical tech-

niques that incorporate the factors as fixed or random

effects in the analysis. If all factors are fixed, the statistical

model is termed a fixed-effects model. If all are random,

it is termed a random-effects model. If some factors are

fixed and some random, the model is a mixed-effects
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model. Note that the concepts of fixed and random ef-

fects apply to models for qualitative and integer respon-

ses as well as for quantitative responses.

For assay designs that include multiple experimental

units (e.g., samples assigned to sets of tubes and concen-

trations assigned to preplate tubes) a mixed-effects mo-

del in which the experimental units are treated as

random effects is particularly effective.

5. STAGES IN THE BIOASSAY PROCESS

5.1 Design: Assay Layout, Replication Strategy,

Blocking, and Randomization

Assay Layout—The assay layout depends on the type of

bioassay being performed. In general all bioassays in-

clude operational units such as wells of a plate or individ-

ual animals to which one of a series of concentrations of a

Test article or a Standard is administered. The numbers

and levels of concentrations, as well as numbers and or-

igin of the replicates of each concentration constitute a

portion of the assay layout. Layout considerations should

be weighed against the potential for bias and their im-

pact on bioassay variability. To the extent possible, oper-

ations that potentially can lead to bias should be

managed so that the bias is translated into random vari-

ability. This is because although random variability can

be effectively managed by replication, bias cannot.

Most cell-based assays are performed using a cell cul-

ture plate (6-, 12-, 96-, or 384-well microtiter plate) that

not only must support cell culture in a uniform fashion

from well to well but may also undergo a series of wash

steps and incubations that may induce different cell re-

sponses in certain regions of the plate. One goal during

development is to find operating conditions for the assay

so that the cell responses to the analyte are free of sys-

tematic effects across the plate, across multiple plates,

and across assays. Consistent performance is an impor-

tant component of assay capability. Even assay condi-

tions intended to minimize the potential for systematic

bias (e.g., good analyst technique, careful calibration of

pipettes, control of incubation time or temperature) of-

ten yield systematic gradients on the plate. These gradi-

ents may occur across rows, across columns, or from the

edge to the center of the plate and are termed plate ef-

fects. Even modest-sized or inconsistent gradients (across

plates, days, or analysts) should be addressed during as-

say development (plate layout, randomization, and rep-

lication).

Plate effects can be evaluated in a uniformity trial in

which a single assay dose (often chosen from the portion

of the assay curve that represents the greatest sensitivity

to change in dose) is used across the entire plate. In the

3D plot seen in Figure 1, a trend of decreasing signal is

evident from right to left. In this instance, the wash pro-

gram for the platewasher had to be adjusted because

plates were being washed harder on the left side of the

plate. Another common plate effect is a differential cell-

growth pattern in which the outer wells of the plate grow

cells in such a way that the assay signal is attenuated.

When this occurs, it is best to not utilize the outer wells

of the assay plate.
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Figure 1. 3D plot of change in sensitivity across a plate (note decreasing sensitivity from right to left).

Complete randomization of sample treatments and di-

lutions has been advocated as the best approach to min-

imizing assay bias or, more accurately, to protecting the

assay results from known and unknown sources of bias

by converting the latter into variance. Randomization

constitutes a good strategy because it addresses system-

atic bias. Increased replication alone is likely to improve

precision, but it cannot address systematic bias without

some degree of randomization. Even when complete

randomization is not practical, a plate layout can be de-

signed to minimize plate effects by alternating sample

positions across plates and the pattern of dilutions within

and across plates. When no plate effects are evident, the

plate layout design should, at minimum, alternate sam-

ple positions across plates within an assay run to accom-

modate possible bias introduced by the analyst or

equipment on a given day. It is prudent to use a balanced

rotation of layouts on plates so that the collection of rep-

licates (each of which uses a different layout) provides

some protection against likely sources of bias.

Figure 2 illustrates the design of a single assay plate

wherein the samples are titrated in two different direc-

tions. This can help protect against plate column effects.

Figure 3 illustrates a simple alternation of Test (Test sam-

ple 1 = ‘‘1’’; Test sample 2 = ‘‘2’’) and Standard (R) posi-

tions across plates (across a single assay run). If the

samples are alternated to different positions across an as-

say run, the design can help protect against plate row ef-

fects. Combining the two methods can effectively help

convert plate bias into assay variance, which can be ad-

dressed by increased assay replication (increased number

of plates in an assay).

For additional discussion of randomization, see Block-

ing and Rrandomization, below.
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Figure 2. A single assay plate in which samples are titrated in two different directions.

Figure 3. Schematic of a single assay plate with simple alternation of Test samples’ and Standard positions.

Replication Strategy—Concentrations of a Test article

and the Standard can be derived in multiple ways. Labor-

atories that use manual multichannel pipettes often per-

form serial dilutions wherein each dilution is prepared

from one or more previous dilutions of the material. Al-

ternatively the laboratory may prepare independent dilu-

tions from the Test article and Standard to obtain the

concentration series. These two strategies result in the

same nominal concentrations, but they have very differ-

ent properties related to bias and noise. Serial dilutions

are subject to propagation of error across the dilution se-

ries, and a dilution error made at an early dilution will re-

sult in a shift in the dilution profile throughout the series.

Independent dilutions help mitigate the bias resulting

from such a dilution error. Although serial dilutions are

easier to perform in manual operations, independent di-

lutions can be readily obtained with robotics.
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Replicates at each concentration similarly may be

achieved in several ways. When multiple units of volume

from a single point in a dilution series are dispensed into

multiple wells, pseudoreplicates are present. Other stra-

tegies that provide more useful information are using in-

dependent dilution series of the Test article and Standard

or making independent dilution replicates at each dilu-

tion point from each material. The reward for indepen-

dent replicates is less potential bias and greater precision.

The number and levels of concentrations depend on

desired throughput and the model that will be used to

process bioassay data. The number of concentrations

should increase as the number of model parameters in-

creases. Linear modeling requires fewer concentrations

than do nonlinear logistic regression models (see Section

3. Bioassay Fundamentals). Additionally, the levels of con-

centrations should be selected to support the model. For

a linear model at least four concentrations are desirable

to assess goodness of fit and obtain reliable estimates of

relative potency. For four- or five-parameter logistic

models it is useful to have at least four concentrations

in the ‘‘linear’’ region of the curve and at least two con-

centrations in the minimum and maximum regions (as-

ymptotes).

Blocking and Randomization—Blocking and ran-

domization are used to transform bias into random vari-

ability. Bias is introduced into bioassay measurement by

operational factors related to instrumentation and the bi-

oassay environment. Operational factors that may in-

duce bias are edge effects in plate-based bioassays,

reaction across a plate in a time-sensitive bioassay, and

cage location in animal-based bioassays. The influence

of these effects is mitigated by blocking and randomiza-

tion, either separately or in combination. Blocking is the

grouping of related experimental units in experimental

designs, such as a dilution series of a Test article or the

Standard. Randomization is the process of assigning

treatment to experimental units based on chance so that

all equal-sized groups of units have an equal chance of

receiving a given treatment, e.g., the placement of a bi-

oassay unit or a block in random configuration in a bio-

assay.

Different blocking and randomization strategies can be

utilized by a bioassay laboratory. Figure 4 illustrates a

poor plate-based assay design. Dilutions and replicates

of the Test preparations (A and B) and the Standard (R)

are placed together on the plate. Bias due to a plate or

incubator effect can influence part or all of the concen-

trations of one of the samples.

Figure 4. Schematic of a poorly designed plate (note that dilutions and replicates of the Test preparations and the

Standard are placed together on the plate).
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A split-plot design, an alternative that randomizes sam-

ples across plate rows and dilutions (concentrations)

within each row, is seen in Figure 5. Such a strategy is te-

dious and requires robotics for routine reliability.

A layout that provides some protection from plate ef-

fects and can be performed manually is a strip-plot de-

sign, shown in Figure 6.

Here samples are again randomized to rows of a plate,

but dilution series are performed in different directions in

different locations on the plate to mitigate bias across

columns of the plate. An added advantage of the strip-

plot design is the ability to detect a plate effect by the

interaction of sample and dilution direction (left-to-right

or right-to-left).

For related discussion pertaining to plate effects in cell-

based assays, see Assay Layout, above.

5.2 Development

Assay development ends with the completion of the

standard operating procedure (SOP) for the bioassay.

The SOP is a documented protocol for bioassay imple-

mentation. The SOP should include enough detail so that

a qualified laboratory with a trained analyst can perform

the procedure in a routine manner. A strategic part of de-

velopment is a look forward toward performance main-

tenance. Standard operating procedures for reagent and

technician qualification, as well as for calibration of the

working Standard, help complete the bioassay develop-

ment package.

Figure 5. Schematic of a split-plot design.

Figure 6. Schematic of a strip-plot design.

One Factor at a Time vs Design of Experiments—

Bioassay development proceeds through a series of ex-

periments in which conditions and levels of assay factors

are varied to identify those that support a reliable and ro-

bust bioassay qualified for routine use. Those experi-

ments may be conducted one factor at a time (OFAT),

studying each parameter separately to identify ideal con-

ditions, or through the use of multi-factor design of ex-

periments (DOE). DOE is an efficient and effective

strategy for developing a bioassay and optimizing bioas-

say performance, thus helping to obtain a measurement

system that meets its requirements. In comparison to

OFAT, DOE generally requires fewer experiments and also

provides insight into interactions of factors that affect bi-

Pharmacopeial Forum
982 IN-PROCESS REVISION Vol. 36(4) [July–Aug. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



oassay performance. Assay development and optimiza-

tion using DOE proceeds through a series of steps: pro-

cess mapping and risk analysis; screening; response

optimization; and confirmation.

Process Mapping and Risk Analysis—Bioassay opti-

mization begins with a systematic examination of bioas-

say factors and a risk assessment to identify those factors

that may influence performance. It is useful to visualize

bioassay factors using a bioassay process map such as a

cause-and-effect or fishbone diagram. Using the process

map as a guide, the laboratory can examine assay factors

that might affect assay performance, such as buffer pH,

incubation temperature, and incubation time. Historical

experience with one or several of the bioassay steps,

along with sound scientific judgment, can identify key

factors that require further evaluation. One tool that

may be used to prioritize factors is a failure mode and ef-

fects analysis. Factors are typically scored by the combi-

nation of their potential severity and the likelihood that

they will occur. The laboratory must be careful to recog-

nize potential interactions between assay parameters.

Screening—Once potential key factors have been iden-

tified from process mapping and risk analysis, the labor-

atory should conduct an initial screening experiment to

probe for effects that may require control. Screening de-

signs such as factorial and fractional factorial designs are

commonly used for this purpose. Software is available to

assist the practitioner in the selection of the design and in

subsequent analysis. Analysts should take care, however,

to understand their assumptions about design selection

and analysis to ensure accurate identification of experi-

mental factors. Care should also be taken in defining de-

sign variables, which are measurements made from

design runs and should be directly or indirectly related

to bioassay performance.

Response Optimization—A screening design will us-

ually detect a few important factors from among those

studied. Such factors can be further studied in a re-

sponse-optimization design. Response-optimization de-

signs such as central composite designs are performed

to determine optimal settings for combinations of bioas-

say factors for achieving desired response. The informa-

tion obtained from response optimization is typically

depicted as a response surface and can be used to estab-

lish ranges that yield acceptable assay performance. With

the advent of Quality by Design, that region is called the

design space for the bioassay. This is also the set of ranges

that will be incorporated into the bioassay SOP.

Confirmation—The mathematical model depicting as-

say performance as a function of changes in key assay

factors is an approximation. Thus it is customary to con-

firm performance at the ideal settings of the bioassay.

Confirmation can take the form of a qualification trial

in which the assay is performed, preferably multiple inde-

pendent times using optimal values for factors. Or the la-

boratory may determine that the bioassay has been

adequately developed and may move to validation.

Qualification is a good practice, not a regulatory require-

ment. The decision to perform confirmatory qualifying

runs or to engage in validation is a business decision

and depends upon the strength of the accumulated in-

formation obtained throughout development.

5.3 Data Analysis During Assay Development

Analysis of bioassay data during assay development en-

ables analysts to make decisions regarding the statistical

model that will be used for routine analysis, including

transformation and/or weighting of data. The analysis

also provides information regarding which elements of

design structure should be used during outlier detection

and the fitting of a full model. This may also include a

plan for choosing subsets of data, such as a linear por-
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tion, for analysis or, for nonlinear bioassays, a model re-

duction strategy for samples similar to Standard. Once

these decisions are made and checked during validation,

they are not revisited for each bioassay analysis. These

goals may be pursued in a stepwise manner, as follows:

Step 1: Choose an appropriate statistical model (see

section 4.6 Common Bioassay Models). Many consid-

erations are involved in making this determination.

First, the model should be appropriate for the type

of assay endpoint—continuous, a count, or pre-

sent/absent. Second, the model should incorporate

the structure of the assay design. For any design oth-

er than completely randomized, there will be terms

in the model for the structural elements. These could

be, for example, within-plate blocking, location of

cage in the animal facility, day, etc. A third consider-

ation is applicable to continuous endpoints and in-

volves whether to use a regression model or a

means model (an analysis of variance model that fits

a separate mean at each dilution level of each sample

tested), with appropriate error terms.

Step 2: Fit the chosen statistical model to the data

without the assumption of parallelism, and then as-

sess the distribution of the residuals (differences be-

tween the data and the model), specifical ly

examining them for departures from normality and

constant variance. Transform the data as necessary

or, if needed, choose a weighting scheme (section

4.3 Variance Heterogeneity, Weighting, and Transfor-

mation). Use as large a body of assay data as possible

for this step—at least several, and preferably dozens,

of independent assays. The primary goal is to address

any departure from constant variance of responses

across the range of concentrations in the assay. Step

2 will likely alternate between imposing a transfor-

mation and assessing the distribution of the resi-

duals.

Step 3: Screen for outliers. This step normally follows

the initial choice of a suitable transformation and/or

weighting method. Outlier analysis should be con-

ducted in a predefined and consistent manner and

is best done on the residuals from a model that is

fit to all the data within an assay. Ideally the model

used for outlier detection contains the important el-

ements of the assay design structure, allows nonsimi-

lar curves, and makes fewer assumptions about the

functional shape of the concentration–response

curve than did the model used to assess similarity.

Outlier analysis on a small number of replicates or

pseudoreplicates is inadvisable. See section 4.8 Out-

liers and general chapter h1010i. In some cases out-

liers may be so severe that a reasonable model

cannot be fit, and thus residuals will not be available.

In such cases, it is necessary to screen the raw data

for outliers before attempting to fit the model.

Step 4: Remove outliers as appropriate. See section

4.8 Outliers for a discussion of methods. Routinely,

before an observation is declared an outlier, an inves-

tigation should be conducted to determine whether

a cause can be identified.

During development, prepare instructions for the in-

vestigation and treatment of an outlier observation,

including any limits on how many outliers are ac-

ceptable. Include these instructions in the assay pro-

cedure. Good practice includes recording the result

of this investigation, outlier test(s) applied, and re-

sults from the latter. Note that outlier procedures

must be considered apart from the investigation

and treatment of an out-of-specification (OOS) result

(reportable value). Decisions to remove an outlier

from data analysis should not be made on the basis

of how the reportable value will be affected in terms

of a potential OOS result.
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Removing data as outliers should be rare. If many val-

ues from a run are removed as outliers, that run

should be considered suspect.

Step 5: After outlier removal, refit the model with the

transformation and/or weighting previously im-

posed (Step 2) and re-assess the appropriateness of

the model.

Step 6: If necessary or desired, choose a scheme for

identifying subsets of data to use for potency estima-

tion, whether the model is linear or nonlinear (see

section 4.5 Linearity of Concentration–Response Data).

5.4 Bioassay Validation

The bioassay validation is a protocol-driven study that

demonstrates that the procedure is fit for use. The valida-

tion should not be carried out until there are no expecta-

tions of further changes in the procedure and an assay

SOP has been developed. Preliminary system and sample

suitability controls should be established and clearly writ-

ten into the assay SOP. These may be finalized based on

additional experience gained from the validation exerci-

se.Chapter h1033i provides details regarding the design

and analysis of the validation.

5.5 Bioassay Maintenance

The development and validation of a bioassay, though

discrete operations, lead to ongoing activities. Assay im-

provements may be implemented as technologies

change, as the laboratory becomes more skilled with

the procedure, and as changes to bioassay methodology

require re-evaluation of bioassay performance. Some of

these changes may be responses to unexpected perfor-

mance during routine processing. Corrective action

should be monitored using routine control procedures.

Substantial changes may require a study verifying that

the bioassay remains fit for use. An equivalence testing

approach can be used to show that the change has re-

sulted in acceptable performance. A statistically oriented

study can be performed to demonstrate that the change

does not compromise the previously acceptable perfor-

mance characteristics of the assay.

Assay Transfer—Assay transfer assumes both a known

intended use of the bioassay in the recipient lab and the

associated required capability for the assay system. These

implicitly, though perhaps not precisely, inform limits on

the amount of bias and precision degradation allowed

between labs. Consider, for example, an assay with an es-

tablished potency range from 0.5 to 2.0 with validation

data demonstrating bias less than 5% and intermediate

precision from a single assay of 9% geometric relative

standard deviation. If this assay is used to support a pro-

duct with a potency specification of 0.71 to 1.41, repli-

cate assays will be required on each lot to achieve a

process capability of 1.3. Using two laboratories inter-

changeably to support one product will require consider-

ing variation between labs in addition to intermediate

precision for sample size requirements to determine pro-

cess capability. With only two laboratories it is not sensi-

ble to estimate a variance, and so an estimate of

reproducibility is not available. It is reasonable to deter-

mine a 90% confidence interval on the bias between labs

and to add the most extreme endpoint of this bias inter-

val to the assay bias in the process capability calculation.

Working through these calculations for various magni-

tudes of assumed bias will demonstrate the impact of

various assay transfer bias acceptance limits on the future

replication requirements of the assay system. For a dis-

cussion and example pertaining to the interrelationship

of bias, process capability, and validation, see A Bioassay

Validation Example in h1033i.

Improving or Updating a Bioassay System—If a

new version of a bioassay improves the bias, precision,

range, robustness, or specificity, the new version may

Pharmacopeial Forum
Vol. 36(4) [July–Aug. 2010] IN-PROCESS REVISION 985

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



lower the operating costs or offer other compelling ad-

vantages. When improving or updating a bioassay sys-

tem analysts can use a bridging study to compare the

performance of the new vs established versions. A wide

variety of samples (e.g., lot release, stability, stressed, crit-

ical isoforms) should be used for demonstrating equiva-

lence of estimated potencies. Compare the performance

of the new and existing assays using the method de-

scribed above under Assay Transfer. If the assay systems

are very different (e.g., an animal bioassay vs a cell-based

bioassay) but use the same Standard and mechanism of

action, one can reasonably expect comparable poten-

cies. If the new assay uses a different Standard, the min-

imum requirement for a comparison is a unit slope of the

log linear relationship between the estimated potencies.

An important implication of this recommendation is that

poor precision or biased assays used early can have last-

ing impact on the replication requirements, even if the

assay is later replaced by an improved assay.&2S (USP34)

BRIEFING

h1033i Biological Assay Validation. General chapter Biological
Assay Validation h1033i is a companion chapter to three other
proposed USP chapters pertaining to bioassay: Design and De-
velopment of Biological Assays h1032i; Analysis of Biological As-
says h1034i; and a ‘‘roadmap’’ chapter (as yet unnumbered)
that will include a glossary applicable to h1032i, h1033i and
h1034i. Taken together, these general chapters update and ex-
pand on information provided in general chapter h111i, which
will continue to be available with modifications. A draft of
h1033i previously appeared in Pharmacopeial Forum 35(2)
[Mar.–Apr. 2009] on pages 349–367. This revision, which incor-
porates responses to comments received regarding the chap-
ter, as well as further sections to describe bioassay validation,
is presented as a new draft and the previous PF 35(2) draft is
hereby canceled. USP encourages input from all interested par-
ties regarding h1033i and its companion chapters. USP’s intent
is to reflect the best contemporary thought regarding bioassay
validation. This will be achieved when the bioassay community
takes advantage of this opportunity to engage in the chapter’s

development by responding to the material in this In-Process
Revision. Comments regarding this material should be sent to
Tina S. Morris, PhD (tsm@usp.org).

(STAT: T. Morris.) RTS—C77512

Add the following:

&h1033i BIOLOGICAL ASSAY
VALIDATION

1. INTRODUCTION

Biological assays (also called bioassays) are an integral

part of the quality assessment required for the manufac-

turing and marketing of many biological and some non-

biological drug products. Bioassays commonly used for

drug potency estimation can be distinguished from

chemical tests by their reliance on a biological substrate

(e.g., animals, living cells, or functional complexes of tar-

get receptors). Because of multiple operational and bio-

logical factors arising from this reliance on biology, they

typically exhibit a greater variability than do chemically-

based tests.

Bioassays are one of several physicochemical and bio-

logic tests with procedures and acceptance criteria that

control critical quality attributes (measurands) of a bio-

logical drug product. As described in the ICH Guideline

entitled Specifications: Test Procedures And Acceptance

Criteria For Biotechnological/Biological Products (Q6B),

section 2.1.2, bioassay techniques may measure an or-

ganism’s biological response to the product; a biochem-

ical or physiological response at the cellular level;

enzymatic reaction rates or biological responses induced

by immunological interactions; or ligand- and receptor-

binding. As new biological drug products and new tech-

nologies emerge, the scope of bioassay approaches is

likely to expand. Therefore, general chapter Biological As-

say Validation h1033i emphasizes validation approaches
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that provide flexibility to adopt new bioassay methods,

new biological drug products, or both in conjunction

for the assessment of drug potency.

Good Manufacturing Practice requires that test meth-

ods used for assessing compliance of pharmaceutical

products should meet appropriate standards for accura-

cy and reliability. Assay validation is the process of dem-

onstrating and documenting that the performance

characteristics of the procedure and its underlying meth-

od meet the requirements for the intended application

and that the assay is thereby suitable for its intended

use. USP general chapter Validation of Compendial Proce-

dures h1225i describes the assay performance character-

istics that should be evaluated for procedures supporting

small-molecule pharmaceuticals and is broadly based on

their use for lot release, marketplace surveillance, and

similar applications. Although application of these valida-

tion parameters is straightforward for many types of an-

alytical procedures for well-characterized, chemically-

based drug products, their interpretation and applicabil-

ity for some types of bioassays has not been clearly delin-

eated.

Assessment of bioassay performance is a continuous

process, but bioassay validation should be performed

when development has been completed and the bioas-

say standard operating procedure (SOP) has been ap-

proved. Bioassay validation is guided by a validation

protocol describing the goals and design of the valida-

tion study. General chapter h1033i provides validation

goals pertaining to relative potency bioassays. Relative po-

tency bioassays are based on a comparison of bioassay

responses for a Test sample and a designated Standard,

allowing a judgment regarding the activity of the Test rel-

ative to that of the Standard.

Validation parameters discussed include relative accura-

cy, specificity, intermediate precision, and range. Laborato-

ries may use dilutional linearity to verify the relative

accuracy and range of the method. Although robustness

is not a requirement for validation, general chapter

h1033i recommends that a bioassay’s robustness be as-

sessed either prevalidation or with additional experi-

ments soon after the validation. In addition, h1033i

describes approaches for validation design (sample selec-

tion and replication strategy), validation acceptance cri-

teria, data analysis and interpretation, and finally

bioassay performance monitoring through quality con-

trol. Documentation of bioassay validation results is also

discussed, with reference to prevalidation experiments

performed to optimize bioassay performance. In the re-

mainder of general chapter h1033i the term bioassay is

used to indicate a relative potency bioassay.

2. FUNDAMENTALS OF BIOASSAY VALIDATION

The goal of validation for a bioassay is to confirm the

operating characteristics of the procedure for its intend-

ed use. Multiple dilutions (concentrations) of one or

more Test samples and the Standard sample are included

in a single bioassay. These dilutions are herein termed a

replicate set, which contains a single biological substrate

as sampling unit, e.g., group of animals or vessel of cells,

at each dilution for each sample [Test(s) and Standard]. A

run consists of performing assay work during a period

when the accuracy (trueness) and precision in the assay

system can reasonably be expected to be stable. In prac-

tice, a run frequently consists of the work performed by a

single analyst in one lab, with one set of equipment, in a

short period of time (typically a day). An assay is the body

of data used to assess similarity and estimate potency rel-

ative to Standard for each Test sample in the assay. A run

may contain multiple assays, a single assay, or part of an

assay. Determining what will be an assay is an important

strategic decision. The factors involved in that decision

are described in greater detail in general chapter Design

and Development of Bioassays h1032i and are assumed to

be resolved by the time a bioassay is in validation. Multi-
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ple assays may be combined to yield a reportable value

for a sample. The reportable value is the value that is

compared to a product specification.

In assays where the replication set involves groups at

each dilution (e.g., 6 samples, each at 10 dilutions, in

the nonedge wells of each of several 96-well cell culture

plates) the groups (plates) constitute statistical blocks

that should be elements in the assay and validation anal-

yses (blocks are discussed in h1032i). Within-block repli-

cates for Test samples are rarely cost-effective. Blocks will

not be further discussed in this chapter; more detailed

discussion is found in h1032i.

The amount of activity (potency) of the Standard sam-

ple is typically assigned 1.0 or 100%, and the potency of

the Test sample is calculated by comparing the concen-

tration–response curves for the Test sample and Standard

sample pair. This results in a unitless measure, which is

the relative potency of the Test sample in reference to

the potency of the Standard sample. In some cases the

Standard sample is assigned a value according to another

property such as protein concentration. In that case the

potency of the Test sample is reported as specific activity,

which is the relative potency times the assigned value of

the Standard sample. An assumption of parallel-line or

parallel-curve (e.g., four-parameter logistic) bioassay is

that the dose–response curves that are generated using

a Standard sample and a Test sample have similar (paral-

lel) curve shape distinguished only by a horizontal shift in

the log dose. For slope-ratio bioassay, curves generated

for Standard sample and Test article should be linear,

pass through a common intercept, and be distinguished

only by their slopes. Information about how to assess

parallelism is provided in general chapters h1032i and

Analysis of Biological Assays h1034i.

In order to establish the relative accuracy and range of

the bioassay, Test samples may be constructed for valida-

tion by a dilution series of the Standard sample to assess

dilutional linearity (linearity of the relationship between

determined and constructed relative potency). In addi-

tion, the validation study should be directed toward ob-

taining a representative estimate of the variability of the

relative potency determination. Although robustness stu-

dies are usually performed during bioassay development,

key factors in these studies such as incubation time and

temperature and, for cell-based bioassays, cell passage

number and cell number may be included in the valida-

tion. Because of potential influences within a single labor-

atory on the bioassay from inter-run factors such as

multiple analysts, instruments, or reagent sources, the

design of the bioassay validation should include consid-

eration of these factors. The variability of potency from

these combined elements defines the intermediate preci-

sion (IP) of the bioassay. An appropriate study of the vari-

ability of potency, including the impact of intra-assay and

inter-run factors, can help the laboratory confirm an ad-

equate testing strategy, thereby forecasting the inherent

variability of the reportable value (which may be the aver-

age of multiple potency determinations). Variability esti-

mates can also be utilized to establish the sizes of

differences (fold difference) that can be distinguished be-

tween samples tested in the bioassay.

Demonstrating specificity requires evidence of lack of

interference (also known as selectivity) from matrix com-

ponents such as manufacturing process components or

degradation products so that measurements describe

the target molecule only. Other analytical methods

may complement a bioassay in measuring or identifying

other components in a sample.

2.1 Bioassay Validation Protocol

A bioassay validation protocol should include the num-

ber and types of samples that will be studied in the vali-

dation; the study design, including inter-run and intra-

run factors; the replication strategy; the intended valida-

tion parameters and justified target acceptance criteria
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for each parameter; and a proposed data-analysis plan.

Note that in regard to satisfying acceptance criteria, fail-

ure to find a statistically significant effect is not an appro-

priate basis for defining acceptable performance in a

bioassay; conformance to acceptance criteria may be

better evaluated using an equivalence approach.

In addition, assay (possibly run) and sample accep-

tance criteria such as system suitability and similarity

should be specified before performing the validation. De-

pending on the extent of development of the bioassay,

these may be proposed as tentative and can be updated

with data from the validation. Assay, run, or sample fail-

ures may be reassessed in an appropriate fashion and,

with sound justification, included in the overall validation

assessment. Additional validation trials may be required

to support changes to the method.

The bioassay validation protocol should include target

acceptance criteria for the proposed validation parame-

ters. Failure to meet a target acceptance criterion may re-

sult in a limit on the range of potencies that can be

measured in the bioassay or a modification to the repli-

cation strategy in the bioassay procedure.

2.2 Documentation of Bioassay Validation Results

Bioassay validation results should be documented in a

bioassay validation report. The validation report should

support the conclusion that the method is fit for use or

should indicate corrective action (such as change in bio-

assay format) that will be undertaken to generate reliable

results. The report should include the raw data from the

study (bioassay response measurements such as titers, or

instrument measurements such as OD) and the results of

statistical calculations. Results of intermediate measures

should be reported when they add clarity and facilitate

reproduction of validation conclusions (e.g., variance

component estimates should be provided in addition

to overall intermediate precision). Estimates of validation

parameters should be reported at each level and overall

as appropriate. Deviations from the validation protocol

should be documented with justification. The conclu-

sions from the study should be clearly described with re-

ferences to follow-up action as necessary. Follow-up

action can include amendment of system or sample suit-

ability criteria or modification of the bioassay replication

strategy. Reference to prevalidation experiments may be

included as part of the validation study report. Prevalida-

tion experiments may include robustness experiments,

where bioassay parameters have been identified and

ranges have been established for significant parameters,

and also may include qualification experiments, where

the final procedure has been performed to confirm satis-

factory performance in routine operation. Conclusions

from prevalidation and qualification experiments per-

formed during development contribute to the descrip-

tion of the operating characteristics of the bioassay

procedure.

2.3 Bioassay Validation Design

The bioassay validation should include samples that

are representative of materials that will be tested in the

bioassay and should effectively establish the perfor-

mance characteristics of the procedure. For relative accu-

racy, sample relative potency levels that bracket the

range of potencies that may be tested in the bioassay

should be used. Thus samples that span a wide range

of potencies might be studied for a drug or biological

with a wide specification range or for a product that is

inherently unstable, but a narrower range can be used

for a more durable product. A minimum of three potency

levels is required, and five are recommended for a reliable

assessment. The potency levels chosen will constitute the

range of the bioassay if the criteria for relative accuracy

and IP are met during the validation. A limited range will

result from levels that fail to meet their target acceptance
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criteria. Samples may also be generated for the bioassay

validation by stressing a sample to a level that might be

observed in routine practice (i.e., stability investigations).

Additionally, the influences of the sample matrix (excipi-

ents, process constituents, or combination components)

can be studied strategically by intentionally varying these

together with the target analyte using a multifactorial ap-

proach.

The bioassay validation design should consider all fac-

ets of the measurement process. Sources of bioassay

measurement variability include sampling, sample prep-

aration, intra-run, and inter-run factors. Representative

estimation of bioassay variability necessitates considera-

tion of these factors. Validation samples should be ran-

domly selected from the sources from which test

articles will be obtained during routine use, and sample

preparation should be performed independently during

each validation run.

The replication strategy used in the validation should

reflect knowledge of the factors that might influence

the measurement of potency. Intra-run variability may

be affected by bioassay operating factors that are usually

set during development (temperature, pH, incubation

times, etc.); by the bioassay design (number of animals,

number of dilutions, replicates per dilution, dilution spac-

ing, etc); by the assay acceptance and sample accep-

tance criteria; and by the statistical analysis (where the

primary endpoints are the similarity assessment for each

sample and potency estimates for the reference sam-

ples). Operating restrictions and bioassay design (intra-

and inter-run formulae that result in a reportable value

for a test material) are usually specified during develop-

ment and may become a part of the bioassay operating

procedure. IP is studied by independent runs of the pro-

cedure, perhaps using an experimental design that alters

those factors that may have an impact on the perfor-

mance of the procedure. Experiments [e.g., design of ex-

periments (DOE) for treatment design] with nested or

crossed design structure can reveal important sources

of variability in the procedure, as well as ensure a repre-

sentative estimate of long-term variability. During the va-

lidation it is not necessary to employ the format required

to achieve the reportable value for a Test sample. A well-

designed validation experiment that combines both in-

tra-run and inter-run sources of variability provides esti-

mates of independent components of the bioassay

variability. These components can be used to verify or

forecast the variability of the bioassay format.

A thorough analysis of the validation data should in-

clude graphical and statistical summaries that address

the validation parameters and their conformance to tar-

get acceptance criteria. The analysis should follow the

specifics of the data-analysis plan outlined in the valida-

tion protocol. In most cases, log relative potency should

be analyzed in order to satisfy the assumptions of the sta-

tistical methods (see section 2.7 Statistical Considerations,

Scale of Analysis, below). Those assumptions include nor-

mality of the distribution from which the data were sam-

pled and homogeneity of variability across the range of

results observed in the validation. These assumptions

can be explored using graphical techniques such as

box plots and probability plots. The assumption of nor-

mality can be investigated using statistical tests of nor-

mality across a suitably sized collection of historical

results. Alternative methods of analysis should be sought

when the assumptions can be challenged. Confidence in-

tervals should be calculated for the validation parameters

using methods described here and in chapter Analytical

Data—Interpretation and Treatment h1010i.

2.4 Validation Strategies for Bioassay

Performance Characteristics

Parameters that should be verified in a bioassay are rel-

ative accuracy, specificity, IP, and range. Other parame-

ters discussed in chapter h1225i and ICH Q2(R1) such
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as detection limit and quantitation limit have not been

included because they are usually not relevant to a bioas-

say that reports relative potency. Following are strategies

for addressing bioassay validation parameters.

Relative Accuracy—The relative accuracy of a relative

potency bioassay is the relationship between measured

relative potency and known relative potency. Relative ac-

curacy in bioassay refers to a unit slope between log

measured relative potency vs. log level when levels are

known. The most common approach to demonstrating

relative accuracy for relative potency bioassays is by con-

struction of target potencies by dilution of the Standard

material or a Test sample with known potency. This type

of study is often referred to as a dilutional linearity study.

The results from a dilutional linearity study should be as-

sessed using the estimated relative bias at individual lev-

els and via a trend in relative bias across levels. The

relative bias at individual levels is calculated as follows:

The trend in bias is measured by the estimated slope of

log measured potency vs. log target potency, which

should be held to a target acceptance criterion. If there

is no trend in relative bias across levels, the estimated rel-

ative bias at each level can be held to a prespecified tar-

get acceptance criterion that has been defined in the

validation protocol (see section 3. A Bioassay Validation

Example, below).

Specificity—For products or intermediates associated

with complex matrices, specificity (sometimes called se-

lectivity) involves demonstrating lack of interference

from matrix components or product-related compo-

nents that can be expected to be present. This can be as-

sessed via parallel dilution of the Standard sample with

and without a spike addition of the potentially interfering

compound. If the curves are similar and the potency con-

forms to expectations of a Standard-to-Standard com-

parison, the bioassay is specific against the compound.

For these assessments both similarity and potency may

be assessed using appropriate equivalence tests.

Intermediate Precision—Because of potential influ-

ences on the bioassay by factors such as analysts, instru-

ments, or reagent lots, the design of the bioassay

validation should include evaluation of these factors.

The overall variability from measurements taken under

a variety of normal test conditions within one laboratory

defines the IP of the bioassay. IP is the ICH and USP term

for what is also commonly referred to as inter-run vari-

ability.

IP measures the influence of factors that will vary over

time after the bioassay is implemented. These influences

are generally unavoidable and include factors like change

in personnel (new analysts), receipt of new reagent lots,

etc. Although robustness studies are normally conducted

during bioassay development, key intra-run factors such

as incubation time and temperature may be included in

the validation using multifactor DOE. An appropriate

study of the variability of the bioassay, including the im-

pact of intra-run and inter-run factors, can help the labor-

atory confirm an adequate testing strategy, thereby

forecasting the inherent variability of the reportable val-

ue as well as the critical fold difference (see section 3.4

Use of Validation Results for Characterization, below).

When the validation has been planned using multifac-

tor DOE, the impact of each factor can first be explored

graphically to establish important contributions to po-

tency variability. The identification of important factors

should lead to procedures that seek to control their ef-

fects, such as further restrictions on intra-assay operating

conditions or strategic qualification procedures on inter-

run factors such as analysts, instruments, and reagent

lots.
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Contributions of validation study factors to the overall

IP of the bioassay can be determined by performing a

variance component analysis on the validation results. Var-

iance component analysis is best carried out using a sta-

tistical software package that is capable of performing a

mixed-model analysis with restricted maximum likeli-

hood estimation (REML).

A variance component analysis yields variance compo-

nent estimates such as �̂�2
intra and �̂�2

inter and corresponding

to intra- and inter-run variation. These can be used to es-

timate the IP of the bioassay, as well as the variability of

the reportable value for different bioassay formats (for-

mat variability). IP expressed as percent geometric stan-

dard deviation (%GSD) is given by using the natural log

of the relative potency in the analysis (see section 2.7 Sta-

tistical Considerations, Scale of Analysis):

The variability of the reportable value from testing per-

formed with n replicate sets in each of k runs (format vari-

ability) is equal to:

This formulation can be used to determine a testing for-

mat suitable for various uses of the bioassay (e.g., release

testing and stability evaluation).

Range—The range of the bioassay is defined as the true

or known potencies for which it has been demonstrated

that the analytical procedure has a suitable level of rela-

tive accuracy and IP. The range is normally derived from

the dilutional linearity study and minimally should cover

the product specification range for potency. For stability

testing and to minimize having to dilute or concentrate

hyper- or hypo-potent test articles into the bioassay

range, there is value in validating the bioassay over a

broader range.

2.5 Validation Target Acceptance Criteria

The validation target acceptance criteria should be

chosen to minimize the risks inherent in making decisions

from bioassay measurements and to be reasonable in

terms of the capability of the art. When there is an exist-

ing product specification, acceptance criteria can be jus-

tified on the basis of the risk that measurements may fall

outside of the product specification. Considerations from

a process capability index (Cpk) can be used to inform

bounds on the relative bias (RB) and the IP of the bioas-

say:

where USL and LSL are the upper and lower specification

acceptance criteria, RB is a bound on the degree of rela-

tive bias in the bioassay, and �2
Product and �2

RA are target

product and release assay (with associated format) vari-

ances respectively. This formulation requires prior knowl-

edge regarding target product variability, or the

inclusion of a random selection of lots to estimate this

characteristic as part of the validation. The choice of a

bound on Cpk is a business decision and is related to

the risk of obtaining an out-of-specification (OOS) result.

Some laboratories require process capability correspond-

ing to Cpk greater than or equal to 1.3. This corresponds

to approximately a 1 in 10,000 chance that a lot with po-

tency at the center of the specification range will be

OOS. The proportion of lots that are predicted to be

OOS is a function of Cpk.
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When specifications have yet to be established for a

product, a restriction on relative bias or IP can be formu-

lated on the basis of the capability of the art of the bio-

assay methodology. For example, although chemical

assays and immunoassays are often capable of achieving

near single digit %GSD, a more liberal restriction might

be placed on bioassays, such as animal potency bioas-

says, that operate with much larger %GSD. In this case

the validation goal might be to characterize the method,

using the validation results to establish an assay format

that is predicted to yield reliable product measurements.

A sound justification for target acceptance criteria or use

of characterization should be included in the validation

protocol.

2.6 Assay Maintenance

Once a bioassay has been validated it can be imple-

mented. However, it is important to monitor its behavior

over time. This is most easily accomplished by maintain-

ing statistical process control (SPC) charts for suitable par-

ameters of the Standard sample response curve and

potency of assay QC samples. The purpose of these

charts is to identify at an early stage any shift or drift in

the bioassay. If a trend is observed in any SPC chart, the

reason for the trend should be identified. If the resolution

requires a modification to the bioassay or if a serious

modification of the bioassay has occurred for other rea-

sons (for example, a major technology change), the

modified bioassay should be revalidated or linked to

the original bioassay by an adequately designed bridging

study with acceptance criteria that use equivalence test-

ing.

2.7 Statistical Considerations

Several statistical considerations are associated with

designing a bioassay validation and analyzing the data.

These relate to the properties of bioassay measurements

as well as the statistical tools that can be used to summa-

rize and interpret bioassay validation results.

Scale of Analysis—The scale of analysis of bioassay va-

lidation, where data are the relative potencies of samples

in the validation study, must be considered in order to

obtain reliable conclusions from the study. This chapter

assumes that appropriate methods are already in place

to reduce the raw bioassay response data to relative po-

tency (as described in h1034i). Relative potency mea-

surements are typically nearly log normally distributed.

Log normally distributed measurements are skewed

and are characterized by heterogeneity of variability,

where the standard deviation is proportional to the level

of response. The statistical methods outlined in this chap-

ter require that the data be symmetric, approximating a

normal distribution, but some of the procedures require

homogeneity of variability in measurements across the

potency range. Typically, analysis of potency after log

transformation generates data that more closely fulfill

both of these requirements. The base of the log transfor-

mation does not matter as long as a consistent base is

maintained throughout the analysis. Thus, for example,

if the natural log (log to the base e) is used to transform

relative potency measurements, summary results are

converted back to the bioassay scale utilizing base e.

The distribution of potency measurements should be

assessed as part of bioassay development (as described

in h1032i). If it is determined that potency measure-

ments are normally distributed, the validation can be car-

ried out using methods described in h1225i.

As a consequence of the usual (for parallel-line assays)

log transformation of relative potency measurements,

there are advantages (balance and representativeness)

Pharmacopeial Forum
Vol. 36(4) [July–Aug. 2010] IN-PROCESS REVISION 993

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



if the levels selected for the validation study are evenly

spaced on the log scale. An example with five levels

would be 0.50, 0.71, 1.00, 1.41, and 2.00. Intermediate

levels are obtained as the geometric mean (GM) of two

adjacent levels. Thus, for example, the mid-level between

0.50 and 1.0 is derived as follows:

Likewise, summary measures of the validation are influ-

enced by the lognormal scale. Predicted response should

be reported as the geometric mean of individual relative

potency measurements, and variability expressed as

%GSD. GSD is calculated as the antilog of the standard

deviation, Slog, of log transformed relative potency mea-

surements. The formula is given by:

GSD = antilog(Slog) – 1

Variability is expressed as GSD rather than RSD of the log-

normal distribution in order to preserve continuity using

the log transformation. Intervals that might be calculated

from GSD will be consistent with intervals calculated

from mean and standard deviation of log transformed

data. Table 1 presents an example of the calculation of

geometric mean (GM) and associated RB, with %GSD

for a series of relative potency (RP) measurements per-

formed on samples tested at the 1.00 level. The log base

e is used in the illustration.

Table 1. Illustration of Calculations of GM and %GSD

RP In RP

1.1489 0.1388

0.9287 –0.0740

1.1489 0.1388

1.0000 0.0000

1.0060 0.0060

Table 1. Illustration of Calculations of GM and %GSD
(Continued)

RP In RP

1.0000 0.0000

1.1000 0.0953

1.0488 0.0476

Average 0.0441 GM = 1.0451

RB = 4.51%

SD 0.0755 %GSD = 7.8%

Here the GM of the relative potency measurements is

calculated as the antilog of the average log relative po-

tency measurements and then expressed as relative bias,

the percent deviation from the target potency:

GM = eAverage = e0.0441 = 1.0451

RB = 100 � [(GM/Target) –1]% = 100 � [(1.0451/1.00) –

1]% = 4.51%

and the %GSD is calculated as:

%GSD = 100 � (eSD – 1)% = 100 � (e0.0755 – 1)% = 7.8%

Note that the GSD calculated for this illustration is not

equal to the IP determined in the bioassay validation ex-

ample for the 100% level (9.2%); see Table 6. This illus-

tration utilizes the average of within-run replicates, but

the IP in the validation example represents the variability

of individual replicates.

Reporting Validation Results Using Confidence In-

tervals—Estimates of bioassay validation parameters

should be presented as a point estimate together with a

confidence interval. A point estimate is the numerical val-

ue obtained for the parameter, such as the GM or %GSD.
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A confidence interval’s most common interpretation is as

the likely range of the true value of the parameter. The

previous example determines a 90% confidence interval

for average log relative potency, CIln, as follows:

For percent relative bias this becomes:

The statistical constant (1.89) is from a t-table, with de-

grees of freedom (df) equal to the number of measure-

ments minus one (df = 8 – 1 = 7). Thus the true relative

bias falls between –0.65% and 9.92% with 90% confi-

dence. A confidence interval for IP or format variability

can be formulated using methods for variance compo-

nents.

Assessing Conformance to Acceptance Criteria—

Bioassay validation results are compared to target accep-

tance criteria in order to demonstrate that the bioassay is

fit for use. The process of establishing conformance of va-

lidation parameters to validation acceptance criteria

should not be confused with establishing conformance

of relative potency measurements to product specifica-

tions. Product specifications should inform the process

of setting validation acceptance criteria.

A common practice is to apply acceptance criteria to

the estimated validation parameter. This does not ac-

count, however, for the uncertainty in the estimated va-

lidation parameter. A solution is to hold the confidence

interval on the validation parameter to the acceptance

criterion. This is a standard statistical approach used to

demonstrate conformance to expectation and is called

an equivalence test. It should not be confused with the

practice of performing a significance test, such as a t-test,

which seeks to establish a difference from some target

value (e.g., 0% relative bias). A significance test associat-

ed with a P-value40.05 (equivalent to a confidence in-

terval that includes the target value for the parameter)

indicates that there is insufficient evidence to conclude

that the parameter is different from the target value. This

is not the same as concluding that the parameter con-

forms to its target value. The study design may have

too few replicates, or the validation data may be too var-

iable to discover a meaningful difference from target. Ad-

ditionally, a significance test may detect a small deviation

from target that is practically insignificant. These scenar-

ios are illustrated in Figure 1.

Figure 1. Use of confidence intervals to establish that

validation results conform to an acceptance criterion.

The solid horizontal line represents the target value

(perhaps 0% relative bias), and the dashed lines form

the lower (LAL) and upper (UAL) acceptance limits. In

scenario a, the confidence bound includes the target,

and thus one could conclude there is insufficient evi-

dence to conclude a difference from target (the signifi-

cance test approach). However, although the point

estimate (the solid diamond) falls within the acceptance

range, the interval extends outside the range, which sig-

nifies that the true relative bias may be outside the ac-

Pharmacopeial Forum
Vol. 36(4) [July–Aug. 2010] IN-PROCESS REVISION 995

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



ceptable range. In scenario b, the interval falls within the

acceptance range, signifying conformance to the accep-

tance criterion. The interval in scenario c also falls within

the acceptance range but excludes the target. Thus sce-

nario c, although it is statistically significantly different

from the target, is nevertheless acceptable because the

confidence interval falls within the target acceptance

range. Using the 90% confidence interval calculated pre-

viously, we can establish whether the bioassay has ac-

ceptable relative bias at the 1.00 level compared to a

target acceptance criterion of no greater than + 12%,

for example. Because the 90% confidence interval for

percent relative bias (– 0.65%, 9.92%) falls within the in-

terval (100*[(1/1.12) – 1]%, 100*[(1.12/1) – 1]%) = (–

11%, 12%), we conclude that there is acceptable relative

bias at the 1.0 level. Note that a 90% confidence interval

is used in an equivalence test rather than a conventional

95% confidence interval. This is common practice and is

the same as the two one-sided tests (TOST) approach

used in pharmaceutical bioequivalence testing.

Risks in Decision-Making and Number of Valida-

tion Runs—The application of statistical tests, including

the assessment of conformance of a validation parameter

to its acceptance criteria, involves risks. One risk is that

the parameter does not meet its acceptance criterion al-

though the property associated with that parameter is

satisfactory; another, the converse, is that the parameter

meets its acceptance criterion although the procedure is

truly unsatisfactory. A consideration related to these risks

is sample size.

The two types of risk can be simultaneously controlled

by strategic design, including consideration of the num-

ber of runs that will be conducted in the validation. Spe-

cifically, the minimum number of runs needed to

establish conformance to an acceptance criterion for rel-

ative bias is given by:

where ta,df and tb/2,df are distributional points from a Stu-

dent’s t-distribution, a and b are the one-sided type I and

type II errors, respectively, df is the degrees of freedom

associated with the study design (usually n – 1), �̂�2
IP is a

preliminary estimate of IP, and � is the acceptable devia-

tion (target acceptance criterion).

For example, if the acceptance criterion for relative bias

is + 0.11 log (i.e., � = 0.11), the bioassay variability is �̂�IP

= 0.076 log, and a = b = 0.05,

Note that this formulation of sample size assumes no in-

trinsic bias in the bioassay. A more conservative solution

includes some nonzero bias in the determination of sam-

ple size. This results in a greater sample size to offset the

impact of the bias. In the current example the sample size

increases to 10 runs if one assumes an intrinsic bias equal

to 2%. Note also that this calculation represents a recur-

sive solution (because the degrees of freedom depends

on n) requiring statistical software or an algorithm that

employs iterative methodology.

Modeling Validation Results Using Mixed Effects

Models—Many analyses associated with bioassay vali-

dation must account for multiple design factors such as

fixed effects (e.g., potency level), as well as random effects

(e.g., operator, run, and replicate). Statistical models

composed of both fixed and random effects are called

mixed effects models and usually require sophisticated sta-

tistical software for analysis. The results of the analysis

may be summarized in an analysis of variance (ANOVA)

table or a table of variance component estimates. The

Pharmacopeial Forum
996 IN-PROCESS REVISION Vol. 36(4) [July–Aug. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



primary goal of the analysis is to estimate critical param-

eters rather than establish the significance of an effect.

The modeling output provides parameter estimates to-

gether with their standard errors of estimates that can

be utilized to establish conformance of a validation pa-

rameter to its acceptance criterion. Thus the average rel-

ative bias at each level is obtained as a portion of the

analysis together with its associated variability. These

compose a confidence interval that is compared to the

acceptance criterion as described above. If variances

across levels can be pooled, statistical modeling can also

determine the overall relative bias and IP by combining

information across levels performed in the validation.

Similarly, mixed effects models can be used to obtain var-

iance components for validation study factors and to

combine results across validation study samples and lev-

els.

Statistical Design—Statistical design, such as multi-

factor DOE or nesting can be used to organize runs in a

bioassay validation. Such designs are useful to incorpo-

rate factors that are believed to influence the bioassay

and that vary during long-term use of the procedure.

These are also used to better characterize the sources

of variability and to develop a strategic test plan that

can be used to manage the variability of the bioassay.

Table 2 shows an example of a multifactor DOE that in-

corporates multiple analysts, multiple cell culture pre-

parations, and multiple reagent lots into the validation

plan. In this design each analyst performs the bioassay

with both cell preparations and both reagent lots. This

is an example of a full factorial design because all combi-

nations of the factors are performed in the validation

study. To reduce the number of runs in the study, frac-

tional factorial designs may be employed when more

than three factors have been identified. Validation de-

signs do not need to regard the resolution requirements

of typical screening designs. Unlike screening experi-

ments, the validation design should incorporate as many

factors at as many levels as possible in order to obtain a

representative estimate of IP. More than two levels of a

factor should be employed in the design whenever pos-

sible. Validation runs should be randomized whenever

possible to mitigate the potential influences of run order

or time.

Table 2. Multifactor DOE Example with Three Factors

Run Analyst Cell Prep

Reagent

Lot

1 1 1 1

2 1 1 2

3 1 2 1

4 1 2 2

5 2 1 1

6 2 1 2

7 2 2 1

8 2 2 2

Figure 2 illustrates an example of a validation using

nesting (replicate sets nested within plate, plate nested

within analyst). For both of these types of design as well

as combinations of the two, components of variability

can be estimated from the validation results. These com-

ponents of variability can be used to identify significant

sources of variability as well as to derive a bioassay format

that meets the procedure’s requirements for precision.

Figure 2. Example of a nested design using two analysts.

Significant Figures—The number of significant figures

in a reported result from a bioassay is related to the lat-

ter’s precision. In general, a bioassay with %GSD be-

tween 2% and 20% will support two significant figures.

The number of significant figures should not be confused
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with the number of decimal places—reported values

equal to 1.2 and 0.12 have the same number (two) of

significant figures. This standard of rounding is appropri-

ate for lognormally-scaled measurements that have pro-

portional rather than additive variability. Note that

rounding occurs at the end of a series of calculations

when the final measurement is reported and used for de-

cision making such as conformance to specification ac-

ceptance criteria. Likewise, specification acceptance

criteria should be stated with the appropriate number

of significant figures. The number of significant figures

in a specification should be consistent with the number

of figures supported by the precision of the reportable

value. For example, if two figures are warranted for a par-

ticular bioassay, a specification acceptance criterion

might be 0.80 to 1.2. Round potencies in the validation

to an appropriate number of significant figures when

analyzing the results. Rounding to too many or too few

significant figures will result in nonrepresentative esti-

mates of precision. In general the laboratory should ini-

tially round potencies to two significant figures when

assessing variability. Because the laboratory would like

to obtain a precise estimate of relative accuracy, more

significant figures should be used in that portion of the

analysis.

3. A BIOASSAY VALIDATION EXAMPLE

An example illustrates the principles described in this

chapter. The bioassay will be used to support a specifica-

tion range of 0.71 to 1.4 for the product. Using the Cpk

described in section 2.5 Validation Target Acceptance Cri-

teria, a table is derived showing the projected rate of out-

of-specification (OOS) results for various restrictions on

RB and IP. Cpk is calculated on the basis of the variability

of a reportable value using three independent runs of the

bioassay (see discussion of format variability, above). Pro-

duct variability is assumed to be equal to 0 in the calcu-

lations. The laboratory may wish to include target

product variability. An estimate of target product vari-

ability can be obtained from data from a product, for ex-

ample, manufactured by a similar process.

Table 3. Cpk and Probability of OOS for Various
Restrictions on RB and IP

LSL–USL

IP

(%)

RB

(%) Cpk

Prob

(OOS)

(%)

0.71–1.4 20 20 0.54 10.5

0.71–1.4 8 12 0.93 0.53

0.71–1.4 10 5 1.54 0.0004

The calculation is illustrated for IP equal to 8% and rel-

ative bias equal to 12% (n = 3 runs):

From Table 3, acceptable performance (less than 1%

chance of obtaining an OOS result due to bias and vari-

ability of the bioassay) can be expected if the IP is�8%

and relative bias is�12%. The sample size formula given

in section 2.7 Statistical Considerations, Risks in Decision-

Making and Number of Validation Runs can be used to de-

rive the number of runs required to establish confor-

mance to an acceptance criterion for relative bias equal

to 12% (using sIP = 8%; a = b = 0.05):

Thus eight runs would be needed to have a 95% chance

of passing the target acceptance criterion for relative bias

if the true relative bias is zero.

Pharmacopeial Forum
998 IN-PROCESS REVISION Vol. 36(4) [July–Aug. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



Five levels of the target analyte are studied in the vali-

dation: 0.50, 0.71, 1.00, 1.41, and 2.00. Runs are gener-

ated by two trained analysts using two cell preparations.

Cell preparations must be independent and must repre-

sent those elements of cell culture preparation that vary

during long-term performance of the bioassay. Other

factors may be considered and incorporated into the de-

sign using a fractional factorial layout. The laboratory

should strive to design the validation with as many levels

of each factor as possible in order to best model the long-

term performance of the bioassay. In this example each

analyst performs two runs using each cell preparation. A

run consists of a full titration curve of the Standard sam-

ple, together with two full titration curves of the Test

sample. This yields duplicate measurements of relative

potency at each level in each validation run. The example

data set is presented in Table 4. [NOTE—Potencies are

rounded to two significant figures (see section 2.7 Statis-

tical Considerations, Significant Figures).]

The plot is used to reveal irregularities in the experi-

mental results. In particular, a properly prepared plot

can reveal a failure in agreement of validation results with

validation levels, as well as heterogeneity of variability

across levels (see discussion of the log transformation in

section 2.7 Statistical Considerations). The example plot in

Figure 3 includes the unit line (line with slope equal to 1,

passing through the origin). Analyst 1 and analyst 2 data

are deliberately offset with respect to the expected po-

tency to allow clear visualization and comparison of the

data sets from each analyst.

Table 4. Example of Bioassay Validation With Two Analysts, Two Cell Preparations, and Two Runs

Analyst/

Cell Prep 1/1 1/1 1/2 1/2 2/1 2/1 2/2 2/2

Run 1 2 1 2 1 2 1 2

0.50 0.52 0.45 0.57 0.51 0.52 0.52 0.53 0.51

0.50 0.50 0.45 0.56 0.54 0.50 0.51 0.54 0.55

0.71 0.76 0.67 0.68 0.70 0.70 0.75 0.69 0.74

0.71 0.71 0.62 0.82 0.71 0.64 0.69 0.77 0.74

Level 1.00 1.1 0.98 1.2 1.0 1.1 1.0 1.1 1.0

1.00 1.2 0.88 1.1 1.0 0.92 1.0 1.1 1.1

1.41 1.5 1.3 1.5 1.4 1.4 1.3 1.5 1.5

1.41 1.5 1.3 1.6 1.4 1.4 1.4 1.5 1.5

2.00 2.4 1.9 2.4 2.3 2.2 2.1 2.4 2.0

2.00 2.2 2.0 2.4 2.2 2.1 2.1 2.2 2.3
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Figure 3. A plot of the validation results vs the sample levels.

A formal analysis of the validation data might be un-

dertaken in the following steps: (1) an assessment of vari-

ability (IP) should precede an assessment of relative

accuracy or specificity in order to establish conformance

to the assumption that variances across sample levels can

be pooled, and (2) relative accuracy is assessed either at

separate levels or by a combined analysis, depending on

how well the data across levels can be pooled. These

steps are demonstrated using the example validation da-

ta, along with some details of the calculations for illustra-

tive purposes. Note that the calculations illustrated in the

following sections are appropriate only with a balanced

data set. Imbalanced designs or data sets with missing

relative potency measurements should be analyzed using

a mixed model analysis with restricted maximum likeli-

hood estimation (REML).

3.1 Intermediate Precision

Data at each level can be analyzed using variance com-

ponent analysis. An example of the calculation performed

at a single level (0.50) is presented in Table 5. The top of

the table represents a standard ANOVA analysis. Analyst

and cell preparation have not been included because of

the small number of levels (two levels) for each factor.

The factor ‘‘Run’’ in this analysis represents the combined

runs across the analyst by cell preparation combinations.

The Expected Mean Square is the linear combination of

variance components that generates the measured mean

square for each source. The variance component esti-

mates are derived by solving the equation ‘‘Expected

Mean Square = Mean Square’’ for each component. To

start, the mean square for Error estimates Var(Error),

the within-run component of variability is

Var(Error) = MS(Error) = 000818
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The between-run component of variability, Var(Run), is

subsequently calculated by setting the mean square for

run to the mathematical expression for the expected

mean square, then solving the equation for Var(Run) as

follows:

MS(Run) = Var(Error) + 2 � Var(Run)

These variance component estimates are combined to

establish the overall IP of the bioassay at 0.50:

Table 5. Variance Component Analysis Performed on Log Relative Potency Measurements at the 0.5 Level

Source df Sum of Squares Mean Square Expected Mean Square

Run 7 0.059004 0.008429 Var(Error) + 2 Var(Run)

Error 8 0.006542 0.000818 Var(Error)

Corrected Total 15 0.065546 — —

Variance Component Estimate

Var(Run) 0.003806

Var(Error) 0.000818

The same analysis was performed at each level of the

validation and is presented in Table 6.

Table 6. Variance Component Estimates and Overall Variability for Each Validation Level and the Average

Level

Component 0.50 0.71 1.00 1.41 2.00 Average

Var(Run) 0.003806 0.000460 0.003579 0.003490 0.002960 0.002859

Var(Error) 0.000818 0.004557 0.004234 0.000604 0.002590 0.002561

Overall 7.0% 7.3% 9.2% 6.6% 7.7% 7.6%
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A combined analysis can be performed if the variance

components are similar across levels. Typically a heuristic

is used for this assessment. One might hold the ratio of

the maximum variance to the minimum variance to no

greater than 10 (10 is used because of the limited num-

ber of runs performed in the validation). Here the ratios

associated with the between-run variance component,

0.003806/0.000460 = 8.3, and the within-run compo-

nent, 0.004557/0.000604 = 7.5, meet the 10-fold crite-

rion. Had the ratio exceeded 10 and if this was due to

excess variability in one or the other of the extremes in

the levels tested, that extreme would be eliminated from

further analysis and the range would be limited to ex-

clude that level.

The analysis might proceed using statistical software

that is capable of applying a mixed effects model to

the validation results. That analysis should account for

any imbalance in the design, as well as other random ef-

fects such as analyst and cell preparation (see section 2.7

Statistical Considerations, Modeling Validation Results Us-

ing Mixed Effects Models). Variance components can be

determined for analyst and cell preparation separately

in order to characterize their contributions to the overall

variability of the bioassay.

In the example, variance components can be averaged

across levels to report the IP of the bioassay. This method

of combining estimates is exact only if a balanced design

has been employed in the validation (i.e., the same rep-

lication strategy at each level). A balanced design was

employed for the example validation, so the IP can be re-

ported as 7.6% GSD.

Because of the recommendation to report validation

results with some measure of uncertainty, a one-sided

95% upper confidence bound can be calculated for the

IP of the bioassay. The literature contains methods for

calculating confidence bounds for variance components.

The upper bound on IP for the bioassay example is

12.2% GSD. The upper confidence bound was not calcu-

lated at each level separately because of the limited data

at an individual level relative to the overall study design.

3.2 Relative Accuracy

The analysis might proceed with an assessment of rel-

ative accuracy at each level. Table 7 shows the average

and 90% confidence interval of validation results in the

log scale, as well as corresponding potency and relative

bias.

Table 7. Average Potency and Relative Bias at Individual Levels

Level na log Potency Potency Relative Bias

Average (90% CI) Average (90% CI) Average (90% CI)

0.50 8 –0.6608 (–0.7042, –0.6173) 0.52 (0.49, 0.54) 3.29% (–1.10, 7.88)

0.71 8 –0.3422 (–0.3772, –0.3071) 0.71 (0.69, 0.74) 0.03% (–3.42, 3.60)

1.00b 8 0.0441 (–0.0065, 0.0946) 1.05 (0.99, 1.10) 4.51% (–0.65, 9.92)

1.41 8 0.3611 (0.3199, 0.4024) 1.43 (1.38, 1.50) 1.77% (–2.35, 6.05)

2.00 8 0.7860 (0.7423, 0.8297) 2.19 (2.10, 2.29) 9.73% (5.04, 14.63)

a Analysis performed on averages of duplicates from each run.
b Calculation illustrated in section 2.7 Statistical Considerations, Scale of Analysis.
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The analysis has been performed on the average of the

duplicates from each run (n = 8 runs) because duplicate

measurements are correlated within a run by shared IP

factors (analyst, cell preparation, and run in this case).

A plot of relative bias vs level can be used to examine pat-

terns in the experimental results and to establish confor-

mance to the target acceptance criterion for relative bias

(12%).

Figure 4. Plot of 90% confidence intervals for relative bias

vs. the acceptance criterion [NOTE—The lower

acceptance criterion is equal to 100 � [(1/1.12) – 1]

= –11%].

Figure 4 shows an average positive bias across sample

levels (i.e., the average relative bias is positive at all lev-

els). This consistency is due in part to the lack of indepen-

dence of bioassay results across levels. In addition there

does not appear to be a trend in relative bias across lev-

els. The latter would indicate that a comparison of sam-

ples with different measured relative potency (such as

stability samples) is biased, resulting perhaps in an erro-

neous conclusion. Trend analysis can be performed using

a regression of log relative potency vs log level. Introduc-

tion of an acceptance criterion on a trend in relative ac-

curacy across the range can be considered and may be

introduced during development of the bioassay valida-

tion protocol.

After establishing that there is no meaningful trend

across levels, the analysis proceeds with an assessment

of the relative accuracy at each level. The bioassay has

acceptable relative bias at levels from 0.50 to 1.41, yield-

ing 90% confidence bounds (equivalent to a two one-

sided t-test) that fall within the acceptance region of

–11% to 12% relative bias. The 90% confidence interval

at 2.0 falls outside the acceptance region, indicating that

the relative bias may exceed 12%.

A combined analysis can be performed using statistical

software that is capable of applying a mixed effects mo-

del to the validation results. That analysis accurately ac-

counts for the validation study design. The analysis also

accommodates random effects such as analyst, cell prep-

aration, and run (see section 2.7 Statistical Considerations,

Modeling Validation Results Using Mixed Effects Models).

3.3 Range

The conclusions from the assessment of IP and relative

accuracy can be used to establish the bioassay’s range

that demonstrates satisfactory performance. Based on

the acceptance criterion for IP equal to 8% GSD (see Ta-

ble 6) and for relative bias equal to 12% (see Table 7), the

range of the bioassay is 0.50 to 1.41. In this range, level

1.0 has a slightly higher than acceptable estimate of IP

(9.2% vs. the target acceptance criterion�8.0%), which

may be due to the variability of the estimate that results

from a small data set. Because of this and other results in

Table 6, one may conclude that satisfactory IP was dem-

onstrated across the range.

3.4 Use of Validation Results for Bioassay

Characterization

When the study has been performed to estimate the

characteristics of the bioassay (characterization), the var-

iance component estimates can also be used to predict the

variability for different bioassay formats and thereby can

determine a format that has a desired level of precision.

The predicted variability for k independent runs, with n
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individual dilution series of the Test preparation within a

run is given by the following formula for format variabil-

ity:

Thus using estimates of intra-run and inter-run variance

components from Table 6 [Var(Run) = 0.002859 and

Var(Error) = 0.002561], if the bioassay is performed in

three independent runs with a single dilution series of

the test within each run, the predicted variability of the

reportable value (geometric mean of the relative potency

results) is equal to:

This calculation can be expanded to include various com-

binations of runs and replicate sets within runs as shown

in Table 8.

Table 8. Format Variability for Different Combinations
of Number of Runs (k) and

Number of Replicates Within Run (n)

Number of Runs (k)

Replicates

(n)

1 2 3 6

1 7.6% 5.3% 4.3% 3.1%

2 6.6% 4.7% 3.8% 2.7%

3 6.3% 4.4% 3.6% 2.5%

6 5.9% 4.1% 3.4% 2.4%

Clearly the most effective means of reducing the vari-

ability of the reportable value (the geometric mean po-

tency across runs and replicate sets) is by independent

runs of the bioassay procedure. In addition, confidence

bounds on the variance components used to derive IP

can be utilized to establish the bioassay’s format variabil-

ity.

Significant sources of variability must be incorporated

into runs in order to effect variance reduction. A more

thorough analysis of the bioassay validation example

would include analyst and cell preparation as factors in

the statistical model. Variance component estimates ob-

tained from such an analysis are presented in Table 9.

Table 9. REML Estimates of Variance Components As-
sociated with Analyst, Cell Preparation, and Run

Variance Component Estimate

Var(Analyst) 0.0000

Var(CellPrep) 0.0014

Var(Analyst*CellPrep) 0.0000

Var(Run(Analysis*Cell-

Prep))

0.0021

Var(Error) 0.0026

Because cell preparation is a significant component of

the overall potency variability, multiple cell preparations

should be utilized to moderate the inter-run variability of

the bioassay.

Estimates of intra-run and inter-run variability can also

be used to determine the sizes of differences (fold differ-

ence) that can be distinguished between samples tested

in the bioassay. The critical fold difference between re-

portable values for two samples that are tested in the

same runs of the bioassay is given by (for k runs, n repli-

cate sets within each run, using an approximate two-

sided critical value from the standard normal distribu-

tion, z = 2):
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When samples have been tested in different runs of the

bioassay (such as long-term stability samples), the critical

fold difference is given by (assuming the same format is

used to test the two series of samples):

For comparison of samples the laboratory can choose a

design (bioassay format) that has suitable precision to

detect a practically meaningful fold difference between

samples.

3.5 Confirmation of Intermediate Precision and

Revalidation

The estimate of IP from the validation is highly uncer-

tain because of the small number of runs performed. Af-

ter the laboratory gains suitable experience with the

bioassay, the estimate can be confirmed or updated by

analysis of control sample measurements. The variability

of a positive control can be used when the control is pre-

pared and tested as is a Test sample (i.e., same or similar

dilution series and replication strategy). The assessment

should be made after sufficient runs have been per-

formed and after routine changes in bioassay factors

(e.g., different analysts, different key reagent lots, and

different cell preparations) have taken place. The re-

ported IP of the bioassay should be modified as an

amendment to the validation report if the assessment re-

veals a substantial disparity of results.

The bioassay should be revalidated whenever a sub-

stantial change is made to the method. This includes

but is not limited to a change in technology or a change

in readout. The revalidation may consist of a complete re-

enactment of the bioassay validation or a bridging study

that compares the current and the modified methods.
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251.&2S (USP34)

BRIEFING

h1034i Analysis of Biological Assays. Although the anal-
ysis and design of bioassays has changed significantly during
the past 50 years, the United States Pharmacopeia (USP) general
chapter Design and Analysis of Biological Assays h111i has not
undergone significant revision. In 2001 the USP Biostatistics
(currently Statistics) Expert Committee in the Council of Experts
convened an Ad Hoc Panel charged with the revision of h111i.
The Panel completed a draft revision, which appeared in Phar-
macopeial Forum (PF) [2008;34(3):685–735]. The Ad Hoc Panel
has since recommended and the Statistics Expert Committee
subsequently agreed that the revision instead should become
a new informational general chapter. The proposed new gener-
al chapter, Analysis of Biological Assays h1034i, is based on the
h111i In-Process Revision that appeared in PF 34(3) and incor-
porates responses to comments received regarding that propo-
sal.

General chapter h1034i addresses the analysis of biological
assay data and will be one of four new general chapters in
USP pertaining to bioassays. The other chapters are: Design

Pharmacopeial Forum
Vol. 36(4) [July–Aug. 2010] IN-PROCESS REVISION 1005

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



and Development of Biological Assays h1032i; Biological Assay Va-
lidation h1033i; and a ‘‘roadmap’’ chapter (as yet unnumbered)
that will include a glossary applicable to general chapters
h1032i–h1034i. The proposed glossary appeared in Pharmaco-
peial Forum [2006;32(4):1359–1365], and a h1033i proposal
appeared in Pharmacopeial Forum [2009;35(2):349–367]. Some
material in the proposed h111i revision concerned activities
during assay development and is now included in the proposed
h1032i rather than in h1034i.

Based on comments received regarding the PF 34(3) h111i
revision, an update to the glossary is included in this revision
proposal. The glossary that appears in the Appendix is the ver-
sion that appeared in PF 32(4), modified based on comments
received, and expanded to include terms that appeared in the
PF 35(2) proposal for h1033i. As stated above, the glossary will
eventually be part of a separate chapter and not part of h1034i;
it is included in this proposal for convenience of reference.

Published concurrently with this new chapter is a proposed
minimal revision to the existing h111i in order to make h111i
consistent with material in the h1032i–h1034i sequence. After
h1034i is official, further revision to h111i will reduce the latter
to only material that USP intends to be mandatory.

The Panel encourages input from all interested parties re-
garding the proposed h1034i. USP’s intent is to reflect the best
contemporary thought regarding bioassay analysis. This will be
achieved when members of the bioassay community take ad-
vantage of this opportunity to engage in the chapter’s develop-
ment by responding to the material in this In-Process Revision.
Comments regarding this material should be sent to Tina S.
Morris, PhD (tsm@usp.org).

As a complement to the material in this chapter, USP will
make detailed examples and the data used in them available
on its Web site.

(STAT T. Morris) RTS—C66393

Add the following:

&h1034i ANALYSIS OF BIOLOGICAL
ASSAYS

1. INTRODUCTION

Although advances in chemical characterization have

reduced the reliance on bioassays for many products, bi-

oassays are still essential for the determination of potency

and the assurance of activity of many proteins, vaccines,

cell therapy, gene therapy, and complex mixtures, as well

as for their role in monitoring the stability of biological

products. The intended scope of general chapter Analysis

of Biological Assays h1034i includes guidance for the anal-

ysis of results both of bioassays described in the United

States Pharmacopeia (USP), and of non-USP bioassays

that seek to conform to the qualities of bioassay analysis

recommended by USP. Note the emphasis on analysis—

design and validation are addressed in complementary

chapters (h1032i and h1033i, respectively).

Topics addressed in h1034i include statistical concepts

and methods of analysis for the calculation of potency

and confidence intervals for a variety of relative potency

bioassays, including those referenced throughout USP.

Chapter h1034i is intended for use primarily by those

who do not have extensive training or experience in sta-

tistics and by statisticians who are not experienced in the

analysis of bioassays. Sections that are primarily concep-

tual require only minimal statistics background. Most of

the chapter and all the methods sections require that the

nonstatistician be comfortable with statistics at least at

the level of USP general chapter Analytical Data—Inter-

pretation and Treatment h1010i and with linear regres-

sion. Most of sections 3.4 Nonlinear Models for

Quantitative Response and 3.6 Dichotomous (Quantal)

Assays require more extensive statistics background

and thus are intended primarily for statisticians. In addi-

tion, h1034i introduces selected complex methods, the

implementation of which requires the guidance of an ex-

perienced statistician.

Approaches in h1034i are recommended, recognizing

the possibility that alternative procedures may be em-

ployed. Additionally, the information in h1034i is pre-

sented assuming that computers and suitable software

will be used for data analysis. This view does not relieve

the analyst of responsibility for the consequences of

choices pertaining to bioassay design and analysis.

2. OVERVIEW OF ANALYSIS OF BIOASSAY DATA

Following is a set of steps that will help guide the anal-

ysis of a bioassay. This section presumes that decisions

were made following a similar set of steps during devel-

opment, checked during validation, and then not re-

quired routinely. Those steps and decisions are covered
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in general information chapter Design and Development

of Biological Assays h1032i. Section 3 Analysis Models pro-

vides details for the various models considered.

1. As a part of the chosen analysis, select the subset of

data to be used in the determination of the relative

potency using the prespecified scheme. Exclude only

data known to result from technical problems such

as contaminated wells, non-monotonic concentra-

tion–response curves, etc.

2. Fit the statistical model for detection of potential out-

liers, as chosen during development, including any

weighting and transformation. This is done first with-

out assuming similarity of the Test and Standard

curves but should include important elements of

the design structure, ideally using a model that

makes fewer assumptions about the functional form

of the response than the model used to assess simi-

larity.

3. Determine which potential outliers are to be re-

moved and fit the model to be used for suitability as-

sessment. Usually, an investigation of outlier cause

takes place before outlier removal. Some assay sys-

tems can make use of a statistical (noninvestigative)

outlier removal rule, but removal on this basis should

be rare.

4. Assess system suitability. System suitability assesses

whether the assay Standard preparation and any

controls behaved in a manner consistent with past

performance of the assay. If an assay (or a run) fails

system suitability, the entire assay (or run) is discard-

ed and no results are reported other than that the

assay (or run) failed. Assessment of system suitability

usually includes adequacy of the fit of the model

used to assess similarity. For linear models, adequacy

of the model may include assessment of the linearity

of the Standard curve. If the suitability criterion for

linearity of the Standard is not met, the exclusion

of one or more extreme concentrations may result

in the criterion’s being met. Examples of other possi-

ble system suitability criteria include background,

positive controls, max/min, max/background, slope,

EC50 (or ED50), and variation around the fitted model.

5. Assess sample suitability for each Test sample. This is

done to confirm that the data for each Test sample

satisfy necessary assumptions. If a Test sample fails

sample suitability, results for that sample are re-

ported as ‘‘Fails.’’ Relative potencies for other Test

samples in the assay may still be reported. Most pro-

minent of sample suitability criteria is similarity,

whether parallelism for parallel models or equiva-

lence of intercepts for slope-ratio models. For nonlin-

ear models, similarity assessment involves all curve

parameters other than ED50 (or IC50).

6. For those Test samples in the assay that meet the cri-

terion for similarity to the Standard (i.e., sufficiently

similar concentration–response curves or similar

straight–line subsets of concentrations), calculate rel-

ative potency estimates assuming similarity between

Test and Standard, i.e., assuming exactly parallel

lines or curves or equal intercepts.

7. A single assay is often not sufficient to achieve a re-

portable value, and potency results from multiple as-

says can be combined into a single potency estimate.

Repeat steps 1–6 multiple times, as specified in the

assay protocol or monograph, before determining

a final estimate of potency and a confidence interval.

8. Construct a variance estimate and confidence inter-

val for the estimated potency of the analyte. See sec-

tion 4 Confidence Intervals.

A step that is not shown concerns replacement of miss-

ing data. Most modern statistical methodology (and

software) does not require equal numbers at each com-

bination of concentration and sample. Thus, unless

otherwise directed by a specific monograph, analysts

generally do not need to replace missing values.
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3. ANALYSIS MODELS

A number of mathematical functions can be successful-

ly used to describe a concentration–response relation-

ship. The first consideration in choosing a model is the

form of the assay response. Is it a number, a count, or a

category such as dead/alive? The form will identify the

possible models that can be considered.

Other considerations in choosing a model include the

need to incorporate design elements in the model and

the possible benefits of means models compared to re-

gression models. For purposes of presenting the essen-

tials of the model choices, section 3 Analysis Models

assumes a completely randomized design so that there

are no design elements to consider and presents the

models in their regression form. See examples on the

USP Web site that incorporate design elements and con-

trast means models to regression models.

3.1 Quantitative and Qualitative Assay Responses

The terms quantitative and qualitative refer to the na-

ture of the response of the assay used in constructing

the concentration–response model. Assays with either

quantitative or qualitative responses can be used to

quantify product potency. Note that the responses of

the assay at the concentrations measured are not the rel-

ative potency of the bioassay. Analysts should under-

stand the differences among responses, concentration–

response functions, and relative potency.

A quantitative response results in a number on a con-

tinuous scale. Common examples include spectrophoto-

metric and luminescence responses, body weights and

measurements, and data calculated relative to a standard

curve (e.g., cytokine concentration). Models for quanti-

tative responses can be linear or nonlinear (see sections

3.2–3.5).

A qualitative measurement results in a categorical re-

sponse. For bioassay, qualitative responses are most of-

ten quantal , meaning they entai l two possible

categories such as Positive/Negative, 0/1, or Dead/Alive.

Quantal responses may be reported as proportions (e.g.,

the proportion of animals in a group displaying a proper-

ty). Quantal models are presented in section 3 Analysis

Models, Dichotomous (Quantal) Assays. Qualitative re-

sponses can have more than two possible categories,

such as end-point titer assays. Models for more than

two categories are not considered in this general chapter.

Assay responses can also be counts, such as number of

plaques or colonies. Integer responses are sometimes

treated as quantitative, sometimes as qualitative, and

sometimes models specific to integers are used. The

choice is often based on the range of counts. If the count

is mostly 0 and rarely greater than 1, the assay may be

analyzed as quantal and the response is Any/None. If

the counts are large and cover a wide range, such as

500 to 2500, then the assay may be analyzed as quanti-

tative, possibly after transformation of the counts. A

square root transformation of the count is often helpful

in such analyses to better satisfy homogeneity of vari-

ances. If the range of counts includes or is near 0 but 0

is not the preponderant value, it may be preferable to use

a model specific for integer responses. Poisson regression

and negative binomial regression models are often good

options. Models specific to integers will not be discussed

further in this general chapter.

Assays with quantitative responses may be converted

to quantal responses. For example, what may matter is

whether some defined threshold is exceeded. The model

could then be quantal—threshold exceeded or not. In

general, assay systems have more precise estimates of

potency if the model uses all the information in the re-

sponse. Using above or below a threshold, rather than

the measured quantitative responses, is likely to degrade

the performance of an assay.
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3.2 Overview of Models for Quantitative

Responses

In quantitative assays, the measurement is a number

on a continuous scale. Optical density values from

plate-based assays are such measurements. Models for

quantitative assays can be linear or nonlinear. Although

the two display an apparent difference in levels of com-

plexity, parallel-line (linear) and parallel-curve (nonlinear)

models share many commonalities. Because of the differ-

ent form of the equations, slope-ratio assays are consid-

ered separately (section 3.5 Slope-Ratio Concentration–

Response Models).

Assumptions—The basic parallel-line, parallel-curve,

and slope-ratio models share some assumptions. All in-

clude a residual term, e, which is assumed to be indepen-

dent from measurement to measurement and to have

constant variance from concentration to concentration.

Often the residual term is assumed to have a normal dis-

tribution as well. The assumptions of independence and

equal variances are commonly violated, so the goal in

analysis is to incorporate the lack of independence and

the unequal variances into the statistical model or the

method of estimation.

Lack of independence often arises because of the de-

sign or conduct of the assay. For example, if the assay

consists of responses from multiple plates, observations

from the same plate are likely to share some common in-

fluence that is not shared with observations from other

plates. This is an example of intraplate correlation. A sim-

ple approach for dealing with this lack of independence

is to include a block term in the statistical model for plate.

With three or more plates this should be a random effects

term so that we obtain an estimate of plate-to-plate vari-

ability.

In general, the model needs to closely reflect the de-

sign. The basic model equations given in sections 3.3–

3.5 apply only to completely randomized designs. Any

other design will mean additional terms in the statistical

model. For example, if plates or portions of plates are

used as blocks, one will need terms for blocks.

Calculation of Potency—A primary assumption underly-

ing methods used for the calculation of relative potency

is that of similarity. Two preparations are similar if they

contain the same effective constituent or same effective

constituents in the same proportions. If this condition

holds, the Test preparation behaves as a dilution (or con-

centration) of the Standard preparation. Similarity can be

represented mathematically as follows. Let FT be the con-

centration–response function for the Test, and let FS be

the concentration–response function for the Standard.

The underlying mathematical model for similarity is:

FT(z) = FS(r z), [3.1]

where z represents the concentration and r represents

the relative potency of the Test sample relative to the

Standard sample.

Methods for estimating r in some common concentra-

tion–response models are discussed below. For linear

models, the distinction between parallel-line models

(section 3.3 Parallel-Line Models for Quantitative Response)

and slope-ratio models (section 3.5 Slope-Ratio Concen-

tration–Response Models) is based on whether a

straight-line fit to log concentration or concentration

yields better agreement between the model and the data

over the range of concentrations of interest.

3.3 Parallel-Line Models for Quantitative

Responses

In this section, a linear model refers to a concentration–

response relationship, which is a straight-line (linear)

function between the logarithm of concentration, X,

and the response, Y. Y may be the response in the scale

as measured or a transformation of the response. The
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functional form of this relationship is Y = a + bX. Straight-

line fits may be used for portions of nonlinear concentra-

tion–response curves, although doing so requires a

method for selecting the concentrations to use for each

of the Standard and Test samples (see h1032i).

Means Models vs Regression—A linear concentration–

response model is (outside bioassay) most often analyzed

with ordinary least squares regression. Such an analysis

results in estimates of the unknown coefficients (inter-

cepts and slope) and their standard errors, as well as

measures of the goodness of fit [e.g., R2 or root-mean-

square error (RMSE)].

Linear regression works best where all concentrations

can be used and there is negligible curvature in the con-

centration–response data. Another statistical method for

analyzing linear concentration–response curves is the

means model. This is an analysis of variance (ANOVA)

method that offers some advantages, particularly when

one or more concentrations from one or more samples

are not used to estimate potency. Because a means mo-

del uses all observations to measure variation, it will cap-

ture the variance in the bioassay system better than a

regression model does. A means model contains a satu-

rated model for samples crossed with concentrations,

where concentrations are treated as a categorical vari-

able (class or factor) rather than as a regression predictor.

That is, the model includes a term for each combination

of concentration and sample. With a means model,

straight lines are fit to test and reference using linear

combinations of the fitted means.

Parallel-Line Concentration–Response Models—If the

general concentration–response model (3.1 Quantitative

and Qualitative Assay Responses) can be made linear in x =

log(z), the resulting equation is then:

y = a + b log(z) + e = a + bx + e,

where the intercept, a, and slope, b, will differ between

Test and Standard. With the parallelism (equal slopes) as-

sumption, the model becomes nt twhere S denotes Stan-

dard, T denotes Test, aS = a is the y-intercept for the

Standard, and aT = a + blog(r) is the y-intercept for the

Test (see Figure 3.1).

yS = a + blog(z) + e = aS + bx + e

[3.2]

yT = a + blog(rz) + e = [a + blog(r)] + bx + e = aT + bx + e,

Figure 3.1. Example of parallel-line model.

Where concentration–response lines are parallel, as

shown in Figure 3.1, a separation or horizontal shift in

one line indicates a difference in the level of biological ac-

tivity being assayed. This horizontal difference is numer-

ically log(r), the logarithm of the relative potency, and is

found as the vertical distance between the lines aT and aS

divided by the slope, b. The relative potency is then

Estimation of Parallel-line Models—Parallel-line models

are fit by the method of least squares. If the equal vari-

ance assumption holds, the parameters of equation

[3.2] are chosen to minimize
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where the carets denote estimates. This is a linear regres-

sion with two independent variables, T and x, where T is a

variable that equals 1 for observations from the Test and

0 for observations from the Standard. The summation in

equation [3.3] is over all observations of the Test and

Standard. If the equal variance assumption does not hold

but the variance is known to be inversely proportional to

a value, w, that does not depend on the current respon-

ses, the y’s, and can be determined for each observation,

then the method is weighted least squares

Equation 3.4 is appropriate only if the weights are de-

termined without using the response, the y’s, from the

current data (see h1032i for guidance in determining

weights). In equations [3.3] and [3.4] b is the same as

the b in equation [3.2] and d = aT – aS = b log r. So,

the estimate of the relative potency, r, is

Commonly available statistical software and spread-

sheets provide routines for least squares. Not all software

can provide weighted analyses.

Measurement of Nonparallelism—Parallelism for linear

models is assessed by considering the difference or ratio

of the two slopes. For the difference, this is can be done

by fitting the regression model,

y = aS + dT + bSx + gxT + e

where d = aT– aS, g = bT – bS, and T = 1 for Test data and T

= 0 for Standard data. Then use the standard t-distribu-

tion confidence interval for g. For the ratio of slopes, fit

y = aS + dT + bSx + bTx + e

and use Fieller’s Theorem, equation [4.3], to obtain a

confidence interval for bT/bS.

3.4 Nonlinear Models for Quantitative Responses

Nonlinear concentration–response models are typical-

ly S-shaped functions. They occur when the range of

concentrations is wide enough so that responses are con-

strained by upper and lower asymptotes. The most com-

mon of these models is the four-parameter logistic

function as given below.

Let y denote the observed response and z the concen-

tration. One form of the four-parameter logistic model is

One alternative, but equivalent, form is

The two forms correspond as follows:

Lower asymptote: D = a0

Upper asymptote: A = a0 + d

Steepness: B = M (related to the slope of the curve at

the EC50)
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Effective concentration 50% (EC50): C = antilog(b)

(may also be termed ED50).

Any convenient base for logarithms is suitable; it is of-

ten convenient to work in log base 2, particularly when

concentrations are twofold apart.

The four-parameter logistic curve is symmetric around

the EC50 when plotted against log concentration because

the rates of approach to the upper and lower asymptotes

are the same (see Figure 3.2). For assays where this sym-

metry does not hold, a number of models for sigmoid

curves are asymmetric, and these models are not consid-

ered further in this general chapter.

Figure 3.2. Examples of symmetric (four-parameter

logistic) and asymmetric sigmoids.

In many assays the analyst has a number of strategic

choices. For example, the responses could be modeled

using a transformed response fit to a four-parameter lo-

gistic curve, or the responses could be weighted and fit

to an asymmetric sigmoid curve. Also, it is often impor-

tant to include terms in the model (often random effects)

to address variation in the responses (or parameters of

the response) associated with blocks or experimental

units in the design of the assay. For simple assays where

observations are independent, these strategic choices are

fairly straightforward. For assays performed with

grouped dilutions (as with multichannel pipets), assays

with serial dilutions, or assay designs that include blocks

(as with multiple plates/assay), it is usually a more serious

violation of the statistical assumptions to ignore the de-

sign structure than to use a transformation that approx-

imates a solution to nonconstant variance and

asymmetry. Additionally, for these more complex assays,

such transformation is superior to imposing a weighted

fit to an asymmetric model.

Parallel-Curve Concentration–Response Models—The

concept of parallelism is not restricted to linear models.

For nonlinear curves, parallel or similar means the con-

centration–response curves can be superimposed follow-

ing a horizontal displacement of one of the curves, as

shown in Figure 3.3 for four-parameter logistic curves.

In terms of the parameters of equation [3.5], this means

the values of A, D, and B for the Test are the same as for

the Standard.

Figure 3.3. Example of parallel curves from a nonlinear

model.

The equations corresponding to the figure (with error

term, e, added) are
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or

Log r is the log of the relative potency and the horizon-

tal distance between the two curves, just as for the par-

allel-line model. Because the EC50 of the standard is

antilog(b) and that of the Test is antilog(b – log r) = an-

tilog(b)/r, the relative potency is the ratio of EC50’s

(standard over Test) when the parallel-curve model

holds.

Estimation of Parallel-Curve Models—Estimation of non-

linear, parallel-curve models is similar to that for parallel-

line models, possibly after transformation of the response

and possibly with weighting. For the four-parameter lo-

gistic model, the parameter estimates are found by min-

imizing:

without weighting, or

with weighting. (As for equation [3.4], equation [3.6] is

appropriate only if the weights are determined without

using the responses, y’s, from the current data.) In either

case, the estimate of r is the estimate of the log of the

relative potency. For some software, it may be easier to

work with a0 = A – D.

The parameters of the four-parameter logistic function

and those of the asymmetric sigmoid models cannot be

found with ordinary (linear) least squares regression rou-

tines. Computer programs with nonlinear estimation

techniques must be used.

Analysts should not use the nonlinear regression fit to

assess parallelism or estimate potency if any of the follow-

ing are present: a) inadequate asymptote information is

available; or b) a comparison of pooled error(s) from

nonlinear regression to pooled error(s) from a means mo-

del shows that the nonlinear model does not fit well; or c)

other appropriate measures of goodness of fit show that

the nonlinear model is not appropriate (e.g., residual

plots show evidence of a ‘‘hook’’).

Measurement of Nonparallelism—Assessment of paral-

lelism for a four-parameter logistic model means assess-

ing the slope parameter and the two asymptotes. During

development (see h1032i), a decision should be made re-

garding which parameters are important and how to

measure nonparallelism. As discussed in h1032i, the

measure of nonsimilarity may be a composite measure

that considers all parameters together in a single mea-

sure or may consider each parameter separately. In the

latter case, the measure may be functions of the param-

eters, such as an asymptote divided by the difference of

asymptotes. For each parameter (or function of parame-

ters), confidence intervals can be computed by boot-

strap or likelihood profile methods. These methods are

not presented in this general chapter.

3.5 Slope-Ratio Concentration–Response Models

If a straight-line regression fits the nontransformed

concentration–response data well, a slope-ratio model

may be used. The equations for the slope-ratio model as-

suming similarity are then:
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yS = a + bx + e = a + bSx + e

[3.7]

yT = a + b(rx) + e = a + bSrx + e = a + bTx + e

An identifying characteristic of a slope-ratio concentra-

tion–response model that can be seen in the results of a

ranging study is that the lines for different potencies from

a ranging study have the same intercept and different

slopes. Thus, a graph of the ranging study resembles a

fan. Figure 3.4 shows an example of a slope-ratio concen-

tration–response model. Note that the common inter-

cept need not be the origin.

Figure 3.4. Example of slope-ratio model.

An assay with a slope-ratio concentration–response

model for measuring relative potency consists, at a min-

imum, of one Standard sample and one Test sample,

each measured at one or more concentrations and, us-

ually, a measured response with no sample (zero concen-

tration). Because the concentrations are not log

transformed, they are typically equally spaced on the

original, rather than log, scale. The model consists of

one common intercept, a slope for the Test sample re-

sults, and a slope for the Standard sample results as in

equation [3.7]. The relative potency is then found from

the ratio of the slopes:

Relative Potency =

Test sample slope/Standard sample slope =

br/b = r

Assumptions for and Estimation of Slope-Ratio Models—

The assumptions for the slope-ratio model are the same

as for parallel-line models: The residual terms are inde-

pendent, have constant variance, and may need to have

a normal distribution. The method of estimation is also

least squares. This may be implemented either with or

without weighting, as demonstrated in equations [3.8]

and [3.9], respectively.

Equation [3.9] is appropriate only if the weights are de-

termined without using the response, the y’s, from the

current data. This is a linear regression with two indepen-

dent variables, x(1 – T) and xT, where T = 1 for Test data

and T = 0 for Standard data. �̂�T is the estimated slope for

the Test, �̂�S the estimated slope for the Standard, and

then the estimate of relative potency is

Because the slope-ratio model is a linear regression mo-

del, most statistical packages and spreadsheets can be

used to obtain the relative potency estimate. In some as-
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say systems, it is sometimes appropriate to omit the zero

concentration and at times one or more of the high con-

centrations. The discussion about using a means model

and selecting subsets of concentrations for straight par-

allel-line bioassays applies to slope-ratio assays as well.

Measurement of Nonsimilarity—For slope-ratio models,

statistical similarity corresponds to equal intercepts for

the Standard and Test. To assess the similarity assump-

tion it is necessary to have at least two nonzero concen-

trations for each sample. If the intercepts are not equal,

equation [3.7] becomes

yS = aS + bSx + e

yT = aT + bTx + e

Departure from similarity is typically measured by the dif-

ference of intercepts, aT – aS. An easy way to obtain a con-

fidence interval is to fit the model,

y = aS + dT + bSx(1 – T) + bTxT + e,

where d = aT – aS and use the standard t-distribution-

based confidence interval for d.

3.6 Dichotomous (Quantal) Assays

For quantal assays the assay measurement has a di-

chotomous or binary outcome, e.g., in animal assays

the animal is dead or alive or a certain physiologic re-

sponse is or is not observed. For cellular assays, the quan-

tal response may be whether there is or is not a response

beyond some threshold in the cell. In cell-based viral titer

or colony-forming assays, the quantal response may be a

limit of integer response such as an integer number of

particles or colonies. When one can readily determine if

any particles are present—but not their actual number—

then the assay can be analyzed as quantal. Note that if

the reaction can be quantitated on a continuous scale,

as with an optical density, then the assay is not quantal.

Models for Quantal Analyses—The key to models for

quantal responses is to work with the probability of a re-

sponse (e.g., probability of death), in contrast to quanti-

tative responses for which the model is the response

itself. For each concentration, d, a treated animal, as an

example, has a probability of responding to that concen-

tration, P(d). Often the curve P(d) can be approximated

by a sigmoid when plotted against the logarithm of con-

centration, as shown in Figure 3.5. This curve shows that

the probability of responding increases with concentra-

tion. The concentration that corresponds to a probability

of 0.5 is the ED50.

Figure 3.5. Example of sigmoid for P(d).

The sigmoid curve is usually modeled based on the

normal or logistic distribution. If the normal distribution

is used, the resulting analysis is termed probit analysis,

and if the logistic is used the analysis is termed logit or

logistic analysis. The probit and logit models are practi-

cally indistinguishable, and either is an acceptable

choice. The choice may be based on the availability of

software that meets the laboratory’s analysis and report-

ing needs. Because software is more commonly available

for logistic models (often under the term logistic regres-

sion) this discussion will focus on the use and interpreta-

tion of logit analysis. The considerations discussed in this

section for logit analysis (using a logit transformation)

apply as well to probit analysis (using a probit transfor-

mation).

Logit Model—The logit model for the probability of re-

sponse, P(d), can be expressed in two equivalent forms.

For the sigmoid,
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where log(ED50) = – b0/b1. An alternative form shows the

relationship to linear models:

The linear form is usually shown using natural logs and

is a useful reminder that many of the considerations, in

particular linearity and parallelism, discussed for paral-

lel-line models in section 3.3 Parallel-Line Models for

Quantitative responses apply to quantal models as well.

For a logit analysis with Standard and Test prepara-

tions, let T be a variable that takes the value 1 for animals

receiving the Test preparation and 0 for animals receiving

the Standard. Assuming parallelism of the Test and Stan-

dard curves, the logit model for estimating relative po-

tency is then:

The log of the relative potency of the Test compared to

the Standard preparation is then b2/b1. The two curves in

Figure 3.6 show parallel Standard and Test sigmoids. (If

the corresponding linear forms equation [3.10] were

shown, they would be two parallel straight lines.) The

log of the relative potency is the horizontal distance be-

tween the two curves, in the same way as for the linear

and four-parameter logistic models given for quantitative

responses (sections 3.4 Nonlinear models for Quantitative

Responses and 3.5 Slope-Ratio Concentration–Response

Models).

Figure 3.6. Example of Parallel Sigmoid Curves.

Estimating the Model Parameters and Relative Potency—

Two methods are available for estimating the parameters

of logit and probit models: maximum likelihood and

weighted least squares. The difference is not practically

important, and the laboratory can accept the choice

made by its software. The following assumes a general

logistic regression software program. Specialized soft-

ware should be similar.

Considering the form of equation [3.10], one observes

a resemblance to linear regression. There are two inde-

pendent variables, log(d) and T. For each animal, there

is a yes/no dependent variable, often coded as 1 for

yes or response and 0 for no or no response. Although bi-

oassays are often designed with equal numbers of ani-

mals per concentration, that is not a requirement of

analysis. Utilizing the parameters estimated by software,

which include b0, b1, and b2 and their standard errors,

one obtains the estimate of the natural log of the relative

potency:
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Substituting the parameter estimates and their stan-

dard errors into Fieller’s Theorem (see Section 4.3), one

can calculate the model-based confidence interval for

the log of relative potency. The confidence interval for

the relative potency is then [antilog(L), antilog(U)],

where [L, U] is the confidence interval for the log relative

potency.

Assumptions—In most cases, quantal analyses assume a

standard binomial model with independence of results

from animal to animal. The binomial is a common choice

of distribution for dichotomous data. The key assump-

tions of the binomial are that at a given concentration

each animal treated at that concentration has the same

probability of responding and the results for any animal

are independent from those of all other animals. This ba-

sic set of assumptions can be violated in many ways.

Foremost among them is the presence of litter effects,

where animals from the same litter tend to respond more

alike than do animals from different litters. Cage effects,

in which the environmental conditions or care rendered

to any specific cage makes the animals from that cage

more or less likely to respond to experimental treatment,

violates the same equal-probability assumption. These

assumption violations and others like them (that could

be a deliberate design choice) do not preclude the use

of logit or probit models. Still, they are indications that

a more complex approach to analysis than that present-

ed here may be required (see h1032i).

Checking Assumptions—To assess parallelism, equation

[3.10] may be modified as follows:

Here, b3 is the difference of slopes between Test and Stan-

dard and should be sufficiently small. [The T*log(d) term

is known as an interaction term in statistical terminology.]

The measure of nonparallelism may also be expressed in

terms of the ratio of slopes, (b1 + b3)/b1. For model-based

confidence intervals for these measures of nonparalle-

lism, bootstrap or profile likelihood methods are recom-

mended. These methods are not covered in this general

chapter.

To assess linearity, it is good practice to start with

a graphica l examinat ion. In accordance with

equation [3.10], this would be a plot of log[(y + 0.5)/

(n – y + 0.5)] against log(concentration), where y is the

total number of responses at the concentration and n is

the number of animals at that concentration. (The 0.5

corrections improve the properties of this calculation as

an estimate of log(P/(1 – P)).) The lines for Test and Stan-

dard should be parallel straight lines as for the linear mo-

del in quantitative assays. If the relationship is monotonic

but does not appear to be linear, then the model in

[3.10] can be extended with other terms. For example,

a quadratic term in log(concentration) could be added:

[log(concentration)]2. If concentration needs to be trans-

formed to something other than log concentration, then

the quantal model analogue of slope-ratio assays is an

option. The latter is possible but sufficiently unusual that

it will not be discussed further in this general chapter.

Outliers—Assessment of outliers is more difficult for

quantal assays than for quantitative assays. Because the

assay response can be only yes or no, no individual re-

sponse can be unusual. What may appear to fall into

the outlier category is a single response at a low concen-

tration or a single no-response at a high concentration.

Assuming that there has been no cause found (e.g., fail-

ure to properly administer the drug to the animal), there

is no statistical basis for distinguishing an outlier from a

rare event.

Alternative Methods—Alternatives to the simple quantal

analyses outlined here may be acceptable, depending on

the nature of the analytical challenge. One such chal-

lenge is a lack of independence among experimental
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units, as may be seen in litter effects in animal assays.

Some of the possible approaches that may be employed

are Generalized Estimating Equations (GEE), generalized

linear models, and generalized linear mixed-effects

models. A GEE analysis will yield standard errors and con-

fidence intervals whose validity does not depend on the

satisfaction of the independence assumption.

There are also methods that make no particular choice

of the model equation for the sigmoid. A commonly seen

example is the Spearman–Kärber method.

4. CONFIDENCE INTERVALS

A report of an assay result should include a measure of

the uncertainty of that result. This can be a standard error

or a confidence interval. An interval (c, d) is a 95% con-

fidence interval for a parameter (e.g., relative potency) if

95% of such intervals upon repetition of the experiment

would include the actual value of the parameter. A con-

fidence interval may be interpreted as indicating values

of the parameter that are consistent with the data. This

interpretation of a confidence interval requires that vari-

ous assumptions be satisfied. The interval width is some-

times used as a suitability criterion without the

confidence interpretation. In such cases the assumptions

need not be satisfied.

Confidence intervals can either be model-based or sam-

ple-based. A model-based interval is based on the stan-

dard errors for each of the one or more estimates of

log relative potency that come from the analysis of a par-

ticular statistical model. Model-based intervals should be

avoided if sample-based intervals are possible. Model-

based intervals require that the statistical model correctly

incorporate all the effects and correlations that influence

the model’s estimate of precision. These include but are

not be limited to serial dilution and plate effects. Section

4.3 Model-Based Methods describes Fieller’s Theorem, a

commonly used model-based interval.

Sample-based methods combine independent esti-

mates of log relative potency. Multiple assays may arise

because this was determined to be required during de-

velopment and validation or because the assay proce-

dure fixes a maximum acceptable width of the

confidence interval and two or more independent assays

may be needed to meet the specified width requirement.

Some sample-based methods do not require that the sta-

tistical model correctly incorporate all effects and corre-

lations. However, this should not be interpreted as

dismissing the value of addressing correlations and other

factors that influence within-assay precision. The within-

assay precision is used in similarity assessment and is a

portion of the variability that is the basis for the sam-

ple-based intervals. Thus minimizing within-assay vari-

ability to the extent practical is important. Sample-

based intervals are covered in section 4.2 Combining In-

dependent Assays (Sample-Based Confidence Interval Meth-

ods).

4.1 Combining Results from Multiple Assays

In order to mitigate the effects of variability, analysts

often find it necessary to replicate independent bioassays

and to combine their results to obtain a single reportable

value. During assay development and validation, analysts

should evaluate whether it is useful to combine the re-

sults of such assays and, if so, in what way to proceed.

There are two primary questions to address when con-

sidering how to combine results from multiple assays:

Are the assays mutually independent?

A set of assays may be regarded as mutually indepen-

dent when the responses of one do not in any way

depend on the distribution of responses of any of

the others. This implies that the random errors in

all essential factors influencing the result (for exam-

ple, dilutions of the standard and of the preparation

to be examined or the sensitivity of the biological in-
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dicator) in one assay must be independent of the

corresponding random errors in the other assays. As-

says on successive days using the original and re-

tained dilutions of the Standard, therefore, are not

independent assays. Similarly, if the responses, par-

ticularly the potency, depend on other reagents that

are shared by assays (e.g., cell preparations), the as-

says may not be independent.

Assays need not be independent in order for analysts

to combine results. However, methods for indepen-

dent assays are much simpler. Also, combining de-

pendent assay results may require assumptions

about the form of the correlation between assay re-

sults that may be, at best, challenging to verify. Sta-

tistical methods are available for dependent assays,

but they are not presented in this general chapter.

Are the results of the assays homogeneous?

Homogeneous results differ only because of random

within-assay errors. Any contribution from factors as-

sociated with intermediate precision precludes ho-

mogeneity of results. Intermediate precision factors

are those that vary between assays within a laborato-

ry and can include analyst, equipment, and environ-

mental conditions. There are statistical tests for

heterogeneity, but lack of statistically significant het-

erogeneity is not properly taken as assurance of ho-

mogeneity and so no test is recommended. If

analysts use a method that assumes homogeneity,

homogeneity should be assessed during develop-

ment, documented during validation, and moni-

tored during ongoing use of the assay.

Additionally, before results from assays can be com-

bined, analysts should consider the scale on which that

combination is to be made. In general, the combination

should be done on the scale for which the parameter es-

timates are approximately normally distributed. Thus, for

relative potencies based on a parallel-line or parallel-

curve method, the relative potencies are combined in

the logarithm scale.

4.2 Combining Independent Assays (Sample-

Based Confidence Interval Methods)

Analysts can use several methods for combining the re-

sults of independent assays. A simple method described

below (Method 1) assumes a common distribution of rel-

ative potencies across the assays and is recommended. A

second procedure is provided and may be useful if ho-

mogeneity of relative potency across assays can be doc-

umented. A third alternative is useful if the assumptions

for Methods 1 and 2 are not satisfied. Another alterna-

tive, analyzing all assays together using a linear or nonlin-

ear mixed-effects model, is not discussed in this general

chapter.

Method 1—Independent Assay Results From a Common

Assay Distribution—The following is a simple method that

assumes independence of assays. It is assumed that the

individual assay results (logarithms of relative potencies)

are from a common normal distribution with some non-

zero variance. This common distribution assumption re-

quires that all assays to be combined used the same

design and laboratory procedures. Implicit is that the rel-

ative potencies may differ between the assays. This meth-

od thus captures interassay variability in relative potency.

Note that the individual relative potencies should not be

rounded before combining results.

Let Ri denote the logarithm of the relative potency of

the ith assay of N assay results to be combined. To com-

bine the N results, the mean, standard deviation, and

standard error of the Ri are calculated in the usual way:
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A 100(1 – a)% confidence interval is then found as

R + tN – 1,a/2SE

where tN – 1,a/2 is the upper a/2 percentage point of a t-dis-

tribution with N – 1 degrees of freedom. The quantity

tN – 1,a/2SE is the expanded uncertainty of R. The number,

N, of assays to be combined is usually small, and hence

the value of t is usually large.

Because the results are combined in the logarithm

scale, the combined result can be reported in the un-

transformed scale as a confidence interval for the geome-

tric mean potency, estimated by anti/log(R),

antilog(R – tN – 1,a/2SE), anti log(R + tN – 1,a/2SE).

Method 2—Independent Assay Results, Homogeneity As-

sumed—This method can be used provided the following

conditions are fulfilled:

(1) The individual potency estimates form a homogene-

ous set with regard to the potency being estimated.

Note that this means documenting (usually during

development and validation) that there are no con-

tributions to between-assay variability from interme-

diate precision factors. The individual results should

appear to be consistent with homogeneity. In partic-

ular, differences between them should be consistent

with their standard errors.

(2) The potency estimates are derived from indepen-

dent assays.

(3) The number of degrees of freedom of the individual

residual errors is not small. This is required so that the

weights are well determined.

When these conditions are not fulfilled, this method

cannot be applied and Method 1, Method 3, or some

other method should be used. Further note that Method

2 (because it assumes no inter-assay variability) often re-

sults in narrower confidence intervals than Method 1,

but this is not sufficient justification for using Method 2

absent satisfaction of the conditions listed above.

Calculation of Weighting Coefficients—It is assumed that

the results of each of the N assays have been analyzed to

give N values of log potency with associated confidence

limits. For each assay, i, the logarithmic confidence inter-

val for the log potency or log relative potency and a value

Li are obtained by subtracting the lower confidence limit

from the upper. (This formula, using the Li, accommo-

dates asymmetric confidence intervals such as from Fiel-

ler’s Theorem, Section 4.3 Model-Based Methods). A

weight Wi for each value of the log relative potency, Ri,

is calculated as follows, where ti has the same value as

that used in the calculation of confidence limits in the

ith assay:

Calculation of The Weighted Mean and Confidence Lim-

its—The products WiRi are formed for each assay, and

their sum is divided by the total weight for all assays to

give the weighted mean log relative potency and its stan-

dard error as follows:
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A 100(1 – a)% confidence interval in the log scale is then

found as

R + tk,a/2SE [4.2]

where tk,a/2 is the upper a/2 percentage point of a t-distri-

bution with degrees of freedom, k, equal to the sum of

the number of degrees of freedom for the error mean

squares in the individual assays. This confidence interval

can then be transformed back to the original scale as for

Method 1.

Method 3—Independent Assay Results, Common Assay

Distribution Not Assumed—Method 3 is an approximate

method that may be considered if the conditions for

Method 1 (common assay distribution) or Method 2 (ho-

mogeneity) are not met.

The observed variation then has two components:

� the intra-assay variation for assay i:

� the inter-assay variation:

For each assay, a weighting coefficient is then calculat-

ed as

which replaces Wi in equation [4.1] and where t in equa-

tion [4.2] is often approximated by the value 2.

4.3 Model-Based Methods

Many confidence intervals are of the form:

Confidence interval = value + k times the standard error

of that value.

For such cases, as long as the multiplier k can be easily

determined (e.g., from a table of the t-distribution), re-

porting the standard error and the confidence interval

are largely equivalent because the confidence interval is

then easily determined from the standard error. How-

ever, the logarithms of relative potencies for parallel-line

models and some parameterizations of nonlinear models

and the relative potencies from slope-ratio models are ra-

tios. In such cases, the confidence intervals are not sym-

metric around the estimated log relative potency or

potency, and Fieller’s Theorem is needed. For these

asymmetric cases the confidence interval should be re-

ported because the standard error by itself does not cap-

ture the asymmetry.

Fieller’s Theorem is the formula for the confidence in-

terval for a ratio. Let R = a/b be the ratio for which we

need a confidence interval. For the estimates of a and

b, we have their respective standard errors, SEa and SEb,

and a covariance between them, denoted Cov. (The co-

variance is a measure of the degree to which a and b are

related and is proportional to the correlation between a
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and b.) The covariance may be 0, as for standard parallel-

line analyses, but it need not be. The confidence interval

for R then is as follows:

where

and t is the appropriate t deviate value that will depend

on the sample size and confidence level chosen (usually

95%). If g41, it means that the denominator, b̂b, is not

statistically significantly different from 0 and the use of

the ratio is not sensible for those data.

For those cases where the estimates of a and b are sta-

tistically uncorrelated (Cov = 0), the confidence interval

formula simplifies to
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APPENDIX–GLOSSARY

[NOTE—This glossary is included as an aid in reading

and reviewing proposed Chapters h1032i, h1033i, and

h1034i. It will not be part of the final h1034i. Instead it

will be part of another chapter and will be applicable to

all of h111i, h1032i, h1033i, and h1034i.]

GLOSSARY

The following is a glossary pertinent to biological as-

says. For some of this document’s terms, the derivation

may be clear. Rather than claiming originality, the au-

thors seek to associate with this work a compendial per-

spective that will broadly provide clarity going forward;

consistency with previous authoritative usage; and a use-

ful focus on the bioassay context. In many cases the

terms cited here have common usages or are defined

in USP general chapter Validation of Compendial Proce-

dures h1225i, and the International Conference on Har-

monization (ICH) Guideline Q2(R1), Text on Validation of

Analytical Procedures (1). In such cases, the authors seek

to be consistent, and they have made notes where a dif-

ference arose due to the bioassay context. Definitions

from h1225i and ICH Q2 are identified as ‘‘1225’’ if taken

without modification or ‘‘adopted from 1225’’ if taken

with minor modification for application to bioassay.

(Q2 and h1225i agree on definitions.) Most definitions

are accompanied by notes that elaborate on the bioassay

context.

I. General Terms Related to Bioassays

Analytical procedure (adopted from Q2A)—de-

tailed description of the steps necessary to perform the

assay.

Notes:1. The description may include but is not limited

to the sample, the reference standard and the reagents,

use of the apparatus, generation of the standard curve,

use of the formulas for the calculation, etc. 2. An FDA

Guidance provides a list of information that typically

should be included in the description of an analytical pro-

cedure (2).

Assay—analysis (as of a drug) to determine the quantity

of one or more components or the presence or absence

of one or more components.

Notes: 1. Assay often is used as a verb synonymous

with to determine, as in, ‘‘I will assay the material for im-

purities.’’ In this glossary, assay is a noun and is synony-

mous with the analytic procedure (protocol). 2. The phrase

‘‘to run the assay’’ means to perform the analytical pro-

cedure(s) as specified.

Assay data set—the set of data used to determine a sin-

gle potency or relative potency for all samples included in

the bioassay.

Notes: 1. The definition of an assay data set can be sub-

ject to interpretation as necessarily a minimal set. It is im-

portant to understand that it may be possible to

determine a potency or relative potency from a set of da-

ta but not to do this well. It is not the intent of this defi-

nition to mean that an assay data set is the minimal set of
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data that can be used to determine a relative potency. In

practice, an assay data set should include, at least, suffi-

cient data to assess similarity (q.v.). It also may include

sufficient data to assess other assumptions. 2. It is also

not an implication of this definition that assay data sets

used together in determining a reportable value (q.v.) are

necessarily independent from one another, although it

may be desirable that they be so. When a run (q.v.) con-

sists of multiple assay data sets, independence of assay

sets within the run must be evaluated.

Bioassay, biological assay (these terms are inter-

changeable)—analysis (as of a drug) to quantify the bio-

logical activity/activities of one or more components by

determining its capacity for producing an expected bio-

logical activity, expressed in terms of units.

Notes: 1. Typically a bioassay involves controlled ad-

ministration of the drug substance to living matter, in vi-

vo or in vitro, followed by observation and assessment of

the extent to which the expected biological activity has

been manifested. 2. The description of a bioassay in-

cludes the analytic procedure, which should include

the statistical design for collecting data and the method

of statistical analysis that eventually yields the estimated

potency or relative potency. 3. Bioassays can be either di-

rect or indirect.

Direct bioassays—measure the concentration of a

substance that is required to elicit a specific response.

For example, the potency of digitalis can be directly esti-

mated from the concentration required to stop a cat’s

heart. In a direct assay, the response must be distinct

and unambiguous. The substance must be administered

in such a manner that the exact amount (threshold con-

centration) needed to elicit a response can be readily

measured and recorded.

Indirect bioassays—compare the magnitude of re-

sponses for nominally equal concentrations of reference

and test preparations rather than test and reference con-

centrations that are required to achieve a specified re-

sponse. Most biological assays in USP are indirect

assays that are based on either quantitative or quantal

(yes/no) responses.

Potency—[21 CFR 600.3(s)] the specific ability or capa-

city of the product, as indicated by appropriate laborato-

ry tests or by adequately controlled clinical data obtained

through the administration of the product in the manner

intended, to effect a given result.

Notes: 1. A wholly impotent sample has no capacity to

produce the expected specific response, as a potent sam-

ple would. Equipotent samples produce equal responses

at equal dosages. Potency is typically measured relative

to a reference standard or preparation that has been as-

signed a single unique value (e.g., 100%) for the assay;

see relative potency. At times, additional qualifiers are

used to indicate the physical standard employed (e.g.,

‘‘international units’’). 2. Some biological products have

multiple uses and multiple assays. For such products

there may be different reference lots that do not have

consistently ordered responses across a collection of dif-

ferent relevant assays. 3. [21 CFR 600.10] Tests for poten-

cy shall consist of either in vitro or in vivo tests, or both,

which have been specifically designed for each product

so as to indicate its potency in a manner adequate to sat-

isfy the interpretation of potency given by the definition

in 21 CFR 600.3(s).

Relative potency—a measure obtained from the com-

parison of a Test to a Standard drug substance on the ba-

sis of capacity to produce the expected biological

activity.

Notes: 1. A frequently invoked perspective is that rela-

tive potency is the degree to which the test preparation is

diluted or concentrated relative to the standard. 2. Rela-

tive potency is unitless and is given definition, for any test

material, solely in relation to the reference material and

the assay.

Pharmacopeial Forum
1024 IN-PROCESS REVISION Vol. 36(4) [July–Aug. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



Reportable value—the potency or relative potency es-

timate of record that is intended to achieve such mea-

surement accuracy and precision as are required for use.

Notes: 1. The reportable value is the value that will be

compared to a product specification. The specification

may be in the USP monograph, or it may be set by the

company, e.g., for product release. 2. The term reporta-

ble value is inextricably linked to the ‘‘intended use’’ of an

analytical procedure. Tests are performed on samples in

order to yield results that can be used to evaluate some

parameter of the sample in some manner. One type of

test may be configured in two different ways because

the resulting data will be used for two different purposes

(e.g., lot release vs stability). The reportable value would

likely be different even if the mechanics of the test itself

were identical. Validation is required to support the pro-

perties of each type of reportable value. In practice there

may be one physical document that is the analytical pro-

cedure used for more than one application, but each ap-

plication must be detailed separately within that

document. Alternatively, there may be two separate doc-

uments for the two applications. 3. When the inherent

variability of a biological response, or that of the log po-

tency, precludes a single assay data set’s attaining a value

sufficiently accurate and precise to meet an assay specif-

ication, the assay may consist of multiple blocks or com-

plete replicates, as necessary. The number of blocks or

complete replicates needed depends on the assay’s in-

herent accuracy and precision and on the intended use

of the reported value. It is practical to improve the preci-

sion of a reported value by reporting the geometric mean

potency from multiple assays. The number of assays used

is determined by the relationship between the precision

required for the intended use and the inherent precision

of the assay system.

Run—that performance of the analytical procedure that

can be expected to have consistent precision and true-

ness; usually, the assay work that can be accomplished

by a laboratory team in a set time with a given unique

set of assay factors (e.g., standard preparations).

Notes: 1. There is no necessary relationship of run to as-

say data set (q.v.). The term run is laboratory specific and

relates to the physical capability of a team and its physical

environment. An example of a run is given by one ana-

lyst’s simultaneous assay of several samples in one day’s

bench work. During the course of a single run, it may be

possible to determine multiple reportable values. Con-

versely, a single assay or reportable value may include da-

ta from multiple runs. 2. From a statistical viewpoint, a

run is one realization of the factors associated with inter-

mediate precision (q.v.). It is good practice to associate

runs with factors that are significant sources of variation

in the assay. For example, if cell passage number is an im-

portant source of variation in the assay response ob-

tained, then each change in cell passage number

initiates a new run. If the variance associated with all fac-

tors that could be assigned to runs is negligible, then the

influence of runs can be ignored in the analysis and the

analysis can focus on combining independent analysis

data sets. 3. When a run contains multiple assays, caution

is required regarding the independence of the assay re-

sults. Factors that are typically associated with runs and

that cause lack of independence include cell prepara-

tions, groups of animals, analyst, day, a common prepa-

ration of reference material, and analysis with other data

from the same run. Even though a strict sense of inde-

pendence may be violated because some elements are

shared among the assay sets within a run, the degree

to which independence is compromised may have negli-

gible influence on the reportable values obtained. This

should be verified and monitored.
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Similar preparations (similarity)—the property that

the Test and Standard contain the same effective constit-

uent, or the same effective constituents in fixed propor-

tions, and all other constituents are without effect.

Notes: 1. Similarity is often summarized as the property

that the Test behaves as a dilution (or concentration) of

the Standard. 2. Similarity is fundamental to methods for

determination of relative potency. Bioassay similarity re-

quires that the reference and test samples should be suf-

ficiently similar for legitimate calculation of relative

potency. Given demonstration of similarity, a relative po-

tency can be calculated, reported, and interpreted. Rela-

tive potency is valuable in assessing consistency and also

intra- and intermanufacturer comparability in the pres-

ence of change. In the absence of similarity, a meaningful

relative potency cannot be reported or interpreted. 3.

The practical consequence of similarity is a comparable

form of dose and/or concentration–response behavior.

4. Failure to statistically demonstrate dissimilarity be-

tween a reference and a test sample does not amount

to demonstration of similarity. To assess similarity it is

not sufficient to fail to find evidence that a reference

and a test sample are not similar.

II. Terms Related to Performing a Bioassay

Configuration, assay (also known as assay for-

mat)—the arrangement of experimental units (q.v.) by

number, position, location, temporal treatment, etc. and

the corresponding test, control, or reference sample dilu-

tion that will be applied to each.

Notes: 1. The assay configuration must be specified in

the formalized assay protocol. 2. Assay configuration can

include nested dimensions like plate design, multiple

plates per day, single plates on multiple days, etc. The

configuration will depend on what the variance analysis

(performed during assay development) reveals regarding

sources of variability on assay response.

Out of specification—the property of a measurement

in which it falls outside its acceptable range.

Sample suitability—a sample is suitable (may be de-

scribed as having a potency) if its response curve satisfies

certain properties defined in the protocol.

Note: Most significant of these properties is that of sim-

ilarity to the standard response curve. If this property of

similarity is satisfied, then the sample is suitable for the

assay and can be described via a relative potency esti-

mate.

System suitability—the provision of assurance that

the laboratory control procedure is capable of providing

legitimate measurements as defined in the validation re-

port.

Notes: 1. System suitability may be thought of as an as-

sessment of current validity achieved at the time of assay

performance. An example is provided by positive and ne-

gative controls giving values within their normal ranges,

ensuring that the assay system is working properly. 2. As

described in USP general chapter Validation of Compen-

dial Methods h1225i and ICH Q2, system suitability test-

ing is an integral part of many analytical procedures. The

tests are based on the concept that the equipment, elec-

tronics, analytical operations, and samples to be ana-

lyzed constitute an integral system that can be

evaluated as such. System suitability test parameters to

be established for a particular procedure depend on

the type of procedure being validated. USP–NF is a source

of many system suitability tests.

III. Terms Related to Precision and Accuracy

Accuracy (1225)—an expression of the closeness of

agreement between the value that is accepted either as

a conventional true value or an accepted reference value

and the value found.
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Notes: 1. ICH and ISO give the same definition of accu-

racy. However, ISO specifically regards accuracy as hav-

ing two components, bias and precision (3). That is, to

be accurate as used by ISO, a measurement must be both

‘‘on target’’ (have low bias) and precise. In contrast, ICH

Q2 says that accuracy is sometimes termed ‘‘trueness’’

but does not define trueness. ISO defines trueness as

the ‘‘closeness of agreement between the average value

obtained from a large series of test results and an accept-

ed reference value’’ and indicates that ‘‘trueness is usually

expressed in terms of bias.’’ The 2001 FDA guidance on

Bioanalytical Method Validation defines accuracy in

terms of ‘‘closeness of mean test results’’ (emphasis add-

ed) and is thus consistent with the ICH usage. This glos-

sary adopts the USP/ICH approach. That is, it uses the

phrase ‘‘accurate and precise’’ to indicate low bias (accu-

rate) and low variability (precise). 2. Considerable cau-

tion is needed when using or reading the term

accuracy. In addition to the inconsistency between USP/

ICH and ISO, common usage is not consistent.

Error, types of—two sources of uncertainty that affect

the results of a biological assay are systematic and ran-

dom error.

A systematic error is one that happens with similar

magnitude and consistent direction repeatedly. This in-

troduces a bias in the determination. Effective experi-

mental design, including randomization and/or

blocking, can reduce systematic error.

A random error is one whose magnitude and direc-

tion vary without pattern. Random error is an inherent

variability or uncertainty of the determination. Transfor-

mation of systematic into random error will increase the

robustness of a biological assay and allow a comparative-

ly simple analysis of assay data.

Format (configuration) variability—predicted vari-

ability for a particular assay format.

Geometric standard deviation (%GSD)—the vari-

ability of the log-transformed values of a log normal re-

sponse expressed as a percent in the untransformed

scale.

Note: For example, if the standard deviation of log po-

tency is s using log base 2, the %GSD of potency is

100 * (2s – 1).

Intermediate precision (adopted from 1225)—ex-

presses within-laboratory precision associated with

changes in operating conditions.

Notes: 1. Factors contributing to intermediate preci-

sion involve anything that can change within a given la-

boratory and that may affect the assay, including

different days, different analysts, different equipment,

etc. Intermediate precision is thus ‘‘intermediate’’ in

scope between the extremes of repeatability and repro-

ducibility. 2. Any statement of intermediate precision

should include clarification about which factors varied.

For example, ‘‘The intermediate precision associated

with changing equipment and operators is ...’’ 3. There

can also be value in separately identifying the precision

associated with each source, e.g., interanalyst precision.

This may be part of assay development and validation

when there is value in identifying which are the impor-

tant contributors to intermediate precision. 4. When re-

porting intermediate precision, particularly for individual

sources, analysts should take care to distinguish between

intermediate precision variance and components of that

variance. The variance includes repeatability and thus

must be necessarily at least as large as the repeatability

variance. A variance component, e.g., for analyst, is also

a part of the intermediate precision variance for analyst,

but it could be negligible and need not be larger in mag-

nitude than the repeatability variance.
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Precision (1225)—the closeness of agreement (degree

of scatter) between a series of measurements obtained

from multiple sampling of the same homogeneous sam-

ple under the prescribed conditions.

Notes: 1. Precision may be considered at three levels:

repeatability (q.v.), intermediate precision (q.v.), and re-

producibility (q.v.). 2. Precision should be investigated

using homogeneous, authentic samples. However, if it

is not possible to obtain a homogeneous sample, preci-

sion may be investigated using artificially prepared sam-

ples or a sample solution. 3. Precision is usually expressed

as the variance, standard deviation, or coefficient of var-

iation.

Relative bias—degree of difference from the true value

expressed as a percent.

Repeatability (1225)—the expression of the precision

under the same operating conditions over a short inter-

val of time.

Notes: 1. ICH Q2A says that repeatability is also termed

‘‘intra-assay’’ precision. In the bioassay context, the bet-

ter term is ‘‘intra-run,’’ and a ‘‘short interval of time’’ is

meant to connote ‘‘within-run.’’ 2. The idea of a ‘‘short

interval of time’’ can be problematic with bioassay. If a

run takes multiple weeks and consists of a single assay

set, then intra-run precision cannot be determined. Alter-

natively, if a run consists of two assay data sets and a run

can be done in a single day, repeatability of the relative

potency determination can be assessed. 3. Operating

conditions include, but not limited to, equipment and

analyst.

Reproducibility (1225)—expresses the precision be-

tween laboratories.

Notes: 1. Reproducibility includes contributions from

repeatability and all factors contributing to intermediate

precision, as well as any additional contributions from in-

terlaboratory differences. 2. Reproducibility applies to

collaborative studies such as those for standardization

or portability of methodology. Depending on the design

of the collaborative study, it may be possible to separate-

ly describe variance components associated with intra-

and interlaboratory sources of variability.

Specificity (1225)—the ability to assess unequivocally

the analyte in the presence of components that may be

expected to be present.

Note: Typically these components may include impuri-

ties, degradants, matrix, etc.

IV. Terms Related to Validation

Detection limit (adopted from 1225)—the lowest

amount of analyte in a sample that can be detected

but not necessarily quantified or quantified to any given

level of precision and accuracy.

Linearity, dilutional (adopted from 1225)—the

ability (within a given range) of a bioassay to obtain

log relative potencies that are directly proportional to

the log relative potency of the sample.

Notes: 1. Dilutional linearity, sometimes called bioassay

linearity, is demonstrated across a range of known rela-

tive potency values by considering a plot of true log po-

tency vs observed log potency. If that plot yields an

essentially straight line with a y-intercept of 0 and a slope

of 1, the assay has direct proportionality. If that plot

yields an essentially straight line but either the y-intercept

is not 0 or the slope is not 1 (or both), the assay has a

proportional linear response. 2. To assess whether the

slope is (near) 1.0 requires an a priori equivalence or in-

difference interval. It is not proper statistical practice to

test the null hypothesis that the slope is 1.0 against the

alternative that it is not 1.0 and conclude a slope of 1.0 if

this is not rejected. Assay linearity is separate from con-
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sideration of the shape of the concentration–response

curve. Linearity of concentration–response is not a re-

quirement of assay linearity.

Quantitation limits (adopted from 1225)—the lim-

its of true relative potencies between which the assay has

suitable precision and accuracy.

Note: This applies to assay results (log potency) rather

than the reportable value.

Range (adopted from 1225)—the interval between

the upper and lower relative potencies for which the bi-

oassay is demonstrated to have a suitable level of preci-

sion, accuracy, and assay linearity.

Note: This applies to assay results (log potency) rather

than the reportable value.

Robustness (1225)—a measure of an analytical proce-

dure’s capacity to remain unaffected by small but deliber-

ate variations in method parameters.

Notes: 1. Robustness is an indication of a bioassay’s re-

liability during normal usage. For example, a cell culture

assay system that is robust to the passage number of the

cells would provide potency values with equivalent accu-

racy and precision across a consistent range of passage

numbers. 2. ICH Q2 states:

the evaluation of robustness should be considered

during the development phase and depends on

the type of procedure under study. It should show

the reliability of an analysis with respect to deliberate

variations in method parameters. If measurements

are susceptible to variations in analytical conditions,

the analytical conditions should be suitably con-

trolled, or a precautionary statement should be in-

cluded in the procedure. One consequence of the

evaluation of robustness should be that a series of

system suitability [q.v.] parameters is established to

ensure that the validity of the analytical procedure

is maintained whenever used.

Validation, assay—a formal, archived demonstration

of the analytical capacity of an assay that provides justi-

fication for use of the assay for an intended purpose and

a range of acceptable potency values.

Note: Formal validations are conducted prospectively

according to a written, approved plan.

V. Terms Related to Statistical Design and

Analysis

Analysis of variance (ANOVA)—a statistical tool used

to assess contributions of variability from experimental

factors.

Blocking—the grouping of related experimental units

in experimental designs.

Notes: 1. Blocking is often used to reduce the variability

of a measure of interest. 2. Blocks may consist of groups

of animals (a cage, a litter, or a shipment), individual 96-

well plates, sections of 96-well plates, or whole 96-well

plates grouped by analyst, day, or batch of cells. 3. The

goal is to isolate a systemic effect, such as cage, so that it

does not obscure the effects of interest.

A complete block design occurs when all levels of a

treatment factor (in a bioassay, the primary treatment

factors are sample and concentration) can be applied

to experimental units for that factor within a single block.

Note that the two treatment factors, sample and concen-

tration, may have different experimental units. For exam-

ple, if the animals within a cage are all assigned the same

concentration but are assigned unique samples, then the

experimental unit for concentration is cage and the ex-

perimental unit for sample is animal; cage is a blocking

factor for sample.
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An incomplete block design occurs when the num-

ber of levels of a treatment factor exceeds the number of

experimental units for that factor within the block.

Confidence interval—a statistical interval expressing

the likely value of a parameter.

Confounded design—two factors are confounded if

their levels vary together (they are not crossed).

Notes: 1. For example, in a bioassay validation experi-

ment in which one analyst performs assays on a set of

samples for three days using cells from one passage num-

ber, then another analyst performs assays on the same

set of samples for another three days using cells from a

different passage number, the passage number of the

cells and the analysts are confounded. [Also note that

days are nested (q.v.) within analyst and cell passage

number.] When factors are confounded one cannot tell

which of the factors has caused an observed experimen-

tal difference. 2. Fractional factorial designs (q.v.), in

which factors are only partially crossed, also are partially

confounded. A full factorial design also can be confound-

ed if the number of treatment combinations (sample and

concentration) is greater than the block size.

Crossed (and partially crossed)—two factors are

crossed (or fully crossed) if each level of each factor ap-

pears with each level of the other factor. Two factors are

partially crossed when they are not fully crossed but mul-

tiple levels of one factor appear with a common level of

the other factor.

Notes: 1. For example, in a bioassay in which all sam-

ples appear at all dilutions, samples and dilutions are (ful-

ly) crossed. In a bioassay validation experiment in which

two of four analysts each perform assays on the same set

of samples on each of six days and a different pair of ana-

lysts is used on each day the analysts are partially crossed

with days. 2. Each factor may be applied to different ex-

perimental units, and the factors may be both fully

crossed and nested (q.v.), creating a split-unit or split-

plot design (q.v.). 3. Experiments with factors that are

partially crossed require particular care for proper analy-

sis. 4. A randomized complete block design (RCBD) (q.v.)

is a design in which the block factor (which often is treat-

ed as a random effect) is crossed with the treatment fac-

tor (which is usually treated as a fixed effect).

Design of experiments (DOE)—a systematic ap-

proach for studying multiple factors.

Note: DOE is used in bioassay development and valida-

tion; see h1032i and h1033i.

Equivalence test—a test of conformance to interval-

based target acceptance criteria.

Notes: 1. An equivalence test differs from most com-

mon statistical tests in the nature of the statistical hy-

potheses. For most common tests, the statistical null

hypothesis is no difference and the alternative is that

there is some difference, without regard to the magni-

tude or importance of the difference. In equivalence test-

ing the alternative hypothesis is that the difference is

sufficiently small so there is no important difference. 2.

A common statistical procedure used for equivalence

tests is the two one-sided test (TOST) procedure.

Expected mean square—a mathematical expression

of variances estimated by an ANOVA mean square.

Experimental design—the structure of assigning

treatments to experimental units.

Notes: 1. Blocking (q.v.), randomization (q.v.), replica-

tion (q.v.), and specific choice of design (cf. general

chapter Design and Development of Biological Assays

h1032i) are some aspects of experimental design. 2. Im-

portant components of experimental design include the

number of samples, the number of concentrations, and

how samples and concentrations are assigned to experi-
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mental units and are grouped into blocks. 3. The exper-

imental design influences which statistical methodology

should be used to achieve the analytical objective.

Experimental unit—the smallest unit to which a dis-

tinct level of a treatment is randomly allocated.

Notes: 1. Randomization of treatment factors to exper-

imental units is essential in bioassays. 2. Different treat-

ment factors can be applied to different experimental

units. For example, samples may be assigned to rows

on a 96 well plate while dilutions are assigned to columns

on the plate. In this case, rows are the experimental units

for samples, columns are the experimental units for con-

centrations, and wells are the experimental units for the

interaction of sample and concentration. 3. An experi-

mental unit needs to be distinguished from a sampling

unit, the smallest unit on which a distinct measurement

is recorded (e.g., a well). Because the sampling unit is of-

ten smaller than the experimental unit, it is an easy mis-

take to treat sampling units as if they are experimental

units. This mistake is called pseudoreplication (q.v.).

Factor—an assay design element that may affect assay

response and that varies in an experiment.

Note: In a bioassay there will be at least two treatment

factors—sample and concentration.

Fixed factor (fixed effect) is a factor that is deliber-

ately set at specific levels in an experiment. Inference is

made only to the levels used in the experiment. In a bio-

assay, sample and concentration are both fixed factors.

Random factor (random effect) is one for which

its levels represent a sample of ways in which that factor

might vary. In a bioassay, the test organisms, plate, and

day often are considered random factors.

Factorial design—one in which there are multiple fac-

tors and the factors are partially or fully crossed.

In a full factorial design, each level of a factor ap-

pears with each combination of levels of all other factors.

For example, if factors are sample (test and reference),

concentration, and analyst, for a full factorial design each

analyst must analyze all combinations of sample and

concentration.

A fractional factorial design is one in which some

factors are deliberately partially confounded with interac-

tions associated with other combinations of factors.

General linear model—a statistical linear model that

relates study factors, which can be continuous or dis-

crete, to experimental responses.

Independence—for two measurements or observations

A and B (raw data, assay sets, or relative potencies) to be

independent, values for A must be unaffected by B’s re-

sponses and vice versa.

Note: A consequence of nonrecognition of lack of inde-

pendence is poor characterization of variance. In practice

this means that if two potency or relative potency mea-

surements share a common factor that might influence

assay outcome such as analyst, cell preparation, incuba-

tor, group of animals, or aliquot of Standard samples,

then the correct initial assumption is that these relative

potency measurements are not independent. As assay

experience is gained, an empirical basis may be estab-

lished so that it is reasonable to treat potency measures

as independent even if they share a common level of a

factor. The same concern for lack of independence holds

if the two potency or relative potency measurements are

estimated together from the same model or are in any

way associated without including in the model some

term that captures that there are two or more potency

measurements.

Interaction—two factors are said to interact if the effect

of one factor depends on the level of the other factor.
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Level—a location on the scale of measurement of a fac-

tor.

Notes: 1. Factors have two or more distinct levels. For

example, if a bioassay contains two samples, test and ref-

erence, then there are two levels for the factor sample. 2.

Levels of a factor in a bioassay may be quantitative, such

as concentration, or categorical, such as sample (i.e., test

and reference).

Log normal distribution—a skewed distribution char-

acterized by increased variability with increased level of

response.

Note: A normal distribution is generated by taking the

log of the response.

Mean square—a calculation in ANOVA representing

the variability associated with an experimental factor.

Mixed-effects model—a statistical model including

both fixed and random effects.

Modeling, statistical—the mathematical specification

of the concentration–response relationship and impor-

tant sources of variation in the bioassay.

Notes: 1. Modeling includes methods to capture the

dependence of the response on the samples, concentra-

tion, and groups or blocking factors in the assay config-

uration. 2. Modeling of bioassay data includes making

many choices, some of which are driven by data. For

continuous data there is a choice between linear and

nonlinear models. For discrete data there is a choice

among logit/log models within a larger family of gener-

alized linear models. In limiting dilution assays there is

published literature advocating Poisson models and Mar-

kov chain binomial models. One can use either fixed-ef-

fects models or mixed-effects models for bioassay data.

The fixed-effects models are more widely available in

software and are somewhat less demanding for statisti-

cians to set up. On the other hand, mixed models have

advantages over fixed ones. The former are more accom-

modating of missing data and, more importantly, can al-

low each block to have different slopes, asymptotes,

median effective concentrations required to induce a

50% effect (EC50), or relative potencies. Particularly when

the analyst is using straight-line models fit to nonlinear

responses or in assay systems in which the concentra-

tion–response curve varies from block to block, the

mixed model captures the behavior of the assay system

in a much more realistic and interpretable way. 3. It is es-

sential that any modeling approach for bioassay data use

all available data simultaneously to estimate the variation

(or, in a mixed model, each of several sources of varia-

tion). It may be necessary to transform the observations

before this modeling; to include a variance model; or to

fit a ‘‘means’’ model (in which there is a predicted effect

for each combination of sample and concentration) to

get pooled estimate(s) of variation.

Multiplicity—the property of compound risk with mul-

tiple independent events, all with fixed risk.

Nested—a factor A is nested within another factor B if

the levels of A are different for every level of B.

Notes: 1. For example, in a bioassay validation experi-

ment two analysts may perform assays on the same set of

samples on each of six days when no analyst performs

the assay on more than one day (this requires 12 analysts

who are qualified to perform the assay); these analysts

are nested within days. 2. Nested factors have a hierar-

chical relationship. 3. For two factors to be nested they

must satisfy the following: a) be applied to different-sized

experiment units; b) the larger experimental unit con-

tains more than one of the smaller experimental units;

and c) the factor applied to the smaller experimental unit

is not fully crossed with the factor applied to the larger

experimental unit. When conditions (a) and (b) are satis-

fied and the factors are partially crossed, then the exper-
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iment is partially crossed and partially nested. Experi-

ments with this structure require particular care for pro-

per analysis.

Parallelism (of concentration–response curves)—

the concentration–response curves of the test and stan-

dard are identical in shape and differ only in a constant

horizontal difference.

Notes: 1. When test and reference preparations are

similar (q.v.) and assay responses are plotted against

log concentrations, the resulting curve for the test prep-

aration will be the same as that for the standard but shift-

ed horizontally by an amount that is the logarithm of the

relative potency. Because of this relationship, similarity

(q.v.) is generally referred to as parallelism. Note that sim-

ilarity is the primary concept and that parallelism is not

necessary for similarity. See slope-ratio models in general

chapter Analysis of Biological Assays h1034i in which sam-

ples with similar concentration–response relationships

have a common (or nearly common) y-intercept but

may differ in their slopes. 2. In practice, it is not possible

to demonstrate that the shapes of two curves are exactly

the same. Instead, the two curves are shown to be suffi-

ciently similar (equivalent) in shape. Note that similar

should be interpreted as ‘‘we have evidence that the

two values are close enough’’ rather than ‘‘we don’t have

evidence that the two values are different.’’ 3. The assess-

ment of parallelism depends on the type of function used

to fit the response curve. Parallelism for a nonlinear assay

using a four-parameter logistic fit means that: a) the

slopes of the rapidly changing parts of the sample and

reference standard curves (that is, slope at tangent to

the curve, where the first derivative is at a maximum)

should be similar; and b) the upper and lower asymp-

totes of the response curves (plateaus) should be similar.

For straight-line analysis, the slopes of the lines should be

similar.

Point estimate—a single-value estimate obtained from

statistical calculations.

Note: Examples are the average, standard deviation,

and relative potency.

P-value (significance probability)—a statistical cal-

culation representing the probability associated with ob-

serving an experimental outcome that is different from

expectation.

Notes: 1. The P-value is the probability of observing

what was seen or something more extreme under the as-

sumption that the statistical null hypothesis is true.

‘‘More extreme’’ means further from the null hypothesis.

2. Commonly, P5 0.05 is taken as indicating statistical

significance, though any value may be used.

Randomization—a process of assignment of treatment

to experimental units based on chance so that all equal-

sized groups of units have an equal chance of receiving a

given treatment.

Notes: 1. The chance mechanism may be an unbiased

physical process (rolling unbiased dice, flipping coins,

drawing from a well-mixed urn), random-number tables,

or computer-generated randomized numbers. Care must

be taken in the choice and use of method. Good practice

is to use a validated computerized random-number gen-

erator. 2. The use of randomization results in systematic

error becoming random error not associated with partic-

ular samples or a dilution pattern but distributed

throughout the assay. In 96-well bioassays, plate effects

can be substantial and cause bias or trending, particularly

in assays involving long-term cell culturing or multiple

addition and wash steps. In animal studies, a variety of

factors associated with individual animals can influence

responses. If extraneous factors that influence either

plate assays or animal assays are not routinely demon-

strated to have been eliminated or minimized to be neg-

ligible, randomization is essential to obtain unbiased

Pharmacopeial Forum
Vol. 36(4) [July–Aug. 2010] IN-PROCESS REVISION 1033

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



data required for the calculation of true potency. Ran-

domization is central to the experimental design and

analysis of data obtained from most biological assays.

Replication—a process in which multiple independent

experimental units receive the same level of a treatment

factor.

Notes: 1. The purpose of replication is to minimize the

effects of uncontrollable sources of random variability. 2.

Replication can occur either completely at random or

across blocks. Generally, replication within blocks is pseu-

doreplication (see below).

True Replicates—samples based on independent ex-

perimental units.

Pseudoreplication—is the identification of samples

from experimental units as independent and thus true

replicates when they are actually not independent.

Notes: 1. Pseudoreplication results in wrong inferences

and the appearance of more replicates than are actually

present. 2. Pseudoreplication is dangerous because it is

an easy mistake to make, it is easy to overlook, and the

consequences can be serious. For example, pseudorepli-

cates commonly arise when analysts are making a dilu-

tion series for each sample in tubes (the dilution series

can be made with serial dilutions, by single-point dilu-

tions, or with any convenient dilution scheme). The ana-

lyst then transfers each dilution of each sample to several

wells on one or more assay plates. The wells are then

pseudoreplicates because they are simply aliquots of a

single dilution process. 3. In general, pseudoreplication

should be avoided because, unless it is properly ad-

dressed in the analysis, it leads to underestimation of rep-

licate variance. 4. The simple way to analyze data from

pseudoreplicates is to average over the pseudoreplicates

(if a transformation of the observed data is used, the

transformation should be applied before averaging over

pseudoreplicates) before fitting any sort of concentra-

tion–response model. In many assay systems averaging

over pseudoreplicates will leave the assay without any

replication. A more complex way to use data containing

pseudoreplicates is to use a mixed model that treats the

pseudoreplicates as a separate random effect. The only

case in which pseudoreplication is useful is when the

pseudoreplicate (i.e., well-to-well) variation is very large

compared to the variation associated with replicates and

the cost of pseudoreplicates is much lower than the cost

of replicates.

Standard error of estimate—the variability associat-

ed with an estimate of a reportable value or other param-

eter.

Note: The standard error is also known as the standard

uncertainty.

Statistical process control (SPC)—a set of statistical

tools used to monitor for shifts and trends in a process.

Type I error (a)—the error made in judging data anal-

ysis, wherein the alternative hypothesis is accepted when

it is false.

Type II error (b)—the error made in judging data anal-

ysis, wherein the alternative hypothesis is rejected when

it is true.

Variance component analysis—a statistical analysis

that divides total variability into its component parts.
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GLOSSARY REFERENCES

1. ICH. Q2(R1): Text on Validation of Analytical Proce-

dures: Text and Methodology. 2005. Available at:

www.ich.org/LOB/media/MEDIA417.pdf. Accessed

15 February 2010.

2. FDA. Guidance for Industry. Analytical Procedures

and Methods Validation: Chemistry, Manufacturing,

and Controls Documentation. 2000. Available at:

http://www.fda.gov/downloads/Drugs/Guidance-

ComplianceRegulatoryInformation/Guidances/

UCM070489.pdf. Accessed 15 February 2010.

3. ISO. International Standard 5725-1. Accuracy (True-

ness and Precision) of Measurement Methods and

Results—Part 1: General Principles and Definitions.

Geneva, Switzerland; 1994.&2S (USP34)
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REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

Methylene Blue, USP 33 Reissue page R-153. It is proposed
to correct the CAS number of this reagent.

(HDQ: M. Marques) RTS—C90394

Change to read:

Methylene Blue, C16H18ClN3S �3H2O—373.90 [61-73-4]

&[7220-79-3]&2S (USP34)

—Dark green crystals or a crystalline powder, having a bronze-
like luster. One g dissolves in about 25 mL of water and in
about 65 mL of alcohol. Soluble in chloroform. Use a suitable
grade with a dye content of NLT 85%.

BRIEFING

Silica Gel, USP 33 Reissue page R-166. It is proposed to
update the specification for this reagent.

(HDQ: M. Marques) RTS—C90210

Change to read:

Silica Gel—An amorphous, partly hydrated SiO2 occurring
in glassy granules of varying size. When used as a desiccant, it
frequently is coated with a substance that changes color when
the capacity to absorb water is exhausted. Such colored
products may be regenerated (i.e., may regain their capacity to
absorb water) by being heated at 1108 until the gel assumes
the original color. [Note—The following procedures and limits
are designed only for use in testing the desiccant grade of silica
gel.]

Loss on ignition—Ignite 2 g, accurately weighed, at
950+508 to constant weight: it loses not more than 6.0%
of its weight.

Water absorption—Place about 10 g in a tared weighing
bottle, and weigh. Then place the bottle, with cover removed,
for 24 hours in a closed container in which the atmosphere is
maintained at 80% relative humidity by being in equilibrium
with sulfuric acid having a specific gravity of 1.19. Weigh
again: the increase in weight is not less than 31.0% of the
weight of test specimen.

&For use as a desiccant, use ACS Silica Gel Desiccant

grade.&2S (USP34)

Chromatographic Columns

BRIEFING

L## (Methotrexate, Resolvosil BSA). It is proposed to
add this new column designation used to validate the test for
Enantiomeric Purity in the USP monograph for Methotrexate.

(HDQ: M. Marques) RTS—C70059

Add the following:

&L## (Methotrexate, Resolvosil BSA)—A chiral-

recognition protein, bovine serum albumine (BSA),

chemically bonded to silica particles, about 7 mm in

diameter, with a pore size of 300 Å.&2S (USP34)

#2010 The United States Pharmacopeial Convention All Rights Reserved.
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REFERENCE TABLES

BRIEFING

Container Specifications for Capsules and Tablets,
page 4186 of the Second Supplement to USP 32–NF 27 and page
784 of PF 36(3) [May–June 2010].

(HDQ) RTS—C51238; C65932; C72912; C74457;
C78859; C78961; C79332; C79336; C79337

The following table is provided as a reminder for the pharma-
cist engaged in the typical dispensing situation who already is
acquainted with the Packaging and Storage requirements set
forth in the individual monographs. It lists the capsules and tab-
lets that are official in the United States Pharmacopeia and indi-
cates the relevant tight (T), well-closed (W), and light-resistant
(LR) specifications applicable to containers in which the drug
that is repackaged should be dispensed.

This table is not intended to replace, nor should it be inter-
preted as replacing, the definitive requirements stated in the in-
dividual monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

&Abacavir Tablets W&1S (USP34)

Add the following:

~

Acetaminophen and Tramadol

Hydrochloride Tablets T~USP33

Add the following:

&Alfuzosin Hydrochloride Extended-

Release Tablets T, LR&2S (USP34)

Add the following:

&Alprazolam Tablets, Extended-

Release T, LR&1S (USP34)

Add the following:

~

Amlodipine Besylate Tablets T, LR~USP33

Add the following:

&Amoxicillin Capsules T&2S (USP34)

Add the following:

&Amoxicillin Tablets T&2S (USP34)

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

&Amoxicillin and Clavulanate

Potassium Tablets T&2S (USP34)

Add the following:

&Artemether and Lumefantrine

Tablets W, LR&1S (USP34)

Add the following:

~

Balsalazide Disodium Capsules T~USP34

Add the following:

~

Carbidopa and Levodopa Tablets,

Extended-Release W, LR~USP34

Add the following:

~

Cephalexin Tablets for Oral

Suspension T~USP34

Add the following:

&Cetirizine Hydrochloride Tablets W&1S (USP34)

Add the following:

~

Cetirizine Hydrochloride and

Pseudoephedrine Hydrochloride

Extended-Release Tablets W~USP34

Add the following:

~

Codeine Sulfate Tablets W&2S (USP34)

Add the following:

~

Crypthecodinium cohnii Oil Capsules T, LR~USP34

Add the following:

&Divalproex Sodium Capsules,

Delayed-Release T, LR&1S (USP34)

Add the following:

&Divalproex Sodium Tablets,

Extended-Release W&1S (USP34)

Add the following:

&Donepezil Hydrochloride Tablets W&1S (USP34)

Add the following:

&Donepezil Hydrochloride Orally

Disintegrating Tablets W&1S (USP34)
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

&Doxycycline Hyclate Tablets, De-

layed-Release T, LR&2S (USP34)

Add the following:

&Drospirenone and Ethinyl Estradiol

Tablets W&2S (USP34)

Add the following:

&Efavirenz Capsules W&1S (USP34)

Add the following:

&Entacapone Tablets LR&1S (USP34)

Add the following:

&Escitalopram Tablets W&2S (USP34)

Add the following:

&Hydrochlorothiazide Capsules W&1S (USP34)

Add the following:

~

Ketoprofen Capsules, Extended-

Release T~USP33

Add the following:

&Lamivudine and Zidovudine Tablets W, LR&1S (USP33)

Add the following:

~

Lamotrigine Tablets W~USP34

Add the following:

~Levetiracetam Tablets T~USP34

Add the following:

~

Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR~USP34

Add the following:

~

Loratadine Orally Disintegrating

Tablets T~USP34

Add the following:

~

Losartan Potassium and

Hydrochlorothiazide Tablets T, LR~USP33

Add the following:

&Mefloquine Hydrochloride Tablets T, LR&1S (USP34)

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

&Midodrine Hydrochloride Tablets W&1S (USP34)

Add the following:

~

Morphine Sulfate Tablets, Extended-

Release T, LR~USP34

Add the following:

&Mycophenolate Mofetil Capsules W, LR&2S (USP33)

Add the following:

&Mycophenolate Mofetil Tablets W, LR&2S (USP33)

Add the following:

&Nateglinide Tablets T&1S (USP33)

Change to read:

Nitrofurantoin Capsules T
~

~USP33

Add the following:

&Olanzapine Tablets T, LR&1S (USP33)

Add the following:

&Olanzapine and Fluoxetine Capsules T&1S (USP34)

Add the following:

~

Orlistat Capsules T~USP34

Add the following:

~

Oseltamivir Phosphate Capsules W~USP33

Add the following:

~

Oxcarbazepine Tablets W~USP34

Delete the following:

~

Paramethasone Acetate Tablets W~USP34

Delete the following:

&Pentobarbital Sodium Capsules T&1S (USP34)

Add the following:

~

Pioglitazone Tablets T~USP34

Add the following:

&Ramipril Capsules W&2S (USP33)

Add the following:

~

Ribavirin Capsules W~USP34

Add the following:

&Riluzole Tablets W, LR&2S (USP33)
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Rivastigmine Tartrate Capsules T~USP34

Add the following:

&Ropinirole Tablets W&1S (USP34)

Add the following:

~

Schizochytrium Oil Capsules T, LR~USP34

Add the following:

~

Sertraline Tablets W~USP34

Add the following:

&Sumatriptan Tablets W&2S (USP33)

Add the following:

~Tacrolimus Capsules T~USP34

Add the following:

&Telmisartan Tablets W&1S (USP33)

Add the following:

~

Telmisartan and Hydrochlorothia-

zide Tablets W~USP34

Add the following:

~

Terazosin Capsules W, LR~USP34

Add the following:

~

Terazosin Tablets W, LR~USP34

Add the following:

~

Terbinafine Tablets W, LR~USP34

Add the following:

&Ticlopidine Hydrochloride Tablets W&1S (USP33)

Add the following:

~

Topiramate Tablets T~USP33

Add the following:

~

Tramadol Hydrochloride Tablets T~USP33

Add the following:

&Tranylcypromine Tablets W&1S (USP34)

Add the following:

~

Valacyclovir Tablets T~USP34

Add the following:

~

Venlafaxine Tablets W~USP34

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Zaleplon Capsules LR&2S (USP34)

Add the following:

&Zinc Gluconate Tablets T, LR&1S (USP33)

Add the following:

&Zolpidem Tartrate Tablets W&2S (USP33)

Add the following:

&Zolpidem Tartrate Extended-Release

Tablets W&1S (USP33)

Add the following:

&Zonisamide Capsules T&1S (USP34)

BRIEFING

Description and Relative Solubility of USP and NF Ar-
ticles, USP 33 Reissue page R-215, page R-767 of the First Sup-
plement to USP 33 Reissue, page 266 of PF 29(1) [Jan.–Feb.
2003], page 1046 of PF 34(4) [July.–Aug. 2008], page 188 of
PF 35(1) [Jan.–Feb. 2009], page 1343 of PF 35(5) [Sept.–Oct.
2009], page 271 of PF 36(1) [Jan.–Feb. 2010], page 578 of PF
36(2) [Mar.–Apr. 2010], and page 786 of PF 36(3) [May–June
2010].

(HDQ) RTS—C73612; C73269; C78572; C89303;
C89490; C89509

Add the following:

&Diclofenac Potasium: White to off-white or slightly

yellowish crystalline powder, slightly hygroscopic. Freely

soluble in methanol; soluble in alcohol; sparingly soluble

in water; slightly soluble in acetone.&2S (USP34)

Add the following:

&Etomidate: White or almost white powder. Freely

soluble in alcohol and in methylene chloride; very slightly

soluble in water.&2S (USP34)
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Change to read:

Leflunomide: White to almost white powder. Freely solu-
ble in methanol, in alcohol, in 2-propanol, in ethyl acetate, in
acetone,

&and&2S (USP34)
in acetonitrile; and in chloroform

&

&2S (USP34)

practically insoluble in water.

Add the following:

&Trospium Chloride: Colorless or white to slightly

yellow crystalline powder. Very soluble in water; freely

soluble in methanol.&2S (USP34)

Change to read:

Valganciclovir Hydrochloride: White to off-white pow-
der. Very soluble in 2-propanol; freely soluble in alcohol; slightly
soluble in hexane; practically insoluble in acetone or in ethyl ac-
etate.

&Slightly soluble in alcohol; practically insoluble in

2-propanol, in hexane, in acetone, and in ethyl ace-

tate.&2S (USP34)

Add the following:

&Zaleplon: White to off-white powder. Sparingly sol-

uble in alcohol and in propylene glycol; practically insol-

uble in water.&2S (USP34)
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Pending Proposals
(Items from earlier numbers of PF that have not yet been adopted and become official)

In order for an item to be adopted into the USP–NF and become officially binding, it must first be proposed and pub-
lished in the Pharmacopeial Forum (PF) to allow the public an opportunity to review and comment upon it. When an item
is adopted, it is published in the USP–NF, its Supplements, an IRA, or a Revision Bulletin. Those items that have not yet been
adopted are marked as Pending Proposals.

The Pending Proposals list contains these items separated into the following categories: General Notices and Require-
ments; USP Monographs; Dietary Supplements Monographs; General Chapters; Reagents, Indicators, and Solutions;
Reference Tables; Excipients; and NF Monographs. Each entry in the Pending Proposals list contains the monograph title
and the citation of the most recent publication of the monograph. Reprints of PF proposals may be purchased from USP
by sending a written request for information to custsvc@usp.org.

To check the status of a Pending Proposal, please contact USP as directed below.

� The briefing accompanying the monograph or general chapter lists the names of the Scientific Liaisons responsible
for the proposed revisions. The contact information (phone number and email) for the Scientific Liaison is available in
the Staff Directory section of How to Use PF. For USP–NF Online subscribers, the name and contact information for the
assigned Scientific Liaison is available in the Auxiliary Information portion of each monograph.

� Call USP at 301-816-8344 and ask to speak with the Scientific Liaison assigned to the monograph or general chapter
of interest.

� Submit questions by email to stdsmonographs@usp.org. Please indicate the name of the monograph or general
chapter in the subject line of the email.

Following these lists the reader will find the Canceled Proposals list. These are items that were published in PF and were
pending, but have since been canceled. This list contains cumulative entries for the six issues per volume of PF [i.e., 36(1)
through 36(6)]. Note that canceled proposals may be republished in PF to be considered for future adoption into the
USP–NF.

PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

General Notices—Official Status and Legal Recognition,
Conformance to Standards, Monographs and
General Chapters, Monograph Components,
Test Results

36 1 56

USP Monographs
Abacavir Sulfate (new) 36 3 651
Abacavir Oral Solution (new) 36 3 652
Abacavir Tablets (new) 36 3 654
Acetaminophen and Tramadol Hydrochloride Tablets (new) 35 1 56
Acetic Acid, Glacial—Identification 36 3 645
Acetylcysteine—USP Reference standards, Assay 31 3 726
Acitretin—Assay, Heavy Metals 35 5 1102
Medical Air—Identification (add); Assay;

Inorganic Impurities—Carbon Dioxide, Carbon Monoxide,
Sulfur Dioxide, Limit of Nitric Acid and Nitrogen Dioxide;
Packaging and Storage; Labeling

35 4 828

Albumin Human—Definition, Packaging and storage,
Expiration date, Labeling, USP Reference standards (add),
Identification A, B (add), Bacterial endotoxins (add),
Safety (add), Sterility (add), pH (add), Molecular size
distribution (add), Heat stability (add), Incubation (add),
Prekallikrein activator (add), Protein content (add), Heme
content (add), Potassium content (add), Sodium content (add)

31 5 1338

Albuterol Tablets—Assay 31 3 726
Alendronate Sodium Tablets—Dissolution 35 1 59
Alprazolam Tablets—Assay 33 1 41
Alprazolam Extended-Release Tablets (new) 36 3 655
Alumina, Magnesia, and Calcium Carbonate Chewable Tablets

(new)
29 6 1836

Amifostine—Assay, Organic Impurities 36 1 62
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Amifostine for Injection—Assay, Organic Impurities—
Procedure (delete), Procedure 1 (add),
Procedure 2 (add)

36 1 63

Amiodarone Hydrochloride (new) 34 6 1429
Amlodipine Besylate Tablets (new) 36 2 376
Amoxicillin—Assay, Organic Impurities (add),

Sterility Tests, USP Reference Standards
36 1 66

Amphetamine Sulfate—Definition, Assay,
Organic Impurities

36 1 68

Ampicillin—Definition, USP Reference standards,
Related compounds (add), Assay

34 5 1140

Ampicillin Sodium—Dimethylaniline 35 1 65
Aprotinin (new) 31 3 732
Aprotinin Injection (new) 31 3 736
Artemether (new) 36 2 377
Artemether and Lumefantrine Tablets (new) 36 2 379
Articaine Hydrochloride (new) 35 3 544
Atenolol—Identification B 35 3 545
Atenolol Tablets—Dissolution 35 1 66
Atorvastatin Calcium (new) 35 1 66
Atropine Sulfate—Identification C (add); Organic

Impurities—Other Alkaloids (delete), Procedure (add);
Melting Range or Temperature (delete); Optical Rotation
(delete); Optical Rotation (add); Acidity (delete); Packaging
and Storage; USP Reference Standards

35 4 829

Azithromycin—Assay, Organic Impurities—
Procedure 1 (delete), Procedure 2 (delete),
Procedure (add), Labeling, USP Reference
Standards

36 1 70

Aztreonam—Definition, Assay, Organic Impurities (add),
Limit of Alcohol (add), USP Reference Standards

35 5 1103

Soluble Bacitracin Methylene Disalicylate—Title change,
Definition

35 5 1105

Bacitracin Methylene Disalicylate Soluble Powder—Title
change, Definition

35 5 1106

Balsalazide Disodium (new) 35 4 830
Balsalazide Disodium Capsules (new) 35 4 832
Bendroflumethiazide Tablets—Dissolution 35 5 1106
Benzethonium Chloride—Identification B, C (delete),

Identification B (add), USP Reference Standards (add)
35 4 833

Benzoin—Botanic characteristics, Identification 35 1 70
Hydrous Benzoyl Peroxide—Definition, Assay 36 2 382
Bicalutamide—Organic Impurities 35 5 1107
Biperiden Hydrochloride Tablets—Dissolution 35 5 1108
Bisoctrizole (new) 32 2 309
Budesonide—Related compounds 35 3 539
Bupropion Hydrochloride—Assay, Organic Impurities—

Procedure 1, Procedure 2
36 2 383

Bupropion Hydrochloride Extended-Release Tablets—Dissolution 35 5 1109
Buspirone Hydrochloride—Identification C (add), Assay,

Content of Chloride (delete)
36 1 74

Cabergoline—Residue on Ignition (add), Heavy Metals (add) 36 1 75
Camphor—Water 31 3 742
Capecitabine—Assay, Organic Impurities 35 4 834
Capecitabine Tablets—Assay, Dissolution, Organic

Impurities
35 5 1113

Capreomycin Sulfate—Identification B (add), Capreomycin 1 Content 35 6 1448
Capreomycin for Injection—Identification A (add), B (add),

Capreomycin 1 Content, Other Requirements
35 6 1449

Carbidopa—Specific rotation 35 1 73
Carbidopa and Levodopa Extended-Release Tablets (new) 34 6 1433
Carmustine (new) 35 3 546
Carmustine for Injection (new) 35 3 548
Cefadroxil for Oral Suspension—Dissolution 36 2 385
Cefazolin Sodium—Chemical information, Related compounds (add) 34 6 1438
Cefdinir Capsules—Dissolution, Organic Impurities 36 2 386
Cefdinir for Oral Suspension—Organic Impurities 35 5 1118
Cefepime Hydrochloride—Assay, Organic Impurities—Procedure 1,

Procedure 2, USP Reference Standards
36 1 76

Cefepime for Injection—Assay, Organic Impurities—Procedure 1,
Procedure 2, USP Reference Standards

36 1 79
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Cefotetan for Injection—Identification A (add), B (add),
Other Requirements

35 5 1122

Cefixime for Oral Suspension—Water (delete) 34 6 1441
Ceftiofur Hydrochloride (new) 34 4 908
Ceftiofur Sodium (new) 34 4 912
Cefuroxime Axetil for Oral Suspension—pH 35 5 1123
Cephalexin—Identification B, C (delete), B (add),

Assay, Organic Impurities—Procedure 1
36 1 41

Cephalexin Hydrochloride—Identification A, B (delete),
A (add), C, Assay

36 1 42

Cephalexin Capsules—Identification A (delete),
Identification (add), Assay, Water Determination (delete)

36 1 44

Cephalexin for Oral Suspension—Identification A (delete),
Identification (add), Assay, Water Determination (delete)

36 1 45

Cephalexin Tablets—Identification (delete),
Identification (add), Assay, Water Determination (delete)

36 1 46

Cephalexin Tablets for Oral Suspension—Identification A (delete),
Identification (add), Assay, Water Determination (delete)

36 1 47

Cetirizine Hydrochloride Tablets (new) 36 2 389
Cetirizine Hydrochloride and Pseudoephedrine Hydrochloride

Extended-Release Tablets (new)
36 1 82

Chlorhexidine Acetate—Identification A, B (delete),
C (delete), Assay, Organic Impurities

36 1 85

Chlorhexidine Acetate Topical Solution (new) 36 1 87
Chlorhexidine Gluconate Solution—Identification B (delete),

C (delete), D, Assay, Organic Impurities—Procedure 2
36 1 88

Chlorhexidine Gluconate Topical Solution (new) 36 1 90
Chlorhexidine Hydrochloride—Identification A (delete),

B (delete), C, D, Assay, Organic Impurities
36 1 91

Ciprofloxacin—Identification B 35 4 837
Ciprofloxacin Hydrochloride—Identification B 35 4 839
Ciprofloxacin Injection—Identification A 35 4 840
Ciprofloxacin Ophthalmic Solution—Identification A 35 4 842
Ciprofloxacin Tablets—Identification A, B (delete) 35 4 843
Citalopram Oral Solution (new) 36 3 657
Citalopram Tablets—Identification A, Uniformity

of Dosage Units, Organic Impurities
35 4 844

Anhydrous Citric Acid (Harmonization)—Sulfate 31 3 749
Citric Acid Monohydrate (Harmonization)—Sulfate 31 3 750
Cladribine—Specific rotation, Related compounds 33 1 49
Clarithromycin Tablets—Dissolution 35 5 1124
Clavulanate Potassium—Limit of aliphatic amines, Limit of

2-ethylhexanoic acid
34 6 1441

Clenbuterol Hydrochloride (new) 35 5 1125
Clindamycin Palmitate Hydrochloride—Chemical information, Assay 34 6 1442
Clobetasol Propionate—Residue on Ignition, Heavy Metals 35 5 1125
Clopidogrel Tablets—Related compounds 33 1 50
Clotrimazole—Identification B, Assay, Organic Impurities—Procedure 2 35 6 1449
Clotrimazole Cream—Thin-Layer Chromatographic Identification Test,

Assay
35 6 1451

Cyclophosphamide—Identification B, Assay, Organic
Impurities—Procedure 1 and Procedure 2 (add),
Limit of Chloride (add), Limit of Phosphate (add), Bacterial
Endotoxins Test (add), Sterility Tests (add), Labeling (add),
USP Reference Standards

35 5 1126

Dactinomycin for Injection—Definition, Identification B 35 6 1452
Dalteparin Sodium (new) 30 5 1598
Dapsone—Assay 31 3 750
Deferoxamine Mesylate—Definition, Identification (delete),

A (add), B (add), Assay, Organic Impurities (add),
Packaging and Storage

35 4 847

Desflurane—Definition, Identification, Assay, Limit of Nonvolatile
Residue, Limit of Fluoride, Organic Impurities, Acidity
or Alkalinity (add), Packaging and Storage, USP Reference
Standards

36 1 93

Diazepam Extended-Release Capsules—USP Reference standards,
Assay

32 2 330

Diclazuril (new) 35 1 73
Diclofenac Sodium Delayed-Release Tablets—Dissolution 35 5 1129
Diclofenac Sodium Extended-Release Tablets—Assay, Dissolution,

Organic Impurities
35 5 1130
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PF Volume, Issue, and Page Numbers of Pending Proposals
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Didanosine for Oral Solution—Assay 34 6 1443
Dihydroxyaluminum Sodium Carbonate Chewable

Tablets (new)
29 6 1873

Diltiazem Hydrochloride Tablets—Dissolution 35 6 1453
Dinoprostone—Organic Impurities 35 5 1132
Disulfiram—Assay, Inorganic Impurities—Selenium 35 4 848
Divalproex Sodium Delayed-Release Capsules (new) 36 2 390
Divalproex Sodium Extended-Release Tablets (new) 36 2 391
Docetaxel (new) 35 5 1133
Dofetilide (new) 35 5 1135
Dolasetron Mesylate—Impurities 35 2 272
Donepezil Hydrochloride (new) 36 1 97
Donepezil Hydrochloride Tablets (new) 36 3 658
Donepezil Hydrochloride Orally Disintegrating Tablets (new) 36 3 660
Dronabinol Capsules—Definition, Assay, USP Reference Standards 35 3 549
Drospirenone—Organic Impurities—Procedure 1,

Procedure 2, Optical Rotation, USP Reference Standards
36 2 394

Efavirenz (new) 36 3 661
Efavirenz Capsules (new) 36 3 664
Egg Phospholipids (new) 31 3 757
Endotoxin Indicator for Depyrogenation (new) 34 6 1444
Ensulizole—USP Reference Standards 35 4 849
Entacapone (new) 36 2 396
Entacapone Tablets (new) 36 3 667
Epirubicin Hydrochloride (new) 35 2 273
Escitalopram Oxalate (new) 36 3 668
Esomeprazole Magnesium—Identification B, Other Components—

Content of Magnesium, Optical Rotation (delete)
35 3 550

Esterified Estrogens—Identification, Free steroids, Assay 32 6 1678
Esterified Estrogens Tablets—USP Reference standards, Assay 32 6 1680
Estradiol Transdermal System—Drug Release 35 5 1136
Estradiol and Norethindrone Acetate Tablets—Assay,

Dissolution, Uniformity of Dosage Units, Organic Impurities
35 5 1139

Conjugated Estrogens—Assay 35 5 1142
Ethambutol Hydrochloride—Limit of Total Stereoisomers (add),

USP Reference Standards
36 1 98

Ethotoin Tablets—USP Reference standards, Assay 32 2 332
Famotidine Injection (new) 32 2 333
Fenofibrate—Definition, Assay 35 2 275
Fentanyl (new) 34 3 602
Fentanyl Transdermal System (new) 36 2 397
Flavoxate Hydrochloride—Organic Impurities, USP Reference

Standards
35 6 1454

Flecainide Acetate Oral Suspension (new) 36 2 401
Fludarabine Phosphate Injection—Organic Impurities—

Procedure 1 (delete), Procedure 2, Procedure 3
36 2 402

Fluconazole Injection (new) 35 3 552
Flurazepam Hydrochloride—Identification 31 3 766
Fluvestrant (new) 33 5 99
Fosfomycin Tromethamine (new) 36 2 404
Fosinopril Sodium—Organic Impurities—Procedure 1 35 5 1144
Gadodiamide Injection—Packaging and Storage 36 1 99
Galantamine Hydrobromide—Organic Impurities, Enantomeric

Purity (add), Optical Rotation (add), Labeling (add)
36 1 100

Galantamine Tablets—Organic Impurities 35 5 1145
Glucagon—Chemical information, Definition, Identification (delete),

A (add), B (add), Assay, Nitrogen Determination (delete),
Residue on Ignition (delete), Zinc Determination (delete),
Organic Impurities, Water Determination, Bacterial Endotoxins Test
(add), Packaging and Storage, USP Reference Standards

35 5 1148

Glucagon for Injection—Definition, Identification (add), Assay,
Organic Impurities (add), Water Determination (add), pH and
Clarity of Solution (delete), Bacterial Endotoxins Test, Sterility
Tests, Other Requirements (delete), Labeling (add),
USP Reference Standards

35 5 1152

Glutaral Concentrate—Specific gravity 31 3 766
Glyburide and Metformin Hydrochloride Tablets—Identification A,

Dissolution
35 6 1456

Goserelin Acetate (new) 32 3 792
Granisetron Hydrochloride Oral Suspension (new) 34 6 1454
Halazone—Readily carbonizable substances 34 5 1163
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PF Volume, Issue, and Page Numbers of Pending Proposals
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Helium—Identification A (delete), B (delete),
Identification (add), Assay, Inorganic Impurities—Carbon
Monoxide, Odor, Packaging and Storage, Labeling (add)

35 4 850

Halobetasol Propionate (new) 35 6 1458
Hydrochlorothiazide Capsules (new) 36 2 405
Hydromorphone Hydrochloride—Organic Impurities,

USP Reference Standards
35 5 1156

Hydromorphone Hydrochloride Oral Solution (new) 35 4 851
Hydroxypropyl Cellulose Ocular System—Assay 35 4 852
Indinavir Sulfate—Identification C (add), Assay,

Other Components—Procedure 1 (delete),
Procedure 2, Organic Impurities, Optical Rotation

36 2 406

Biphasic Isophane Insulin Human Suspension (new) 31 4 1033
Iodixanol Injection—Identification A (delete), B,

Heavy Metals (delete), Organic Impurities, Limit of Free Iodide,
Packaging and Storage, USP Reference Standards

36 1 103

Iohexol Injection—Identification A (delete), B (delete),
Identification (add), Heavy Metals (delete), Packaging
and Storage

36 1 106

Irbesartan and Hydrochlorothiazide Tablets—Identification A
(add), B, Assay, Dissolution, Organic Impurities
(add), USP Reference Standards

36 2 409

Ketoprofen Extended-Release Capsules (new) 34 4 951
Lamivudine and Zidovudine Tablets (new) 35 2 277
Lamotrigine Tablets (new) 36 1 110
Leflunomide—Organic Impurities—Procedure 1: Limit of

Leflunomide Related Compound A, Loss on Drying
35 5 1158

Leflunomide Tablets—Water Determination (delete) 35 5 1159
Letrozole—Assay, Organic Impurities 36 1 111
Letrozole Tablets—Assay, Dissolution, Uniformity of Dosage Units,

Organic Impurities
36 1 113

Leuprolide Acetate—Assay, Content of Acetic Acid 36 1 49
Levalbuterol Hydrochloride—Organic Impurities—Procedure 1,

USP Reference Standards
36 3 670

Levetiracetam Tablets (new) 36 1 115
Levocabastine Hydrochloride—Organic Impurities 36 1 116
Levofloxacin (new) 35 6 1459
Levonorgestrel and Ethinyl Estradiol Tablets—Identification A, Assay,

Dissolution, USP Reference Standards
36 1 117

Levothyroxine Sodium—Organic Impurities—Procedure 1,
Procedure 2 (add), Packaging and Storage, Labeling (add),
USP Reference Standards

35 3 555

Lithium Carbonate Tablets—Dissolution 35 6 1461
Lopinavir (new) 36 3 671
Loratadine Orally Disintegrating Tablets (new) 34 3 624
Loratadine and Pseudoephedrine Sulfate Extended-Release

Tablets (new)
32 6 1715

Losartan Potassium Tablets—Dissolution 36 2 411
Losartan Potassium and Hydrochlorothiazide Tablets (new) 34 6 1455
Lumefantrine (new) 36 2 413
Mannitol Injection—Labeling 32 2 263
Mefloquine Hydrochloride—Assay 35 5 1160
Mefloquine Hydrochloride Tablets (new) 36 3 674
Megestrol Acetate Oral Suspension—Dissolution 35 1 75
Meloxicam—Impurities, Procedure 1 35 2 278
Metformin Hydrochloride Extended-Release Tablets—Dissolution 35 1 76
Methylbenzethonium Chloride—Identification B (delete), C

(delete), D (delete), B (add); USP Reference Standards (add)
35 4 853

Methylcellulose (new)—Stage 6 Harmonization 35 3 683
Methylcellulose Ophthalmic Solution—Identification 31 3 780
Methylcellulose Oral Solution—Identification 31 3 780
Methylcellulose Tablets—Identification 31 3 780
Methylene Blue Injection, Veterinary (new) 34 6 1461
Methylphenidate Hydrochloride—Definition, Identification B,

Assay, Organic Impurities—Procedure 1, Procedure 2
36 1 119

Methylphenidate Hydrochloride Extended-Release Tablets—
Identification B (add), Dissolution, Organic Impurities (add),
USP Reference Standards

35 6 1461

Metolazone Tablets—Dissolution 35 6 1464
Metronidazole Benzoate—USP Reference standards,

Related compounds
31 3 781
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Midodrine Hydrochloride (new) 36 2 414
Midodrine Hydrochloride Tablets (new) 36 2 415
Milbemycin Oxime (new) 36 2 417
Minocycline Hydrochloride—Assay, Organic Impurities 36 2 418
Minocycline Periodontal System—Dissolution (add) 36 2 420
Misoprostol (new) 35 3 564
Mometasone Furoate Cream—Packaging and storage, Related

compounds (add), Assay
35 1 82

Mometasone Furoate Ointment—Packaging and storage, Related
compounds (add), Assay

35 1 84

Mometasone Furoate Topical Solution—Packaging and storage,
Related compounds (add), Assay

35 1 87

Montelukast Sodium (new) 36 1 121
Morantel Tartrate—pH 32 6 1735
Morphine Sulfate Extended-Release Capsules—Assay,

Dissolution, Organic Impurities, USP Reference Standards
36 2 422

Morphine Sulfate Extended-Release Tablets (new) 35 5 1164
Mycophenolate Mofetil—Identification, Melting range (delete),

Related compounds, Assay
35 1 89

Mycophenolate Mofetil Capsules (new) 35 4 854
Mycophenolate Mofetil for Injection (new) 35 6 1464
Mycophenolate Mofetil for Oral Suspension (new) 35 6 1466
Mycophenolate Mofetil Tablets (new) 35 4 856
Naratriptan Hydrochloride Oral Suspension (new) 35 1 90
Nevirapine Oral Suspension—Organic Impurities 35 4 857
Nateglinide (new) 34 6 1463
Nateglinide Tablets (new) 35 2 281
Nitrofurantoin Capsules—Packaging and storage 35 1 92
Diluted Nitroglycerin—Organic Impurities 36 1 123
Nitrous Oxide—Definition; Identification A, B (delete),

C (delete); Assay; Inorganic Impurities—Ammonia,
Nitric Oxide, Nitrogen Dioxide, Halogens, Carbon
Monoxide, Carbon Dioxide; Water; Packaging and Storage;
Labeling (add)

35 4 859

Norepinephrine Bitartrate—Residue on Ignition 35 5 1165
Norethynodrel (delete entire monograph) 35 1 92
Ofloxacin—Chromatographic purity (delete), Related

compounds (add)
30 4 1274

Ofloxacin Tablets—Uniformity of dosage units 34 6 1467
Olanzapine Tablets (new) 35 2 282
Olanzapine and Fluoxetine Capsules (new) 36 2 423
Olopatadine Hydrochloride (new) 35 3 567
Olopatadine Hydrochloride Ophthalmic Solution (new) 35 3 568
Ondansetron Hydrochloride—Limit of ondansetron

related compound D, Assay
32 1 126

Ondansetron Orally Disintegrating Tablets—Labeling (add),
Disintegration, Dissolution, Water (delete)

34 6 1467

Orlistat (new) 35 5 1166
Orlistat Capsules (new) 35 5 1169
Oseltamivir Phosphate (new) 36 1 124
Oseltamivir Phosphate Capsules (new) 34 6 1471
Oxaliplatin—Organic Impurities—Procedure 1, Content of Platinum 35 6 1467
Oxaliplatin Injection (new) 35 2 284
Oxaliplatin for Injection (new) 34 6 1473
Oxazepam Capsules—Assay, Dissolution, Organic Impurities (add) 35 5 1170
Oxcarbazepine (new) 34 5 1177
Oxcarbazepine Tablets (new) 34 6 1478
Oxybutynin Chloride Tablets—Dissolution 35 1 93
Oxycodone Hydrochloride—USP Reference standards, Limit of

oxycodone related compound A (14-hydroxycodeinone) and
oxycodone related compound C (codeinone) (add),
Chromatographic purity

34 6 1480

Oxygen—Identification—Procedure, B (delete); Assay;
Inorganic Impurities—Carbon Dioxide, Carbon Monoxide; Packaging
and Storage; Labeling

35 4 861

Oxygen 93 Percent—Identification A, B (delete); Assay; Inorganic
Impurities—Carbon Dioxide, Carbon Monoxide; Packaging
and Storage; Labeling

35 4 862

Pamidronate Disodium for Injection—Definition 33 1 81
Pancuronium Bromide Injection (new) 32 4 1097
Pantoprazole Oral Suspension (new) 35 4 863
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PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Paramethasone Acetate (delete entire monograph) 35 6 1471
Paramethasone Acetate Tablets (delete entire monograph) 35 6 1472
Paricalcitol—Identification, Assay 33 2 252
Pectin—Chemical information; Definition; Identification—A, B, C, D

(delete), Procedure (add); Assay—Methoxy
Groups (name change), Galacturonic Acid, Methoxy
Groups (add); Impurities—Lead, Procedure 1, Procedure 2 (add),
Procedure 3 (add); Microbial Enumeration Tests; Packaging and
Storage; Labeling; USP Reference Standards (add)

35 2 287

Penicillamine Capsules—Dissolution 31 2 436
Pentamidine Isethionate (new) 35 3 570
Pentobarbital—Identification B (delete), C, Assay,

Organic Impurities, Melting Range
or Temperature (delete)

35 4 864

Pentobarbital Oral Solution (delete entire monograph) 36 2 425
Pentobarbital Sodium—Labeling (add), USP Reference standards,

Other requirements (add)
31 1 73

Pentobarbital Sodium Capsules (delete entire monograph) 36 2 426
Petrolatum (new)—Stage 4 Harmonization 35 5 1363
White Petrolatum (new)—Stage 4 Harmonization 35 5 1364
Liquefied Phenol—Identification (add), Other requirements 35 1 93
Phenytoin Chewable Tablets (new) 29 6 1965
Physostigmine—Readily carbonizable substances 34 5 1179
Pilocarpine Hydrochloride—Definition, Assay, Organic Impurities—

Procedure 1, Melting Range or Temperature (delete), Packaging
and Storage

35 6 1473

Pioglitazone Hydrochloride (new) 36 1 126
Pioglitazone Tablets (new) 36 1 128
Potassium Iodide Delayed-Release Tablets—Identification (add),

Other requirements
34 6 1481

Potassium Iodide Oral Solution—Definition 31 3 786
Potassium Sodium Tartrate—Limit of ammonia 31 3 787
Pramipexole Dihydrochloride (new) 36 3 676
Praziquantel Tablets—Dissolution 35 2 291
Primidone—Identification B, C (delete), Assay, Organic Impurities,

Melting Range or Temperature (delete),
USP Reference Standards

35 3 571

Primidone Tablets—Assay, Organic Impurities (add),
USP Reference Standards

35 3 573

Promethazine Hydrochloride and Codeine Phosphate Oral
Solution (new)

35 2 292

Promethazine Hydrochloride and Dextromethorphan
Hydrobromide Oral Solution (new)

35 2 295

Promethazine and Phenylephrine Hydrochloride Oral Solution
(new)

35 2 298

Promethazine and Phenylephrine Hydrochloride and Codeine
Phosphate Oral Solution (new)

35 2 301

Propafenone Hydrochloride—Organic Impurities 36 1 129
Propoxyphene Hydrochloride—Definition, Assay, Organic

Impurities, Melting Range or Temperature (delete)
35 4 865

Propoxyphene Hydrochloride Capsules—Identification B (delete),
Identification C

35 3 574

Protamine Sulfate—Assay, Ultraviolet Absorbance, USP Reference
Standards

36 3 645

Protamine Sulfate Injection—Definition, Assay, USP Reference Stan-
dards

36 3 646

Protamine Sulfate for Injection—Definition, Assay, USP Reference
Standards

36 3 647

Psyllium Husk—Impurities—Heavy Metals (add), Procedure 3 (add) 35 2 304
Pyrantel Pamoate—USP Reference standards, Related compounds 34 6 1482
Quinidine Sulfate Oral Suspension—Assay 35 6 1475
Ractopamine Hydrochloride Suspension (new) 35 5 1171
Raloxifene Hydrochloride Tablets—Dissolution 36 2 427
Ramipril—Definition, Assay 31 3 787
Ramipril Capsules (new) 35 4 867
Repaglinide—Loss on Drying 36 2 428
Repaglinide Tablets—Loss on Drying (delete) 35 2 306
Ribavirin Capsules (new) 35 3 576
Riluzole (new) 35 5 1173
Riluzole Tablets (new) 35 5 1174
Risperidone Oral Solution (new) 35 4 870
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Ritonavir—Identification 35 1 95
Rivastigmine Tartrate (new) 35 6 1476
Rivastigmine Tartrate Capsules (new) 36 1 131
Rizatriptan Benzoate (new) 36 1 132
Ropinirole Hydrochloride (new) 36 1 133
Ropinirole Tablets (new) 36 3 678
Ropivacaine Hydrochloride—Organic Impurities—Procedure 3,

Optical Rotation (delete)
36 1 135

Salmeterol Xinafoate (new) 35 2 307
Salsalate Tablets—Assay 33 6 1211
Scaffold Human Dermis (new) 36 3 680
Secobarbital Oral Solution (delete entire monograph) 36 2 430
Sennosides—Content of Sennosides A and B (add), USP Reference

Standards (add)
35 2 308

Sertraline Hydrochloride (new) 34 5 1189
Sertraline Tablets (new) 36 1 138
Sevoflurane—Limit of Peroxide (delete), Organic Impurities—

Procedure 2
36 1 139

Sibutramine Hydrochloride (new) 34 4 986
Simethicone Emulsion—Identification, Assay 35 6 1477
Sodium Acetate—Identification B, Aluminum 36 2 430
Sodium Chloride—Identification, Loss on drying,

Limit of potassium (postponed indefinitely)
32 2 264

Bacteriostatic Sodium Chloride Injection—Identification,
Other Requirements

36 2 431

Sodium Fluoride Gel (new) 35 5 1175
Spironolactone—Melting Range or Temperature (delete) 36 1 141
Sucralfate—Identification 33 2 254
Sulfadiazine Tablets—Dissolution 35 3 577
Sulfamethazine Granulated—Assay 31 3 797
Sulfasalazine—Identification B 35 6 1478
Sulfasalazine Tablets—Identification 35 6 1479
Sulfinpyrazone—Identification A, B (add), Melting Range or

Temperature (delete), Solubility in acetone (delete),
Solubility in 0.50 N sodium hydroxide (delete)

35 3 577

Sumatriptan Tablets (new) 35 4 871
Tacrolimus (new) 35 2 310
Tacrolimus Capsules (new) 35 2 312
Tamsulosin Hydrochloride (new) 35 3 578
Telmisartan (new) 35 3 580
Telmisartan Tablets (new) 35 3 581
Telmisartan and Hydrochlorothiazide Tablets (new) 36 3 683
Terazosin Capsules (new) 36 3 685
Terazosin Tablets (new) 36 3 687
Terbinafine Hydrochloride—Definition, Assay, Organic Impurities 35 6 1480
Terbinafine Oral Suspension (new) 35 1 96
Terbinafine Tablets (new) 36 1 142
Terbutaline Oral Suspension (new) 35 1 97
Terbutaline Sulfate Inhalation Aerosol—USP Reference

standards, Assay
31 2 450

Theophylline Oral Suspension (new) 36 2 432
Thiabendazole Chewable Tablets (new) 29 6 1991
Thioridazine Hydrochloride—Identification 31 3 798
Tiagabine Hydrochloride Oral Suspension (new) 35 1 98
Ticlopidine Hydrochloride (new) 35 3 582
Ticlopidine Hydrochloride Tablets (new) 35 3 584
Tilmicosin—Definition, Related compounds, Assay 31 3 798
Tioconazole—Assay 35 4 875
Tizanidine Tablets—Dissolution 35 3 585
Topiramate—Limit of Sulfamate and Sulfate (delete),

Limit of Sulfamate and Sulfate (add)
36 2 433

Topiramate Tablets (new) 34 5 1197
Tramadol Hydrochloride Tablets (new) 31 2 462
Tranexamic Acid (new) 34 6 1484
Tranylcypromine Sulfate (new) 35 2 314
Tranylcypromine Tablets (new) 35 3 587
Trenbolone Acetate—Definition, USP Reference standards,

Identification, Chromatographic purity (delete),
Limit of trenbolone acetate 17a-isomer (delete),
Related compounds (add), Assay

35 1 100

Tretinoin Gel—Identification, Assay 34 6 1485
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Triamcinolone Acetonide—USP Reference standards, Assay 31 3 800
Tryptophan—Chromatographic purity (add),

Limit of tryptophan related compound A (add)
33 6 1214

Ursodiol Capsules—Dissolution 31 3 800
Ursodiol Tablets—Identification, Assay 35 4 876
Valacyclovir Hydrochloride (new) 35 3 589
Valacyclovir Tablets (new) 36 3 689
Valproic Acid Capsules—Disintegration (delete) 35 3 591
Valrubicin—Definition, USP Reference standards, Identification, Loss

on drying (delete), Water (add), Limit of residual solvents (delete),
Related compounds, Assay

35 1 103

Valrubicin Intravesical Solution—USP Reference standards,
Related compounds

34 6 1486

Valsartan and Hydrochlorothiazide Tablets—Organic Impurities 35 5 1176
Vancomycin Hydrochloride—Identification, Inorganic

Impurities—Heavy Metals (add), Organic Impurities—
Procedure: Limit of Monodechlorovancomycin, Sterility
Tests (add), Bacterial Endotoxins Test (add), Composition
of Vancomycin

35 4 879

Vancomycin Hydrochloride Capsules—Identification 34 6 1487
Sterile Vancomycin Hydrochloride—(delete entire monograph) 34 1 112
Vancomycin Hydrochloride for Injection—Inorganic Impurities—

Heavy Metals (delete), Composition of Vancomycin
35 4 881

Venlafaxine Hydrochloride (new) 35 6 1483
Venlafaxine Tablets (new) 35 6 1482
Vincristine Sulfate Injection—Identification 35 1 106
Vincristine Sulfate for Injection—Identification 35 1 106
Pure Steam (new) 31 2 467
Water for Hemodialysis—Specific Tests (add Note), Oxidizable

Substances (delete), Microbial Enumeration Tests and Tests for
Specified Microorganisms, Bacterial Endotoxins Test

35 6 1485

Water for Injection—Definition, Bacterial Endotoxins Test,
Water Conductivity, Sterility Tests (delete), Packaging
and Storage (add), Labeling (add)

36 1 144

Purified Water—Definition, Packaging and Storage (add), Labeling
(add)

35 2 317

Sterile Water for Inhalation—Definition, Water Conductivity 35 5 1178
Sterile Water for Injection—Water Conductivity 35 5 1178
Sterile Water for Irrigation—Water Conductivity 35 5 1179
Sterile Purified Water—Water Conductivity 35 5 1180
Zidovudine Oral Solution—Identification A (delete), B (delete),

Identification (add), Organic Impurities, Labeling (add),
USP Reference Standards

35 5 1180

Ziprasidone Hydrochloride (new) 35 3 592
Zolpidem Tartrate (new) 34 6 1487
Zolpidem Tartrate Extended-Release Tablets (new) 35 3 595
Zolpidem Tartrate Tablets (new) 35 4 883
Zonisamide (new) 34 6 1489
Zonisamide Capsules (new) 36 2 436

Dietary Supplements Monographs
Acesulfame Potassium—Packaging and storage (add),

Limit of fluoride
31 3 811

N-Acetyltyrosine (new) 35 1 107
Ademetionine Disulfate Tosylate—Title change, Definition,

Identification B, Composition, Content of Sulfate,
Isomeric Ratio, USP Reference Standards

36 2 438

Alpha Lipoic Acid Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 145

Alpha Lipoic Acid Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 146

Andrographis (new) 35 5 1183
Powdered Andrographis (new) 35 5 1184
Powdered Andrographis Extract (new) 35 5 1186
Arginine Capsules—Disintegration and Dissolution

of Dietary Supplements
36 1 147

Arginine Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 147

Ashwagandha (new) 35 4 885
Powdered Ashwagandha (new) 35 4 886
Powdered Ashwagandha Extract (new) 35 4 888
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Bacopa (new) 36 3 691
Powdered Bacopa (new) 36 3 692
Powdered Bacopa Extract (new) 36 3 694
Boswellia Serrata (new) 35 4 890
Boswellia Serrata Extract (new) 35 4 891
Calcium with Vitamin D Tablets—Disintegration and Dissolution

of Dietary Supplements
35 6 1486

Calcium and Vitamin D with Minerals Tablets—
Assay for calcium; Assay for copper;
Assay for magnesium; Assay for manganese;
Assay for zinc; Assay for calcium, copper, magnesium,
manganese, and zinc, Method 2 (add)

34 6 1491

Cat’s Claw Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 148

Cat’s Claw Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 149

Black Cohosh Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 150

Crypthecodinium cohnii Oil (new) 35 4 892
Crypthecodinium cohnii Oil Capsules (new) 35 5 1187
Fish Oil Containing Omega-3 Acids Capsules—Disintegration

and Dissolution of Dietary Supplements
36 1 152

Forskohlii (new) 36 3 695
Powdered Forskohlii (new) 36 3 697
Powdered Forskohlii Extract (new) 36 3 698
Garcinia cambogia (new) 36 3 699
Powdered Garcinia cambogia (new) 36 3 701
Powdered Garcinia Hydroxycitrate Extract (new) 36 3 702
Garcinia indica (new) 36 3 703
Powdered Garcinia indica (new) 36 3 704
Ginger Capsules—Disintegration and Dissolution

of Dietary Supplements
36 1 155

American Ginseng Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 157

American Ginseng Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 159

Asian Ginseng Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 160

Grape Seeds Oligomeric Proanthocyanidins (new) 34 3 659
Maleic Acid—Identification 31 3 815
Maltose—Water 31 3 815
Minerals Capsules—Definition, Assay for calcium;

Assay for chromium; Assay for iron;
Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1493

Minerals Tablets—Definition, Assay for calcium; Assay for chromium;
Assay for copper; Assay for iron; Assay for magnesium;
Assay for manganese; Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1495

Olive Oil—Definition, Labeling (add), Teaseed oil 31 3 815
Omega-3 Acid Ethyl Esters (new) 35 5 1190
Phenoxyethanol—Chromatographic purity, Assay 31 3 816
Polyethylene Glycol (new)—Harmonization 31 3 897
Polyoxyl 10 Oleyl Ether—Free ethylene oxide 31 3 816
Polyoxyl 20 Oleyl Cetostearyl Ether—Free ethylene oxide 31 3 817
Pygeum Capsules—Disintegration and Dissolution

of Dietary Supplements, Rupture Test
36 1 162

Saw Palmetto Capsules—Disintegration and Dissolution
of Dietary Supplements, Rupture Test (delete)

36 1 163

Schizochytrium Oil (new) 35 4 894
Schizochytrium Oil Capsules (new) 35 5 1192
Sodium Benzoate—USP Reference standards (add),

Identification
31 3 818
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Soy Isoflavones Capsules—Disintegration and Dissolution
of Dietary Supplements

36 1 165

Soy Isoflavones Tablets—Disintegration and Dissolution
of Dietary Supplements

36 1 167

Sucrose (new)—Harmonization 31 3 902
Sugar Spheres—Identification, Specific rotation 31 3 819
Tagatose (new) 31 3 819
Thymol—USP Reference standards (add), Identification 31 3 821
Tumeric (new) 33 6 1229
Powdered Tumeric (new) 33 6 1232
Powdered Tumeric Extract (new) 33 6 1232
Ubidecarenone—USP Reference standards, Assay 31 1 86
Valerian Capsules (new) 27 1 1825
Valerian Tablets—Disintegration and Dissolution

of Dietary Supplements
36 1 169

Vinpocetine (new) 35 5 1195
Vitamin A Oral Liquid Preparation (new) 35 3 596
Oil-Soluble Vitamins Capsules—Disintegration

and Dissolution of Dietary Supplements
36 1 169

Oil-Soluble Vitamins Tablets—Disintegration
and Dissolution of Dietary Supplements

36 1 176

Oil- and Water-Soluble Vitamins with Minerals Capsules—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1499

Oil- and Water-Soluble Vitamins with Minerals Tablets—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1500

Water-Soluble Vitamins with Minerals Capsules—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1505

Water-Soluble Vitamins with Minerals Tablets—Definition,
Assay for calcium; Assay for chromium; Assay for copper;
Assay for iron; Assay for magnesium; Assay for manganese;
Assay for phosphorus; Assay for zinc;
Assay for boron, nickel, tin, and vanadium, Method I;
calcium, chromium, copper, iron, magnesium,
manganese, phosphorus, and zinc, Method 2;
molybdenum and selenium, Method 3 (add)

34 6 1507

Xanthan Gum—Assay 31 3 821
Zinc Gluconate Tablets (new) 35 3 597

USP General Test Chapters
h1i Injections—Packaging—Volume in Container, Labeling

on Ferrules and Cap Overseals; Foreign and
Particulate Matter

36 1 194

h3i Topical and Transdermal Drug Products—Product Quality
Tests (new)

35 3 602

h11i USP Reference Standards 31 6 1680
32 4 1161
33 1 95
33 5 981
34 3 680
34 4 1021
34 5 1230
34 6 1531
35 1 144
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35 2 330
35 3 612
35 4 913
35 5 1217

h11i USP Reference Standards (entire chapter revised) 35 6 1507
h11i USP Reference Standards—Stage 6 Harmonization 35 4 1022
h41i Weights and Balances—Introduction, Repeatability,

Verification of Accuracy, Calibration Check
36 2 454

h63i Mycoplasma Tests (new) 35 1 146
h90i Fetal Bovine Serum—Quality Attributes and

Functionality Tests (new)
35 5 1219

h92i Growth Factors and Cytokines Used in Cell Therapy
Manufacturing (new)

35 4 915

h121i Insulin Assays—Appendix (add) 30 5 1675
h197i Spectrophotometric Identification Tests—

Infrared Absorption
36 2 457

h223i Dimethylaniline—Chromatographic System, Procedure 35 1 156
h228i Ethylene Oxide and Dioxane (new) 35 4 917
h231i Heavy Metals—Method II 32 1 182
h232i Elemental Impurities—Limits (new) 36 1 197
h233i Elemental Impurities—Procedures (new) 36 1 201
h331i Amphetamine Assay (entire chapter deleted) 35 4 920
h345i Assay for Citric Acid/Citrate and Phosphate (new) 31 2 514
h381i Elastomeric Closures for Injections—Introduction 35 5 1225
h413i Impurities Testing in Medical Gases (new) 35 4 920
h415i Medical Gases Assay (new) 35 4 921
h467i Residual Solvents—Identification, Control, and Quantification

of Residual Solvents
35 2 334

h521i Sulfonamides (entire chapter deleted) 35 6 1515
h525i Sulfur Dioxide—Method IV (add), Method V (add) 35 2 341
h561i Articles of Botanical Origin—Sampling, Test for Aflatoxins,

General Method for Pesticide Residues Analysis,
Test for Pesticides

36 1 207

h563i Identification of Articles of Botanical Origin—
Botanical Identification

36 3 707

h621i Chromatography (entire chapter revised) 35 6 1516
h645i Water Conductivity—Introduction, Instrument Specifications

and Operating Parameters, Bulk Water, Packaged Water
35 5 1226

h659i Packaging and Storage Requirements (new) 36 2 457
h670i Containers—Auxiliary Packaging Components (new) 34 6 1533
h727i Capillary Electrophoresis (entire chapter deleted) 36 1 218
h729i Globule Size Distribution in Lipid Injectable Emulsions—

Introduction, Method II—Measurement of Large Globule
Content by Light Obscuration or Extinction Method

36 1 223

h741i Melting Range or Temperature—Introduction;
Procedure for Class I, Apparatus II; Procedure for Class Ia,
Apparatus II (add); Procedure for Class Ib, Apparatus II (add)

35 4 925

h761i Nuclear Magnetic Resonance
(entire chapter revised)

36 2 462

h788i Particulate Matter in Injections—Introduction 35 3 628
h795i Pharmaceutical Compounding—Nonsterile Preparations

(entire chapter revised)
35 4 926

h797i Pharmaceutical Compounding—Sterile Preparations—
Definitions, Immediate-Use CSPs, Hazardous Drugs as CSPs,
Radiopharmaceuticals as CSPs, Environmental Quality and Control

36 3 714

h891i Thermal Analysis—Stage 4 Harmonization 36 1 289
h911i Viscosity (entire chapter revised) 34 6 1536
h912i Non-Newtonian Rheology (new) 34 6 1541
h921i Water Determination—Method I (Titrimetric) 36 2 480

General Information Chapters
h1010i Analytical Data—Interpretation and Treatment—

Appendix C, Appendix F
36 2 483

h1024i Bovine Serum (new) 35 3 628
h1033i Biological Assay Validation (new) 35 2 349
h1050i Viral Safety Evaluation of Biotechnology Products Derived
from

Cell Lines of Human or Animal Origin (entire chapter revised)

36 3 726

h1053i Biotechnology-Derived Articles—Capillary Electrophoresis
(chapter renamed)

36 1 225

h1059i Excipient Performance (new) 35 5 1228
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h1066i Physical Environments that Promote Safe Medication
Use (new)

34 6 1549

h1070i Emergency Medical Services Vehicles and Ambulances—
Storage of Preparations (entire chapter deleted)

36 1 225

h1072i Disinfectants and Antiseptics—Classification of Disinfectants,
Selection of a Disinfectant for Use in a Pharmaceutical Manufacturing
Environment, Theoretical Discussion of Disinfectant Activity,
Mechanism of Disinfectant Activity, Microbial Resistance to
Disinfectants, Disinfectant Challenge Testing, Disinfectants
in a Cleaning and Sanitization Program

35 5 1250

h1075i Good Compounding Practices (delete entire chapter) 35 4 942
h1079i Good Storage and Shipping Practices (chapter renamed;

entire chapter revised)
36 1 226

h1082i Genotoxicity Testing (new) 30 1 264
h1084i Glycoprotein and Glycan Analysis—General Considerations

(new)
36 2 486

h1086i Impurities in Official Articles—Introduction, Initial IND Filing
(delete), Drug Substance (add), NDA Filing (delete),
Drug Product (add), Post-NDA Approval (delete),
ANDA Filing (delete), Definitions

35 5 1254

h1097i Bulk Powder Sampling Procedures (new) 36 3 760
h1101i Medicine Dropper (delete entire chapter) 36 2 502
h1102i Immunological Test Methods—General Considerations (new) 36 2 502
h1103i Immunological Test Methods: Enzyme-Linked

Immunosorbent Assay (ELISA) (new)
36 2 516

h1113i Microbial Identification (new) 35 1 167
h1117i Microbiological Best Laboratory Practices—

Introduction, Media Preparation and Quality Control,
Maintenance of Microbiological Cultures, Maintenance of
Laboratory Equipment, Laboratory Layout and Operations,
Sample Handling (add), Microbiological Media
Incubation Times (add), Training of Personnel, Laboratory
Resources (add), Documentation, Maintenance of
Laboratory Records, Interpretation of Assay Results

35 4 945

h1119i Near-Infrared Spectroscopy—Instrumentation 36 2 532
h1121i Nomenclature—Monograph Naming Policy for Salt Drug

Substances in Drug Products and Compounded Preparations
35 6 1529

h1151i Pharmaceutical Dosage Forms (entire chapter revised) 35 5 1260
h1160i Pharmaceutical Calculations in Prescription

Compounding—Basic Pharmaceutical Calculations
31 3 847

h1163i Quality Assurance in Pharmaceutical Compounding
(entire chapter revised)

36 1 247

h1180i Human Plasma (new) 35 2 388
h1211i Sterilization and Sterility Assurance of Compendial Articles—

Introduction; Methods of Sterilization; Sterility Testing of Lots;
Performance, Observation, and Interpretation (delete)

35 4 952

h1221i Teaspoon (delete entire chapter) 36 2 534
h1225i Validation of Compendial Procedures—Validation 35 2 444
h1230i Water for Health Applications—Water for Hemodialysis,

Microbial Considerations
35 6 1531

h1231i Water for Pharmaceutical Purposes—Introduction,
Types of Water, Chemical Considerations

35 5 1310

h1232i Instrumentation for Analysis of High Purity Pharmaceutical
Waters (new)

30 5 1806

h1601i Products for Nebulization—Characterization Tests (new) 36 2 534
h1761i Applications of Nuclear Magnetic Resonance Spectroscopy

(new)
36 2 539

h1788i Methods for the Determination of Particulate Matter in
Parenteral Injections and Ophthalmic Solutions (new)

35 6 1533

Dietary Supplements Chapters
h2030i Supplemental Information for Articles of Botanical Origin—

Protocol Contents, Supplemental Information and General Guidance
Protocols

35 6 1551

h2040i Disintegration and Dissolution of Dietary Supplements—
Disintegration, Dissolution

36 2 567

h2232i Elemental Contaminants in Dietary Supplements (new) 36 1 258
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h2750i Manufacturing Practices for Dietary Supplements—
Introduction (delete); General Provisions (add); Organization and
Personnel; Grounds, Buildings, and Facilities; Equipment;
Raw Materials, Product Containers, and Closures; Production and
Process Controls; Labeling and Packaging; Quality Control Opera
tions; Records and Reports; Returned and Salvaged Products; Glossary

35 5 1319

Reagents, Indicators, and Solutions
Reagents, Indicators, and Solutions—Introduction 35 1 176
Alcohol 35 1 177
Ammonium Bicarbonate (new) 35 6 1567
Ammonium Molybdate 35 1 177
Bis(4-sulfobutyl) Ether Disodium (new) 36 2 574
1,4-Butane Sultone (new) 36 2 574
Butyl Alcohol, Secondary 36 3 781
t-Butylthiol (new) 35 3 648
Calcium Acetate 35 4 990
Canola Oil (new) 36 3 781
2-Chloroethanol (new) 35 6 1567
Chromotropic Acid 35 1 177
Chromotropic Acid Disodium Salt 35 1 177
Alpha-Chymotrypsin (new) 35 6 1567
Cobalt Chloride 35 5 1339
Cobalt Nitrate 35 3 648
Cupric Acetate 36 2 574
Alpha-Cyclodextrin Hydrate (new) 36 2 574
Diaveridine 35 3 648
1,3-Dicaffeoylquinic Acid (new) 35 4 990
Di(ethylene glycol) Methyl Ether (new) 36 3 781
Diethyl Sulfone (new) 36 2 575
4’4-Dipyridyl Dihydrochloride 33 5 1047
Epiandrosterone 36 3 781
Glycolic Acid 35 6 1567
Heptyl p-Hydroxybenzoate (new) 35 2 460
Hydrobomic Acid (new) 36 1 267
4-Hydroxybutane-1-sulfonic Acid (new) 36 2 575
Lanthanum Nitrate Hexahydrate (new) 36 3 782
Lead Acetate Cotton (new) 35 6 1568
Mercuric Bromide Test Paper 35 6 1568
Metanil Yellow (new) 36 1 267
(R)-(+)-alpha-Methylbenzyl Isocyanate (new) 36 1 267
Methyl Red 35 4 990
p-Naphtholbenzein 35 3 648
Nitrogen Certified Standard (new) 35 4 990
Nonoxynol-9 (new) 36 1 267
Nonylparaben (new) 36 2 575
Oxygen Certified Standard (new) 35 5 1339
93.0% Oxygen Certified Standard (new) 35 4 991
Oxygen in Nitrogen Certified Standard (new) 35 4 991
3.0% Oxygen in Nitrogen Certified Standard (new) 35 4 991
21.0% Oxygen in Nitrogen Certified Standard (new) 35 4 991
Oxygen–Helium Certified Standard (delete) 35 4 991
Pectate Lysate (new) 35 2 460
Phosphorous Acid (new) 35 1 178
Potassium Arsenate Monobasic (new) 35 6 1568
Potassium Metabisulfite (new) 35 1 178
Potassium Sodium Tartrate 35 1 178
Sodium Acetate 35 2 461
Sodium Biphenyl 35 3 648
Sodium Bisulfite 36 3 782
Sodium 1-Pentanesulfonate 36 1 268
Sodium 1-Pentanesulfonate, Anhydrous (new) 36 1 268
Stannous Chloride 35 3 649
Sulfuric Acid, Nitrogen Free (new) 35 3 649
Sunflower Oil (new) 36 3 782
0.4 M Aqueous Tetrabutylammonium Hydroxide (new) 36 2 575
Tetramethylbenzidine (new) 35 5 1339
Delta-8-tetrahydrocannabinol (new) 35 4 991
Zinc, Activated (new) 35 6 1568
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Test Solutions
Acetic Acid, Glacial, TS 35 1 179
Denatured Alcoholic TS (new) 35 1 179
Ammonium Carbonate TS 2 (new) 36 3 782
Cupric Citrate TS 2, Alkaline 35 1 179
Lead Subacetate TS 35 5 1339
Methoxyphenylacetic TS (new) 36 3 782
Potassium Hydroxide TS 2, Alcoholic (new) 36 3 782
Potassium Pyroantimonate TS 36 3 783
Sodium Hydroxide TS 3 (new) 36 3 783
Dibasic Sodium Phosphate TS 35 3 649
Starch TS 35 5 1340

Volumetric Solutions
Hydrochloric Acid, Normal (1 N) 35 1 180
Hydrochloric Acid, Half-Normal (0.5 N) 35 1 180
Hydrochloric Acid, Half-Normal (0.5 N) in Methanol 35 1 180
Perchloric Acid, Tenth-Normal (0.1 N) in Dioxane 35 1 180
Perchloric Acid, Tenth-Normal (0.1 N) in Glacial Acetic Acid 35 1 181

Chromatographc Columns
Chromatographic Columns—Packings 35 1 182
L## (Emtricitabine, Chirobiotic V) (new) 35 5 1340

Reference Tables
Container Specifications for Capsules and Tablets 36 3 784
Description and Solubility 29 1 266

34 4 1046
35 1 188
35 2 464
35 4 993
35 5 1343
35 6 1571
36 1 271
36 2 578
36 3 786

Description and Solubility—Stage 6 Harmonization 35 4 1022
Atomic Weights—Standard Atomic Weights of the Elements 35 1 189

Excipients
USP and NF Excipients, Listed by Category 36 2 440
USP and NF Excipients, Listed by Category—Stage 6 Harmonization 35 4 1017

NF General Notices and Requirements—Title (delete),
‘‘Official’’ and ‘‘Official Articles’’ (delete),
Storage under Nonspecific Conditions (delete),
Other General Notices (delete)

34 1 119

NF Monographs
Acetyltributyl Citrate—Assay, Acidity 35 6 1495
Agar—CAS number (add), Definition, Botanic characteristics,

Packaging and storage (add), USP Reference standards (add),
Identification, Microbial limits, Limit of foreign insoluble matter

33 4 702

Alpha-Lactalbumin (new) 34 3 670
Aluminum Oxide (new) 36 1 190
Amylene Hydrate—Identification A, B, C (delete) 35 4 903
Ascorbyl Palmitate—Identification B (add),

USP Reference Standards (add)
36 2 447

Benzalkonium Chloride—Identification A, Assay—Procedure 1,
Procedure 2, Organic Impurities—Procedure 1, Procedure 2,
USP Reference Standards

35 6 1496

Benzalkonium Chloride Solution—Definition, Identification A, D
(add), Assay—Procedure 1, Procedure 2, Alcohol Content (add),
Organic Impurities—Procedure 1 (add), Procedure 2 (add),
Acidity or Alkalinity (add), Alcohol Determination (delete),
Limit of Foreign Amines (delete), Labeling (add),
USP Reference Standards

35 6 1499

Betadex Sulfobutyl Ether Sodium (new) 36 2 447
Butylated Hydroxyanisole—Identification A, B (add), Assay 35 6 1503
Butyl Stearate (new) 35 6 1502
Calcium Propionate (new) 34 6 1517
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Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium (new) 34 6 1519
Chitosan (new) 35 1 115
Corn Syrup (new) 33 6 1240
Cystine (new) 35 1 122
Desoxycholic Acid (new) 34 6 1523
Diethyl Sebacate (new) 35 5 1203
Egg Phospholipids (new) 33 4 703
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion—

Viscosity, Coagulum content
35 1 123

Ethylene Glycol and Vinyl Alcohol Graft Copolymer (new) 35 2 324
Fumaric Acid—Identification 35 3 598
L-Glutamic Acid, Hydrochloride (new) 35 5 1203
Hydrogenated Polydecene (new) 33 3 485
Hydroxypropyl Cellulose—Identification 35 1 124
Hydroxypropyl Cellulose (new)—Stage 4 Harmonization 35 3 672
Lactobionic Acid (new) 35 4 904
Anhydrous Lactose—Stage 4 Harmonization 35 4 1013
Methacrylic Acid Copolymer—Title change, Chemical information

(add), Definition, Identification B, Assay, Organic
Impurities—Procedure: Limit of Monomers, Viscosity,
Packaging and Storage, Labeling

35 4 905

Methacrylic Acid and Ethyl Acrylate Copolymer (new) 35 4 907
Partially-Neutralized Methacrylic Acid and Ethyl Acrylate

Copolymer (new)
35 5 1204

Methacrylic Acid and Methyl Methacrylate Copolymer (new) 35 4 909
Methylacrylic Acid Copolymer Dispersion—Packaging and storage,

Viscosity, Limit of monomers, Coagulum content
35 1 124

Methylpyrrolidone (new) 35 5 1205
Light Mineral Oil—Neutrality 33 5 972
Nitrogen—Identification; Assay; Inorganic Impurities—

Carbon Monoxide, Limit of Oxygen; Odor; Packaging and
Storage; Labeling

35 4 910

Nitrogen 97 Percent—Definition; Identification; Assay; Inorganic
Impurities—Carbon Dioxide, Carbon Monoxide, Sulfur Dioxide,
Limit of Nitric Oxide and Nitrogen Dioxide; Packaging and Storage

35 4 911

Olive Oil—CAS number (add), Definition, Packaging and storage,
Identification (add), Fatty acid composition (add), Specific gravity
(delete), Cottonseed oil (delete), Peanut oil (delete), Sesame oil
(delete), Teaseed oil (delete), Absence of sesame oil (add),
Solidification range of fatty acids (delete), Free fatty acids (delete),
Acid value (add), Peroxide value (add), Unsaponifiable matter
(add), Specific absorbance (add), Iodine value (delete),
Saponification value (delete), Water (add), Alkaline impurities (add),
Sterol composition (add)

35 1 126

Peanut Oil—CAS number (add), Definition, Labeling (add),
Identification, Specific gravity (delete), Cottonseed oil (delete),
Solidification range of fatty acids (delete), Free fatty acids (delete),
Acid value (add), Peroxide value (add), Iodine value (delete),
Saponification value (delete), Refractive index (delete),
Heavy metals, Water (add), Alkaline impurities (add),
Other requirements (add)

34 6 1525

Poloxamer—Packaging and storage, USP Reference standards (add),
Identification (add), Limit of free ethylene oxide, propylene
oxide, and 1,4-dioxane

33 4 714

Polydextrose—Assay, Organic Impurities—Procedure 2: Limit of
Monomers, Molecular Weight Limit, USP Reference Standards

35 5 1206

Hydrogenated Polydextrose (new) 35 5 1210
Polyethylene Oxide—Chemical structure (add), Definition,

Identification B, Labeling
36 1 191

Polyglyceryl 3 Diisostearate (new) 36 2 451
Polyoxyl 15 Hydroxystearate (new) 35 1 128
Polyoxyl Stearyl Ether—Chemical information, Identification C (add),

Organic Impurities, USP Reference Standards
35 6 1504

Polypropylene Glycol Monolaurate—USP Reference standards,
Identification

34 1 140

Polyvinyl Acetate (new) 34 6 1526
Polyvinyl Acetate Dispersion (new) 35 1 134
Propylene Glycol Dilaurate—Chemical information, Identification A,

Assay
35 3 599

Hydrogenated Starch Hydrolysate (new) 35 1 136
Succinic Acid—Identification, USP Reference Standards (add) 36 2 453
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



PF Volume, Issue, and Page Numbers of Pending Proposals
Title and Proposal Vol. No. Page(s)

Sucrose Palmitate (new) 35 2 326
Sucrose Stearate (new) 35 2 328
Tagatose (new) 30 5 1672
Tartaric Acid—Identification B, USP Reference Standards (add) 35 5 1212
Tetrafluoroethane (new) 31 6 1672
Triethyl Citrate—Assay, Acidity 35 6 1505
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Pending Proposals (continued)
(Items from earlier numbers of PF that have not yet been adopted and become official)



Proposed Revisions and New Text Previously Presented in PF but Now Canceled
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 36(1)–PF 36(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

USP Monographs
Atorvastatin Calcium—Content of calcium (add) 35 1 66
Cyclosporine Capsules—Where Capsules contain liquid

and are not labeled as modified, Where Capsules are labeled
as modified

27 4 2721

Estradiol Transdermal System—Drug release (add) 33 2 225
Ethinyl Estradiol Tablets—Dissolution (add) 31 4 1067
Heparin Sodium (entire submission) 33 3 238
Human Acellular Dermal Matrix (entire submission) 35 3 558
Mirtazapine Orally Disintegrating Tablets—Related

compounds (add)
33 6 1189

Nateglinide—Specific rotation (add) 34 6 1463
Permethrin Cream (entire submission) 32 4 1102
Promethazine Hydrochloride and Codeine Phosphate

Oral Solution—Microbial Enumeration Tests h61i
and Tests for Specified Microorganisms h62i (add)

35 2 292

Promethazine and Phenylephrine Hydrochloride Oral
Solution—Microbial Enumeration Tests h61i and
Tests for Specified Microorganisms h62i (add)

35 2 298

Telmisartan—Heavy Metals 35 3 580
Tromethamine—Melting Range or Temperature 35 2 316

USP General Test Chapters
h11i USP Reference Standards

{USP Azithromycin Related Compound F RS (add) 34 3 680
h111i Design and Analysis of

Biological Assays (entire submission)
34 3 685

h197i Spectrophotometric Identification Tests
(entire submission)

35 1 152

h725i Topical and Transdermal Drug Products—Product
Performance Tests (entire submission)

35 3 615

h851i Spectrophotometry and Light-Scattering
(entire submission)

35 1 157

h853i Fluorescence Spectroscopy (entire submission) 34 5 1252
h854i Mid-Infrared Spectroscopy (entire submission) 34 5 1266
h857i Ultraviolet-Visible Spectroscopy (entire submission) 34 5 1282
h921i Water Determination (entire submission) 34 3 761

USP General Information Chapters
h1235i Vaccines for Human Use—General Considerations

(entire submission)
34 5 1297

h1251i Weighing on an Analytical Balance
(entire submission)

33 4 756

h1251i Weighing on an Analytical Balance—Introduction 34 3 798
h1251i Weighing on an Analytical Balance—Introduction,

Qualification, Operation of the Analytical Balance
35 2 448

{New cancellations in PF 36(4).
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STAGE 4 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). Stage
4 drafts are available for comments. Below are descriptions of the developmental Stages as defined by the United States
Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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STAGE 6 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). This
section includes Stage 6 adopted text which is provided for information. USP cannot incorporate public comments at
Stage 6 without consulting PDG partners. Below are descriptions of the developmental Stages as defined by the United
States Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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GENERAL CHAPTERS

General Information

BRIEFING

h1241i Water–Solid Interactions in Pharmaceutical
Systems, USP 32 page 759. The European Pharmacopoeia is
the coordinating pharmacopeia for the international harmoni-
zation of the compendial standards for general chapter h1241i
Water–Solid Interactions in Pharmaceutical Systems, as part of the
process of international harmonization of monographs and
general analytical methods of the European, Japanese, and
United States pharmacopeias. The following document, which
represents the revised ADOPTION STAGE 6 document, is
based in part on comments from the Japanese Pharmacopoeia
and the United States Pharmacopeia.

(GC: A. Hernandez-Cardoso.) RTS—C77014

Change to read:

h1241i WATER–SOLID
INTERACTIONS IN

PHARMACEUTICAL SYSTEMS

~

INTRODUCTION

This general chapter is harmonized with the corre-

sponding texts of the European Pharmacopoeia and/or

the Japanese Pharmacopoeia. These pharmacopeias have

undertaken not to make any unilateral change to this

harmonized chapter. Portions of the present general

chapter text that are national USP text, and therefore

not part of the harmonized text, are marked with sym-

bols (^^ ) to specify this fact.

Pharmaceutical solids as raw materials or as constitu-

ents of dosage forms most often come in contact with

water during processing and storage. This may occur

(a) during crystallization, lyophilization, wet granulation,

or spray drying; and (b) because of exposure upon han-

dling and storage to an atmosphere containing water va-

por or exposure to other materials in a dosage form that

contain water capable of distributing it to other ingredi-

ents. Some properties known to be altered by the associ-

ation of solids with water include rates of chemical

degradation in the ‘‘solid-state’’, crystal growth and dis-

solution, dispersibility and wetting, powder flow, lubrici-

ty, powder compactibility, compact hardness, and

microbial contamination.

Although precautions can be taken when water is per-

ceived to be a problem, i.e., eliminating all moisture, re-

ducing contact with the atmosphere, or controlling the

relative humidity of the atmosphere, such precautions

generally add expense to the process with no guarantee

that during the life of the product further problems asso-

ciated with moisture will be avoided. It is also important

to recognize that there are many situations where a cer-

tain level of water in a solid is required for proper perfor-

mance, e.g., powder compaction. It is essential for both

reasons, therefore, that as much as possible is known

about the effects of moisture on solids before strategies

are developed for their handling, storage, and use.

Some of the more critical pieces of required informa-

tion concerning water–solid interactions are:

— total amount of water present;

— the extent to which adsorption and absorption oc-

cur;

— whether or not hydrates form;

— specific surface area of the solid, as well as such pro-

perties as degree of crystallinity, degree of porosity,

and glass transition and melting temperature;

— site of water interaction, the extent of binding, and

the degree of molecular mobility;

— effects of temperature and relative humidity;

— essentially irreversible hydration;

— kinetics of moisture uptake;
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— various factors that might influence the rate at which

water vapor can be taken up by a solid;

— for water-soluble solids capable of being dissolved by

the sorbed water, under which conditions dissolu-

tion will take place.

PHYSICAL STATES OF SORBED WATER

Water can physically interact with solids in different

ways. It can interact at the surface (adsorption) or it

can penetrate the bulk solid structure (absorption).

When both adsorption and absorption occur, the term

sorption is often used. Adsorption is particularly critical

in affecting the properties of solids when the specific sur-

face area is large. Large values of specific surface area are

seen with solids having very small particles, as well as

with solids having a high degree of intraparticle porosity.

Absorption is characterized by an association of water

per gram of solid that is much greater than that which

can form a monomolecular layer on the available surface,

and an amount that is generally independent of the spe-

cific surface area.

Most crystalline solids will not absorb water into their

bulk structures because of the close packing and high de-

gree of order of the crystal lattice. Indeed, it has been

shown that the degree of absorption into solids exhibit-

ing partial crystallinity and partial amorphous structure is

often inversely proportional to the degree of crystallinity.

With some crystalline solids, however, crystal hydrates

may form. These hydrates may exhibit a stoichiometric

relationship, in terms of water molecules bound per solid

molecule, or they may be non-stoichiometric. Upon de-

hydration, crystal hydrates may either retain their origi-

nal crystal structure, lose their crystallinity and become

amorphous, or transform into a new anhydrous or less-

hydrated crystal form.

Amorphous or partially amorphous solids are capable

of taking up significant amounts of water because there

is sufficient molecular disorder in the solid to permit pen-

etration, swelling, or dissolution. Such behavior is ob-

served with most amorphous polymers and with small-

molecular-mass solids rendered amorphous during prep-

aration, e.g., by lyophilization, or after milling. The intro-

duction of defects into highly crystalline solids will also

produce this behavior. The greater the chemical affinity

of water for the solid, the greater the total amount that

can be absorbed. When water is absorbed by amorphous

solids, the bulk properties of the solid can be significantly

altered. It is well established, for example, that amor-

phous solids, depending on the temperature, can exist

in at least one of two states: ‘‘glassy’’ or ‘‘fluid’’; the tem-

perature at which one state transforms into the other is

the glass transition temperature, TG.

Water absorbed into the bulk solid structure, by virtue

of its effect on the free volume of the solid, can act as an

efficient plasticizer and reduce the value of TG. Because

the rheological properties of ‘‘fluid’’ and ‘‘glassy’’ states

are quite different, i.e., the ‘‘fluid’’ state exhibits much

less viscosity as the temperature rises above the glass

transition point, it is not surprising that a number of im-

portant bulk properties dependent on the rheology of

the solid are affected by moisture content. Because

amorphous solids are metastable relative to the crystal-

line form of the material, with small-molecular-mass ma-

terials, it is possible for absorbed moisture to initiate

reversion of the solid to the crystalline form, particularly

if the solid is transformed by the sorbed water to a ‘‘fluid’’

state. This is the basis of ‘‘cake collapse’’ often observed

during the lyophilisation process. An additional pheno-

menon noted specifically with water-soluble solids is

their tendency to deliquesce, i.e., to dissolve in their

own sorbed water, at relative humidities, RHI, in excess

of the relative humidity of a saturated solution of the sol-

id, RHO. Deliquescence arises because of the high water

solubility of the solid and the significant effect it has on

the colligative properties of water. It is a dynamic process

that continues to occur as long as RHI is greater than RHO.
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The key to understanding the effects water can have

on the properties of solids, and vice versa, rests with an

understanding of the location of the water molecule and

its physical state. More specifically, water associated with

solids can exist in a state that is directly bound to the sol-

id, as well as in a state of mobility approaching that of

bulk water. This difference in mobility has been observed

through such measurements as heats of sorption, freez-

ing point, nuclear magnetic resonance, dielectric proper-

ties, and diffusion.

Such changes in mobility have been interpreted as aris-

ing because of changes in the thermodynamic state of

water as more and more water is sorbed. Thus, water

bound directly to a solid is often thought as unavailable

to affect the properties of the solid, whereas larger

amounts of sorbed water may become more clustered

and form water more like that exhibiting solvent proper-

ties. In the case of crystal hydrates, the combination of

intermolecular forces (hydrogen bonding) and crystal

packing can produce very strong water–solid interac-

tions. Recognizing that the presence of water in an amor-

phous solid can affect the glass transition temperature

and hence the physical state of the solid, at low levels

of water, most polar amorphous solids are in a highly vis-

cous glassy state because of their high values of TG.

Hence, water is ‘‘frozen’’ into the solid structure and is

rendered immobile by the high viscosity, e.g., 1013

Pa � s. As the amount of water sorbed increases and TG de-

creases, approaching ambient temperatures, the glassy

state approaches that of a ‘‘fluid’’ state and water mobil-

ity along with the mobility of the solid itself increases sig-

nificantly. At high RH, the degree of water plasticization

of the solid can be sufficiently high so that water and the

solid can now achieve significant amounts of mobility. In

general, therefore, this picture of the nature of sorbed

water helps to explain the rather significant effect mois-

ture can have on a number of bulk properties of solids

such as chemical reactivity and mechanical deformation.

It suggests strongly that methods of evaluating chemical

and physical stability of solids and solid dosage forms

take into account the effects water can have on the solid

when it is sorbed, particularly when it enters the solid

structure and acts as a plasticizer.

Rates of Water Uptake—The rate and extent to

which solids exposed to the atmosphere might either

sorb or desorb water vapor can be a critical factor in

the handling of solids. Even the simple act of weighing

out samples of solid on an analytical balance and the ex-

posure, therefore, of a thin layer of powder to the atmo-

sphere for a few minutes can lead to significant error in,

for example, the estimation of loss on drying values. It is

well established that water-soluble solids exposed to rel-

ative humidities above that exhibited by a saturated so-

lution of that solid will spontaneously dissolve via

deliquescence and continue to dissolve over a long time

period. The rate of water uptake in general depends on a

number of parameters not found to be critical in equilib-

rium measurements because rates of sorption are primar-

ily mass-transfer controlled with some contributions from

heat-transfer mechanisms. Thus, factors such as vapor

diffusion coefficients in air and in the solid, convective

airflow, and the surface area and geometry of the solid

bed and surrounding environment, can play an impor-

tant role. Indeed, the method used to make measure-

ments can often be the rate-determining factor

because of these environmental and geometric factors.

DETERMINATION OF SORPTION–DESORPTION

ISOTHERMS

Principle—The tendency to take up water vapor is

best assessed by measuring sorption or desorption as a

function of relative humidity, at constant temperature,

and under conditions where sorption or desorption is es-

sentially occurring independently of time, i.e., equilibri-

um. Relative humidity, RH, is defined by the following

equation:
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RH = (PC 6 100)/PO

PC = pressure of water vapor in the system

PO = saturation pressure of water vapor under the

same conditions

The ratio PC/PO is referred to as the relative pressure.

Sorption or water uptake is best assessed starting with

dried samples and subjecting them to a known relative

humidity. Desorption is studied by beginning with a sys-

tem already containing sorbed water and reducing the

relative humidity. As the name indicates, the sorption–

desorption isotherm is valid only for the reference tem-

perature, hence a special isotherm exists for each tem-

perature. Ordinarily, at equilibrium, moisture content at

a particular relative humidity must be the same, whether

determined from sorption or desorption measurements.

However, it is common to see sorption–desorption hys-

teresis.

Figure 1. Example of an apparatus for the determination of the water sorption (other designs are possible).

Methods—Samples may be stored in chambers at

various relative humidities. The mass gained or lost for

each sample is then measured. The major advantage of

this method is convenience, while the major disadvan-

tages are the slow rate of reaching constant mass, partic-

ularly at high relative humidities, and the error

introduced in opening and closing the chamber for

weighing. Dynamic gravimetric water sorption systems

allow the on-line weighing of a sample in a controlled

system to assess the interaction of the material with mois-

ture at various programmable levels of relative humidity

at a constant temperature. The major benefit of a con-

trolled system is that isothermal conditions can be more

reliably established and that the dynamic response of the

sample to changing conditions can be monitored. Data

points for the determination of the sorption isotherm

(e.g., from 0% to approximately 95% RH, non-

condensing) are only taken after a sufficiently constant

signal indicates that the sample has reached equilibrium

at a given level of humidity. In some cases (e.g., deliques-
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cence), the maximum time may be restricted although

the equilibrium level is not reached. The apparatus must

adequately control the temperature to ensure a good

baseline stability as well as accurate control of the relative

humidity generation. The required relative humidities

can be generated, e.g., by accurately mixing dry and sat-

urated vapor gas with flow controllers. The electrostatic

behaviour of the powder must also be considered. The

verification of the temperature and the relative humidity

(controlled with, for example, a certified hygrometer,

certified salt solutions, or deliquescence points of certi-

fied salts over an adequate range), must be consistent

with the instrument specification. The balance must pro-

vide a sufficient mass resolution and long-term stability.

It is also possible to measure amounts of water uptake

not detectable gravimetrically using volumetric tech-

niques. In the case of adsorption, to improve sensitivity,

the specific surface area of the sample can be increased

by reducing particle size or by using larger samples to in-

crease the total area. It is important, however, that such

comminution of the solid does not alter the surface struc-

ture of the solid or render it more amorphous or other-

wise less ordered in crystallinity. For absorption, where

water uptake is independent of specific surface area, only

increasing sample size will help. Increasing sample size,

however, will increase the time to establish some type

of equilibrium. To establish accurate values, it is impor-

tant to get desolvation of the sample as thoroughly as

possible. Higher temperatures and lower pressures (vac-

uum) facilitate this process; however, care must be taken

to note any adverse effects this might have on the solid

such as dehydration, chemical degradation, or sublima-

tion. Using higher temperatures to induce desorption, as

in a thermogravimetric apparatus, likewise must be care-

fully carried out because of these possible pitfalls.

Report and Interpretation of the Data—Sorption

data are usually reported as a graph of the apparent mass

change in percent of the mass of the dry sample as a

function of relative humidity or time. Sorption isotherms

are reported both in tabular form and as a graph. The

measurement method must be traceable with the data.

Adsorption–desorption hysteresis can be interpreted,

for example, in terms of the porosity of the sample, its

state of agglomeration (capillary condensation), the for-

mation of hydrates, polymorphic change, or liquefying

of the sample. Certain types of systems, particularly those

with microporous solids and amorphous solids, are capa-

ble of sorbing large amounts of water vapor. Here, the

amount of water associated with the solid as relative hu-

midity is decreased, is greater than the amount that orig-

inally sorbed as the relative humidity was increased. For

microporous solids, vapor adsorption–desorption hyster-

esis is an equilibrium phenomenon associated with the

process of capillary condensation. This takes place be-

cause of the high degree of irregular curvature of the mi-

cropores and the fact that they ‘‘fill’’ (adsorption) and

‘‘empty’’ (desorption) under different equilibrium condi-

tions. For nonporous solids capable of absorbing water,

hysteresis occurs because of a change in the degree of

vapor–solid interaction due to a change in the equilibri-

um state of the solid, e.g., conformation of polymer

chains, or because the time scale for structural equilibri-

um is longer than the time scale for water desorption. In

measuring sorption–desorption isotherms, it is therefore

important to establish that something close to an equilib-

rium state has been reached. Particularly with hydrophil-

ic polymers at high relative humidities, the establishment

of water sorption or desorption values independent of

time is quite difficult, because one is usually dealing with

a polymer plasticised into its ‘‘fluid’’ state, where the solid

is undergoing significant change.

Pharmacopeial Forum
Vol. 36(4) [July–Aug. 2010] STAGE 6 HARMONIZATION 1067

#2010 The United States Pharmacopeial Convention All Rights Reserved.

S
tage

6
H

arm
onization



In the case of crystal hydrate formation, the plot of wa-

ter uptake versus pressure or relative humidity will in

these cases exhibit a sharp increase in uptake at a partic-

ular pressure and the amount of water taken up will us-

ually exhibit a stoichiometric mole:mole ratio of water to

solid. In some cases, however, crystal hydrates will not

appear to undergo a phase change or the anhydrous

form will appear amorphous. Consequently, water sorp-

tion or desorption may appear more like that seen with

adsorption processes. X-ray crystallographic analysis and

thermal analysis are particularly useful for the study of

such systems.

For situations where water vapor adsorption occurs

predominantly, it is very helpful to measure the specific

surface area of the solid by an independent method

and to express adsorption as mass of water sorbed per

unit area of solid surface. This can be very useful in assess-

ing the possible importance of water sorption in affecting

solid properties. For example, 0.5% m/m uptake of water

could hardly cover the bare surface of 100 m2/g, while

for 1.0 m2/g this amounts to 100 times more surface cov-

erage. In the case of pharmaceutical solids which have a

specific surface area in the range of 0.01 m2/g to 10 m2/

g, what appears to be low water content could represent

a significant amount of water for the available surface.

Because the ‘‘dry surface area’’ is not a factor in absorp-

tion, sorption of water with amorphous or partially amor-

phous solids can be expressed on the basis of unit mass

corrected for crystallinity, when the crystal form does not

sorb significant amounts of water relative to the amor-

phous regions.

DETERMINATION OF THE WATER ACTIVITY

Principle—Water activity, AW, is the ratio of vapor

pressure of water in the product (P) to saturation pres-

sure of water vapor (PO) at the same temperature. It is nu-

merically equal to 1/100 of the relative humidity (RH)

generated by the product in a closed system. RH can

be calculated from direct measurements of partial vapor

pressure or dew point, or from indirect measurement by

sensors whose physical or electric characteristics are al-

tered by the RH to which they are exposed. Ignoring ac-

tivity coefficients, the relationship between AW and

equilibrium relative humidity (ERH) are represented by

the following equations:

AW = P/PO

ERH(%) = AW 6 100

Method—The water activity is determined by placing

the sample in a small airtight cup inside which the equi-

librium between the water in the solid and the headspace

can be established. The volume of the headspace must

be small in relation to the sample volume in order not

to change the sorption state of the sample during the

test. The equilibration as a thermodynamic process takes

time but may be accelerated by forced circulation within

the cell. The acquired water activity value is only valid for

the simultaneously determined temperature. This re-

quires a precise temperature-measuring device as part

of the equipment. Furthermore, the probe must be ther-

mally insulated to guarantee a constant temperature dur-

ing the test. The sensor measuring the humidity of the

headspace air above the sample is a key component.
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Theoretically, all types of hygrometers can be used, but

for analytical purposes miniaturization and robustness

are a precondition. The AW measurement may be con-

ducted using the dew point/chilled mirror method.1 A

polished, chilled mirror is used as a condensing surface.

The cooling system is electronically linked to a photoelec-

tric cell into which light is reflected from the condensing

mirror. An air stream, in equilibrium with the test sample,

is directed at the mirror which cools until condensation

occurs on the mirror. The temperature at which this con-

densation begins is the dew point from which the ERH is

determined. Commercially available instruments using

the dew point/chilled mirror method or other technolo-

gies need to be evaluated for suitability, validated, and

calibrated when used to make water activity determina-

tions.

These instruments are typically calibrated over an ade-

quate range, for example, using some saturated salt so-

lutions at 258 such as those listed in Table 1.

Table 1. Standard Saturated Salt Solutions

Saturated Salt

Solutions at 258

ERH

(%) AW

Potassium sulfate (K2SO4) 97.3 0.973

Barium chloride (BaCl2) 90.2 0.902

Sodium chloride (NaCl) 75.3 0.753

Magnesium nitrate

(Mg(NO3)2) 52.9 0.529

Magnesium chloride (MgCl2) 32.8 0.328

Lithium chloride (LiCl2) 11.2 0.112

~USP34

1 AOAC International Official Method 978.18.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an
Expert Committee publishes an article on which they are specifically seeking comment, this will be clearly stated in the
article. Readers may submit comments on issues raised in this section, but comment is not as critical as that for the In-
Process Revision section. Readers interested in submitting comments should see Instructions to Authors.
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other
commentaries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Phar-
macopeial Forum under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understand-
ing that they have not been published previously in any language or medium and that they are not simultaneously
under consideration by any other publication.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and
if accepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of
the USP Convention (USPC) and may not be subsequently published elsewhere without written permission from the
USPC. Authors are also responsible for obtaining permission for reprinting any illustrations that have been published
elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the
article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage
(numbers, abbreviations, etc.). For the latter, authors should use the current AMA Manual of Style or the current
ACS Style Guide. Authors may usefully consult a current copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of
Medicine’s Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer
examples of reference formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for
publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding
author. This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the
Scientific Liaison if they would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the
electronic file. Submit the text in Microsoft1 Word or another current word-processing application. The preferred
format for graphics submitted electronically is tagged image file format (TIFF). Photocopies are not acceptable.
Manuscripts submitted for publication should be addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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USP Responses to Comments on Stimuli Article:
Performance-based Monographs

R.L. Williams, S. de Mars, W.F. Koch, W.W. Hauck, and T.L. Cecila

ABSTRACT This Stimuli article provides a response from the Chair, Council of Experts, and senior staff at the US
Pharmacopeial Convention (USP) on comments received in response to a Stimuli article titled ‘‘Performance-based
Monographs.’’ This Stimuli article appeared with a companion article titled ‘‘Acceptable, Equivalent, or Better:
Approaches for Alternatives to Official Compendial Procedures’’ in Pharmacopeial Forum (PF) 35(3). A separate
Stimuli article in this issue of PF responds to comments on the latter. The authors of the present Stimuli article and
the associated Stimuli article in this issue of PF believe that both articles and the public responses to them are
important to USP’s standards-setting activities in the coming 2010–2015 and subsequent revision cycles. The
authors of this Stimuli article appreciate the work of the Council of Experts Small Molecules Collaborative Group
and staff that resulted in both articles and also express sincere appreciation to the thoughtful public comments
received on both.

INTRODUCTION

In Pharmacopeial Forum (PF) 35(3) [2009;35(3):765–
770] the Small Molecules Collaborative Group of the
USP Council of Experts and USP staff presented a Stimuli
to the Revision Process article that proposed a new ap-
proach for the procedures of tests in monographs in
the US Pharmacopeia (USP) and National Formulary
(NF). This article stimulated eight letters, three of which
were marked confidential and thus cannot be shared.
The five nonconfidential letters have been placed on
the USP Web site in association with this Stimuli article.
In considering the comments, the authors of this re-
sponse categorized them broadly into six topics. Beyond
these six topics, there were four other points made by in-
dividual commenters that could not be specifically cate-
gorized. This Stimuli article provides the authors’
responses to these topics and points and also discusses
USP’s plans for further exploration of the performance-
based monograph concept.

SIX TOPICS

The six topics are:
1. Performance-based procedures, default procedures,

and the Food, Drug, and Cosmetic Act (the Act)
2. The role of certified reference materials (CRMs)
3. The role of stakeholders
4. The potential benefits of a performance-based

monograph (PBM) to industry
5. Standards for equivalence
6. Specifics of an acceptable procedure.

Topic #1: Performance-based Procedures,
Default Procedures, and the Act

Comment 1: It would be beneficial if PBMs could be de-
signed to also include a defined default procedure that
could be designated the official procedure for enforce-
ment purposes.

Comment 2: Because exact consensus methods and pro-
cedures are not provided, literature searches or alterna-
tive means must be performed to find acceptable test
methods. These procedures would then have to be vali-
dated according to the acceptable procedure require-
ments. This change would increase costs of compliance.

Comment 3: PBMs without default procedures make
supplier relationships much more difficult. The test meth-
ods need to be supplied by the compendia to ensure uni-
form standards of compliance among suppliers.

Response: The intention of the USP is to ensure that in all
cases there would be at least a single analytical procedure
that could be used for assay, impurities, and identifica-
tion. Where no single procedure is capable of serving
all of these purposes, additional procedures would be de-
veloped and added.

Topic #2: The Role of Certified Reference
Materials (CRMs)

Comment 1: There is concern with providing the ‘‘level
of uncertainty’’ for CRMs because this is inconsistent with
current pharmaceutical and compendial practices. The
current pharmaceutical practice is to factor the uncer-
tainty into wider applicable limits established for that
quality attribute.

a Correspondence should be addressed to: T.L. Cecil, PhD, Vice Presi-
dent, Compendial Sciences, US Pharmacopeia, 12601 Twinbrook Park-
way, Rockvi l le, MD 20852-1790; tel. 301.816.8234; e-mail
tlc@usp.org.
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Comment 2: The cost of purchasing CRMs or converting
existing house standards to ‘‘traceable’’ standards could
be prohibitive.

Comment 3: CRMs may not be necessary for all perfor-
mance attributes identified in a PBM.

Response: The CRMs produced by USP are currently not
priced differently than traditional USP reference standard
materials, and there is no plan to change that pricing
structure. The procedure necessary to show that a house
standard is traceable is well documented in various docu-
ments from the International Organization for Standardi-
zation (ISO). For the purpose of compliance, USP cannot
condone the use of house standards, especially if the lat-
ter define acceptability of a procedure, as assumed in the
PBM approach. The rationale and procedure of deter-
mining the effect of measured uncertainty on the deter-
mination of compliance to the USP standard is the
subject of an upcoming Stimuli article. However, a modi-
fication to address this concern is being considered.

Topic #3: The Role of Stakeholders

Comment 1: USP should include stakeholders and proj-
ect teams for input and direction.

Comment 2: The performance requirements for the
method need to be developed on a case-by-case basis
with a sponsor.

Response: The PBM concept was designed with the as-
sumption of involvement by interested parties, pref-
erably the innovator, to sponsor procedures. However,
USP would consider developing PBM monographs from
other sources including work conducted within USP.

Topic #4: The Potential Benefits of PBMs to
Industry

Comment 1: PBMs would benefit the industry as a
whole.

Comment 2: The PBM concept has great potential to
bridge a number of problem areas related to the estab-
lishment of quality standards for pharmaceuticals and are
commended as a valuable improvement.

Comment 3: Consider a performance-based option for
drug products, botanicals, and nutraceuticals.

Response: Thank you for your support. Many have indi-
cated that there are tangible benefits that can be ob-
tained by further development of the PBM concept.

Topic #5: Standards for Equivalence

Comment 1: Equivalent-or-better and acceptable deter-
minations are currently defined on a case-by-case basis
by the manufacturer.

Comment 2: Regulators should be the judges of accep-
table method characteristics.

Comment 3: Everyone does equivalence evaluations dif-
ferently, and sometimes FDA will not accept the results,
thereby invalidating the analytical results.

Response: In the current paradigm, a manufacturer de-
termines what equivalence means for its particular appli-
cation. FDA or another conformance evaluation group
will then judge whether a manufacturer has sufficiently
defined and supported equivalence between the USP
procedure and the manufacturer’s house procedure.
However, comment 3 indicates that a standard for
equivalence testing would ease inspections for FDA and
provide assurance that the manufacturer has met a basic
level of acceptance. Equivalence testing is very well
evolved in some areas in the pharmaceutical industry
but has not yet been adequately discussed in the com-
pendial area.

Topic #6: Specifics of an Acceptable Procedure

� Linearity
Comment 1: Impurities: Single concentration or over

the entire range?
Response: The linearity measurement proposed by

the PBM article is not the traditional Response versus
Concentration curve. Instead the plot is calculated as
concentration versus known concentration. This ap-
proach ensures that any postprocessing needs of a given
method will be incorporated before the determination of
linearity. Therefore, systematic bias can be identified by a
plot that deviates from the standard. This approach
would therefore require the evaluation of impurities over
a range of values.

Comment 2: R 2 i s redefined in USP as R for
chromatography.

Response: Correct, but R is also defined as resolution in
USP. To avoid confusion, the generally used R2 nomencla-
ture was used for the article. This does not indicate that a
change is pending in the USP texts.

� Precision and Accuracy
Comment 1: A homogenous sample should be used.
Response: The use of a USP RS should ensure the

homogeneity of the sample.
Comment 2: Will this chart be unique to a specific

monograph?
Response: The chart has been developed for a specific

acceptance range. The chart should be modified de-
pending on the needs of the Assay. USP is developing a
basic equation to describe the curve.

� Limit of Quantification
Comment: Definition differs from ICH; consider 3:1.
Response: This is a good topic for further discussion.

Although the proposal differs from the levels described
by ICH, it is not a critical value for the evaluation of a
PBM procedure and may be a figure of merit that could
be removed from validation studies.
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� Impurities
Comment: The challenge of having ‘‘pure impurities’’

to demonstrate specificity is an issue.
Response: Although pure impurities are desired, the

development, identification, and control of those impu-
rity standards would exist within an individual company.
The PBM described in the article does not assume the
presence or use of a USP reference standard for the spec-
ificity studies. Where they are available, these standards
would be beneficial. However, the focus of the proposal
is on development of a PBM that meets the needs of
manufacturer, regulator, USP, and the product. There-
fore, if one were to use a mixture of proprietary impuri-
ties, or an unpurified mixture of impurities with a known
content, then the results would yield the information
necessary to show specificity.

� Assay
Comment: Setting an Assay value of 98.0%–102.0%

with a 95% confidence level may be appropriate for a
chromatographic Assay procedure but not necessarily
for a titration Assay procedure.

Response: In the vast majority of cases, a titration
could easily fall within the boundaries described in the
Precision/Accuracy chart. However, if the acceptance
ranges were to be narrower, then the chart would have
to be altered to ensure that the procedure being evalu-
ated will yield a result that adequately indicates a passing
or failing result.

POINTS

Point #1: Differentiation of validation and performance
testing needs clarity.

Response: When this article was written the authors had
many discussions about the appropriate usage of the
PBM. One of the principal points of discussion was the
application of the PBM acceptance criteria as a validation
requirement or as a system suitability requirement. This is
still under discussion, but general consensus seems to fa-
vor the Acceptable Procedure Requirements being vali-
dation requirements, and an as-yet undefined system
suitability requirement could be added to a monograph.

Point #2: The specification will not reflect the innova-
tor’s filing.

Response: USP hopes that wherever possible mono-
graphs should reflect the filing status with FDA. Where
the specification deviates, USP hopes that an interested
party would identify the departure so that a change
could be considered. The goal of the PBM is to create a
system that increases a manufacturer’s flexibility when
showing compliance and reducing the need to con-
stantly revise the standard to accommodate advances
in analytical technology.

Point #3: Reducing monograph backlog should not
drive the development of PBMs.

Response: The reduction of the monograph backlog is
not the driving force behind PBMs. However, if by collab-
oration and the possibility of mutual benefit the backlog
can be addressed, then fewer resources will need to be
spent in that endeavor. Many of the stated reasons that
a manufacturer would not supply a monograph are ad-
dressed by the PBM approach, and therefore the use of
PBMs can create that mutual benefit.

Point #4: Consider moving the concepts of the PBM into
a general chapter.

Response: The concepts and potential applications of
the performance-based approaches could work well as
a new chapter numbered above 1000 or as an addi-
tion/extension of Validation of Compendial Procedures
h1225i. However, this approach would not provide the
desired level of flexibility and would spread the concept
to all monographs in USP without sufficient considera-
tion of the appropriate acceptance criteria for each
monograph.

DISCUSSION

The authors of this Stimuli article acknowledge that a
PBM presented in official text in USP and/or NF would
be a radical departure from current practices—even
though the approach is more common in other indus-
tries. For this reason, USP will not implement at this time
the PBM approach in official text. USP intends to conduct
a pilot study of the PBM approach and will speak publicly
about the results of this study at the appropriate time.
The authors look forward to continued dialogue regard-
ing the general topic of PBMs with national and interna-
tional stakeholders. Although the PBM approach may
not be viable at this time for official text, the authors be-
lieve the original PBM article in PF 35(3) contained much
important information, including concepts about how to
determine that a procedure is acceptable relative to spec-
ified acceptance criteria. Additional important informa-
tion is contained in the ‘‘Equivalent or Better’’ Stimuli
article. For this reason, the authors suggest that one or
more general chapters on these topics should be consid-
ered by the Council of Experts in the 2010–2015 revision
cycle. Beyond these general information chapters, the
authors also believe that some kind of PBM approach
merits further evaluation and can bring considerable
benefit to manufacturers and conformity-assessment
bodies in the coming years.
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USP Responses to Comments on Stimuli Article: Acceptable, Equivalent, or
Better: Approaches for Alternatives to Official Compendial Procedures

Walter W. Hauck,a Todd L. Cecil, Anthony J. DeStefano, William F. Koch, and Roger L. Williams

ABSTRACT In Pharmacopeial Forum (PF) 35(3), USP published two articles: a) Performance-based Monographs; and b)
Acceptable, Equivalent, or Better: Approaches for Alternatives to Official Compendial Procedures. In this issue of PF, USP staff
provide responses to comments received on both. This Stimuli article responds to the five comments received for the
latter article, which postulated four approaches to considering ‘‘equivalent or better results.’’ USP believes both articles
can be considered by the Council of Experts in the 2010–2015 revision cycle with the goal of developing one or more
general chapters that can guide analysts in assessing alternative procedures.

INTRODUCTION

The USP–NF General Notices and Requirements allow
alternative methods and/or procedures when ‘‘chosen
for advantages in accuracy, sensitivity, precision, selectiv-
ity, or adaptability to automation or computerized data
reduction, or in other special circumstances.’’ On 01
May 2009, the General Notices changed from requiring
validation of the alternative procedure to requiring vali-
dation and a demonstration of ‘‘equivalent or better re-
sults’’ (compared to those from the compendial
procedure). To provide information about how equiva-
lent or better could be demonstrated, USP staff prepared
a Stimuli article, Acceptable, Equivalent, or Better: Ap-
proaches for Alternatives to Official Compendial Procedures,
which appeared in Pharmacopeial Forum (PF) 35(3). That
Stimuli proposed four approaches to considering
whether an alternative procedure yields ‘‘equivalent or
better results’’ compared to results from the compendial
procedure. The first approach (Option 1) does not re-
quire comparison to results obtained by the compendial
procedure. It simply states criteria by which an alterna-
tive procedure is determined to be acceptable. Details
of determining acceptable procedures were described
in the companion Stimuli article Performance-based
Monographs. The remaining options directly compare re-
sults from the alternative procedure to those from the
compendial procedure via a) performance equivalence
studies (Option 2); b) results equivalence studies (Option
3); or c) decision equivalence studies (Option 4).

USP received five written comments. The four noncon-
fidential letters have been placed on the USP Web site in
association with this Stimuli article. Informal comments
were also received at the September 2009 USP Annual
Science Meeting (ASM) in Toronto. Comments sub-
mitted in response to the Stimuli are summarized here.
Comments at the 2009 ASM were not captured specifi-
cally but inform responses and planning. The comments
received indicate a substantial effort for which the
authors express appreciation.

COMMENTS

All of the comments received can be condensed into
four basic topics. These topics with summarized com-
ments are:

Topic 1: Linkage of equivalent or better to compendial com-
pliance.Option 1 may tend to encourage use of proce-
dures that are markedly less accurate or precise than
the official method. Consider reframing the entire discus-
sion to address the concept of ‘‘will pass if tested.’’

Topic 2: Relative merits of the options.USP should further
develop these concepts to create consensus statistical
methods and appropriate criteria so that a more compre-
hensive evaluation of the proposed options can be per-
formed.

Topic 3: Flexibility in choice of approach.The choice of
using any of the four options should be made case by
case, based on experience and justified scientifically. In
some cases, a mix between the options may also be ade-
quate.

Topic 4: Challenges in testing equivalence.Defined out-
comes and equivalence criteria should be included in
the discussion of Options 2–4.

RESPONSES

Following are responses to the comments, summar-
ized by topic.

Topic #1: Linkage of equivalent or better to compendial
compliance. The General Notices requirement before
the 2009 change required that the alternative method
or procedure have some advantage and that it be vali-
dated. The validation requirement offered little assurance
that the alternative procedure was appropriate for the in-
tended purpose. Although competent analysts validating
a new procedure to the same intended use may use sim-
ilar validation requirements, there is no assurance of this.
The revised General Notices adds the requirement to
demonstrate ‘‘equivalent or better results’’ to the re-

a To whom correspondence should be addressed: Walter W. Hauck,
PhD, Senior Scientific Fellow, US Pharmacopeia, 12601 Twinbrook Park-
way, Rockville, MD 20852-1790; tel. 301.816.8390; e-mail wh@
usp.org.
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quirement to validate. Option 1 for such a demonstra-
tion can be viewed as specifying minimum validation re-
quirements. Also, the intent is that these requirements
reflect the ‘‘capability of the art’’ and not be so loose that
any procedure could be called ‘‘acceptable.’’ The com-
ment regarding ‘‘acceptable’’ (allowing inadequate pro-
cedures to be employed) applies more to the General
Notices before the 2009 change than to Option 1,
which, with the proper acceptance criteria, is intended
to increase the likelihood that adequate procedures will
be developed and implemented.

The three options for direct comparison to the com-
pendial procedure reflect differences in what might need
to be done to demonstrate equivalent or better: com-
parison of validation properties (Option 2), comparison
of the numerical results of analyses (Option 3), or com-
parison of pass/fail decisions (Option 4). Because the
compendial procedure remains conclusive, Option 4
could be viewed as the ‘‘bottom-line’’ comparison be-
cause it directly focuses on whether the item meets the
standard as determined by the alternative method in
comparison to the result from the official procedure.

Any procedure has some risk of wrong decisions, that
is, of either passing an item that does not meet the ac-
ceptance criteria or of failing an item that does meet
the criteria. A procedure well-validated for use in testing
against compendial requirements would be expected to
pass items in the middle of the acceptance interval with
very high probability and to fail items well outside that
interval also with high probability. For items actually near
the limits, on either side, risks of a wrong decision are
higher. Also, if the procedures are not destructive and
the same item is retested, the decision could change, re-
gardless of the procedure. Option 3 seeks sufficiently
similar decisions to those of the compendial procedure
by seeking sufficiently similar quantitative results. Option
2 allows that results from the alternative procedure may
be superior to those from the official procedure in terms
of one or more validation characteristics. If superior, the
alternative procedure may lead to superior decisions—
but ones that have a greater risk of differing from those
based on results from the compendial method.

An alternative to demonstration of equivalent or better
is preferred by USP: If a laboratory has a procedure it
thinks is preferable to the compendial procedure, submit
it with the appropriate validation package to USP as a
proposed revision so it can become a compendial proce-
dure. As stated in the General Notices, ‘‘Alternative pro-
cedures should be submitted to USP for evaluation as a
potential replacement or addition to the standard.’’

Topic #2: Relative merits of the four options. Options 2, 3,
and 4 require the laboratory to conduct a comparative
study of results from the two procedures. This requires
performing both procedures in the laboratory to evalu-
ate equivalent or better results in that laboratory. The val-
idation package used to support the definition of the
compendial procedure is not needed for this evaluation.
When the compendial procedure is already very good,
these studies may need to be very large in order to make
a meaningful evaluation of equivalence. Option 1 does
not require direct comparison to the compendial proce-
dure but instead requires a comparison to critical require-
ments necessary for a procedure to be considered very
good and may be preferable in these circumstances.

Topic #3: Flexibility in choice of approach. Use of an alter-
native procedure can be thought of as adding to the risk
of a wrong decision, as discussed above. The Stimuli rec-
ognizes that there can be advantages for a laboratory to
use an alternative procedure (such as decreased cost or
increased speed) that may be sufficient to make the extra
risk acceptable. The options presented are choices a lab-
oratory can use to control that extra risk by demonstrat-
ing that results from the alternative procedure are
equivalent to or better than those from the compendial
procedure. It is not USP’s intent to specify an approach
but rather to provide information should a laboratory
seek to use an alternative procedure.

Topic #4: Challenges in testing equivalence. USP does not
plan to set acceptance limits for Options 2–4. Statistically
assessing method equivalence (typically by confidence
intervals for comparisons of results) by any of the Options
may be more work than a laboratory wants to do. This is
part of the decision process for using an alternative
procedure. The benefit to the statistical approach (using
confidence intervals instead of point estimates) is the
ability to specify acceptable levels of risks (false deci-
sions). The limits are tied to the level of acceptable risk
and are thus each company’s decision. USP is consider-
ing an informational general chapter about setting ac-
ceptance limits in order to provide guidance.
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CONCLUSIONS

A change to the USP General Notices that became of-
ficial 01 May 2009 calls for alternatives to procedures giv-
en in the compendia to ‘‘give equivalent or better
results’’ by comparison with the compendial procedure.
The acceptable, equivalent, or better Stimuli article pub-
lished in PF 35(3) provides information about approaches
to demonstrate equivalent or better should a company
choose to use an alternative procedure. The statistical
methods for comparing two procedures are the same
as for method transfer, except that in the latter it is one
procedure in two laboratories (instead of two procedures
in one laboratory) that requires consideration (1). The
authors believe that both the acceptable and equivalent
or better approaches described in the Stimuli articles ap-
pearing in PF 35(3) would support consideration of new
general chapters by the Council of Experts in the 2010–

2015 revision cycle. These general chapters would apply
to both procedure transfer and comparison of procedure
results. Beyond these approaches, USP believes that the
larger topic of reliance on noncompendial procedures,
even assuming they are acceptable, merits careful con-
sideration and perhaps revision of applicable General
Notices statements. Optimally, as noted above, an
equivalent or better procedure should enter the compen-
dia.

REFERENCE

1. Quattrocchi O, Martin G, Runser D, Iser R, Xi F, Pappa H.
Transfer of analytical procedures: a proposal for a new gen-
eral information chapter. Pharm Forum. 2009;35(5):1380–
1382.
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that
incorporate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Pro-
posed and Recommended International Nonproprietary Names (INN) when they have been announced by the World
Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on
how nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomen-
clature issues that also occasionally report on related matters pertaining to USAN and INN.
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USP Dictionary of USAN and International Drug Names
2010 USP DICTIONARY SUPPLEMENT 1

IMPORTANT—Save this Supplement. This and all supplements appearing in PF are needed to keep the 2010 edition of the USP Dic-
tionary (USPD) up-to-date. The cumulative contents of the supplements to the current (2010) edition will be included in the next
complete edition of the Dictionary.

Newly Approved United States Adopted Names (USAN), Released for
Publication

The following are newly established United States Adopted Names (USAN). These names will not be listed cumulatively;
see preceding and succeeding numbers of PF for other new USAN to supplement the Dictionary main volume.

AbobotulinumtoxinA [2009] (ab’’ oh bot’’ ue lye’ num tox’’ in
ay’’). (1) Neurotoxin (Clostridium botulinum A strain Hall hea-
vy chain), complex with hemagglutinin (Clostridium botuli-
num A strain Hall) and neurotoxin (Clostridium botulinum A
strain Hall light chain) and protein NTNH (nontoxin nonhe-
magglutinin) (Clostridium botulinum A strain Hall); (2) Mix-
ture of botulinum neurotoxin type A (BoNT/A, EC
3.4.24.69, Bontoxilysin-A), hemagglutinin component
HA33 and botulinum neurotoxin type A1, nontoxic-nonhe-
magglutinin component, NTNH (EC 3.4.24.69, type A pro-
genitor toxin nontoxic-nonHa), components of the
neurotoxin complex (Clostridium botulinum A strain Hall).
CAS-953397-35-8. Treatment of cervical dystonia and glabel-
lar lines. Dysport (Ipsen Biopharm); Reloxin (Ipsen Bio-
pharm); Azzalure (Ipsen Biopharm) CNT52120

Azficel-T [2009] (az fye’ sel tee). Autologous cell therapy com-
posed of a suspension of autologous cultured fibroblast-
s.Treatment of nasolabial fold wrinkles. Laviv (Fibrocell
Science) IT

Benralizumab [2009] (ben’’ ra liz’ oo mab).
C6492H10060N1724O2028S42. (1) Immunoglobulin G1, anti-(hu-
man interleukin 5 receptor a-chain) (human-mouse mono-
clonal MEDI-563 heavy chain), disulfide with human-mouse
monoclonal MEDI-563 �-chain, dimer; (2) Immunoglobulin
G1, anti-(human interleukin-5 receptor subunit alpha (IL-
5R-alpha, CD125)); humanized mouse monoclonal MEDI-
523 g1 heavy chain (224-214’)-disulfide with humanized
mouse monoclonal MEDI-523 � light chain, dimer (230-
230’’:233-233’’)-bisdisulfide. Molecular weight is approxi-
mately 146,000 daltons. CAS-1044511-01-4. INN. Treat-
ment of asthma. MEDI-563

Carglumic Acid [2009] (kar gloo’ mik as’ id). C6H10N2O5.
190.15. (1) L-Glutamic acid, N-(aminocarbonyl)-; (2) N-Car-
bamoyl-L-glutamic acid. CAS-1188-38-1. INN. Treatment of
hyperammonemia due to N-acetylglutamate synthase (NAGS)
deficiency. Carbaglu (Orphan Europe, SARL) OE 312 (la-
boratory code designation)

Cenicriviroc [2009] (sen’’ i kri vir’ ok). C41H52N4O4S. 696.90.
(1) 1-Benzazocine-5-carboxamide, 8-[4-(2-butoxyethoxy)-
phenyl]-1,2,3,4-tetrahydro-1-(2-methylpropyl)-N-[4-[(S)-
[(1-propyl-1H-imidazol-5-yl)methyl]sulfinyl]phenyl]-; (2)
(S)-8-[4-(2-Butoxyethoxy)phenyl]-1-(2-methylpropyl)-N-
(4-{[(1-propyl-1H-imidazol-5-yl)methyl]sulfinyl}phenyl)-
1,2,3,4-tetrahydro-1-benzazocine-5-carboxamide.CAS-
497223-25-3. Treatment of HIV infection and arthritis. TBR-
652; TAK-652

Clevidipine [2009] (klev id’ i peen). C21H23Cl2NO6. 456.32. (1)
3,5-Pyridinedicarboxylic acid, 4-(2,3-dichlorophenyl)-1,4-
dihydro-2,6-dimethyl-, methyl (1-oxobutoxy)methyl ester;
(2) (Butanoyloxy)methyl methyl (4RS)-4-(2,3-dichlorophe-
nyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate.-
CAS-167221-71-8. INN. Antihypertensive. Cleviprex (The
Medicines Company) H324/38
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Cobicistat [2009] (koe bis’ i stat). C40H53N7O5S2. 776.00. (1)
2,7,10,12-Tetraazatridecanoic acid, 12-methyl-13-[2-(1-
methylethyl)-4-thiazolyl]-9-[2-(4-morpholinyl)ethyl]-8,11-
dioxo-3,6-bis(phenylmethyl)-, 5-thiazolylmethyl ester,
(3R,6R,9S)-; (2) Thiazol-5-ylmethyl [(1R,4R)-1-benzyl-4-
({(2S)-2-[(methyl{[2-(1-methylethyl)thiazol-4-yl]methyl}-
carbamoyl)amino]-4-(morpholin-4-yl)butanoyl}amino)-5-
phenylpentyl]carbamate; (3) 5-Thiazolylmethyl [(1R,4R)-4-
[[2-[[methyl[[(2S)-2-(1-methylethyl)-4-thiazolyl]methyl]-
carbamoyl]amino]-4-(4-morpholinyl)-1-oxobutyl]amino]-
2,4-bis(phenylmethyl)butyl]carbamate.CAS-1004316-88-
4. Treatment of HIV-1 infection. GS-9350

Crizotinib [2009] (kriz oh’ ti nib). C21H22Cl2FN5O. 450.30. (1)
2-Pyridinamine, 3-[(1R)-1-(2,6-dichloro-3-fluoropheny-
l)ethoxy]-5-[1-(4-piperidinyl)-1H-pyrazol-4-yl]-; (2) 3-
[(1R)-1-(2,6-Dichloro-3-fluorophenyl)ethoxy]-5-[1-(piperi-
din-4-yl)-1H-pyrazol-4-yl]pyridin-2-amine. CAS-877399-
52-5. Oncology. PF-02341066

Dalotuzumab [2009] (dal’’ oh tooz’ oo mab).
C6528H10086N1730O2018S40. (1) Immunoglobulin G1, anti-
(human insulin-like growth factor I receptor) (human-
mouse monoclonal heavy chain), disulfide with human-
mouse monoclonal �-chain, dimer; (2) Immunoglobulin
G1, anti-(human insulin-like growth factor 1 receptor
(EC.2.7.10.1 or CD221); humanized mouse monoclonal
g1 heavy chain (220-219’)-disulfide with humanized
mouse monoclonal � light chain, dimer (226-226’’:229-
229’’)-bisdisulfide. Molecular weight is approximately
146,400 daltons. CAS-1005389-60-5. INN. Oncology.

MK-0646

Demiditraz [2009] (dem id’ i traz). C13H16N2. 200.28. (1) 1H-
Imidazole, 2-[(1S)-1-(2,3-dimethylphenyl)ethyl]; (2) 2-
[(1S)-1-(2,3-Dimethylphenyl)ethyl]-1H-imidazole. CAS-
944263-65-4. INN. Topical veterinary acaricide/tick repel-
lent. PF-3814927

Drozitumab [2009] (droe zit’ ue mab).
C6334H9792N1700O2000S42 (peptide). (1) Immunoglobulin
G1, anti-(human citokine receptor DR5 (death receptor
5)) (human monoclonal heavy chain), disulfide with hu-
man l3-chain, dimer; (2) Immunoglobulin G1, anti-(hu-

man tumor necrosis factor receptor superfamily member
10B (death receptor 5, TRAIL-R2, CD262 antigen); [113-ly-
sine,116-threonine,360-glutamic acid,362-methionine]-
human monoclonal g1 heavy chain (224-212’)-disulfide
with human monoclonal l3 light chain (230-230’’:233-
233’’)-bisdisulfide dimer. Molecular weight is approxi-
mately 143,100 daltons. CAS-912628-39-8. Oncology.

PRO95780; anti-DR5; rhuMAB DR5

Dulaglutide [2009] (doo’’ la gloo’ tide).
C2646H4044N704O836S18. (1) 7-37-Glucagon-like peptide I [8-
glycine,22-glutamic acid,36-glycine] (synthetic human)
fusion protein with peptide (synthetic 16-amino acid link-
er) fusion protein with immunoglobulin G4 (synthetic hu-
man Fc fragment), dimer; (2) [Gly8,Glu22,Gly36]Human glu-
cagon-like peptide 1-(7-37)-peptidyltetraglycyl-L-
seryltetraglycyl-L-seryltetraglycyl-L-seryl-L-alanyldes-Lys229-
[Pro10,Ala16,Ala17]human immunoglobulin heavy constant
g4 chain H-CH2-CH3 fragment, (55-55’:58-58’)-bisdisul-
fide dimer. Molecular weight is approximately 59,670 dal-
tons. CAS-923950-08-7. Treatment of Type II diabetes.

LY2189265

Edoxaban [2009] (e dox’ a ban). C24H30ClN7O4S. 548.06. (1)
Ethanediamide, N1-(5-chloro-2-pyridinyl)-N2-[(1S,2R,4S)-
4-[(dimethylamino)carbonyl]-2-[[(4,5,6,7-tetrahydro-5-
methylthiazolo[5,4-c]pyridin-2-yl)carbonyl]amino]cyclo-
hexyl]-; (2) N-(5-Chloropyridin-2-yl)-N’-[(1S,2R,4S)-4-
(N,N-dimethylcarbamoyl)-2-(5-methyl-4,5,6,7-tetrahy-
dro[1,3]thiazolo[5,4-c]pyridine-2-carboxamido)cyclohex-
yl]oxamide. CAS-480449-70-5. INN. Prophylaxis of
thromboembolic complications associated with atrial fibrilla-
tion, treatment and prevention of VTE. DU-176

Edoxaban Tosylate [2009] (e dox’ a ban tos’ i late). C24H30-
ClN7O4S.C7H8O3S. 720.30. [Edoxaban Tosilate Hydrate is
JAN.] (1) Ethanediamide, N1-(5-chloro-2-pyridinyl)-N2-
[(1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-[[(4,5,6,7-tet-
rahydro-5-methylthiazolo[5,4-c]pyridin-2-yl)carbonyl]ami-
no]cyclohexyl]-, 4-methylbenzenesulfonate (1:1); (2) N-(5-
Chloropyridin-2-yl)-N’-[(1S,2R,4S)-4-(N,N-dimethylcarba-
moyl)-2-(5-methyl-4,5,6,7-tetrahydro[1,3]thiazolo[5,4-
c]pyridine-2-carboxamido)cyclohexyl]oxamide, 4-methyl-
benzenesulfonate. CAS-480449-71-6. Prophylaxis of throm-
boembolic complications associated with atrial fibrillation,
treatment and prevention of VTE. DU-176b
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Eliglustat [2009] (el’’ i gloo’ stat). C23H36N2O4. 404.50. (1)
Octanamide, N-[(1R,2R)-2-(2,3-dihydro-1,4-benzodioxin-
6-yl)-2-hydroxy-1-(1-pyrrolidinylmethyl)ethyl]-; (2) N-
[(1R,2R)-2-(2,3-Dihydro-1,4-benzodioxin-6-yl)-2-hydroxy-
1-(pyrrolidin-1-ylmethyl)ethyl]octanamide.CAS-491833-
29-5. Treatment of lysosomal storage disorders. Genz-99067

Flurpiradaz F 18 [2009] (flur pir’ a daz). C18H22Cl[18F]N2O3.
367.80. (1) 3(2H)-Pyridazinone, 4-chloro-2-(1,1-dimeth-
ylethyl)-5-[[4-[[2-(fluoro-18F)ethoxy]methyl]phenyl]-
methoxy]-; (2) 4-Chloro-2-(1,1-dimethylethyl)-5-({4-[(2-
[18F]fluoroethoxy)methyl]phenyl}methoxy)pyridazin-3(2H)-
one. CAS-863887-89-2. Diagnostic imaging agent. BMS-
747158-02

Fosdevirine [2009] (fos’’ de vir’ een). C20H17ClN3O3P. 413.80.
(1) Phosphinic acid, P-[2-(aminocarbonyl)-5-chloro-1H-in-
dol-3-yl]-P-[3-[(1E)-2-cyanoethenyl]-5-methylphenyl]-,
methyl ester, [P(R)]-; (2) Methyl (R)-P-(2-carbamoyl-5-
chloro-1H-indol-3-yl)-P-{3-[(1E)-2-cyanoethenyl]-5-methyl-
phenyl}phosphinate; (3) (2-Carbamoyl-5-chloro-1H-indol-
3-yl)-[3-(E)-2-cyanovinyl-5-methylphenyl]-(R)-phosphinic
ac id methyl es ter. CAS-1018450-26-4 . Ant iv i ra l .

GSK2248761A

Girentuximab [2009] (jir’’ en tux’ i mab).
C6460H10006N1718O2018S48. (1) Immunoglobulin G1, anti-(hu-
man antigen MN) (human-mouse monoclonal cG250 hea-
vy chain), disulfide with human-mouse monoclonal cG250
�-chain, dimer; (2) Immunoglobulin G1, anti-(human car-
bonic anhydrase 9 (EC 4.2.1.1, CAIX, membrane antigen
MN, RCC-associated antigen G250 or pMW1)); chimeric
mouse-human monoclonal cG250 g1 heavy chain [mouse
IGHV5-6-2*01-human IGHG1*01] (222-214’)-disulfide with
chimeric mouse-human monoclonal cG250 � light chain
[mouse IGKV6-13*01-human IGKC*01], dimer (228-
228’’:231-231’’)-bisdisulfide. Molecular weight is approxi-
mately 145,600 daltons. CAS-916138-87-9. INN. Treatment
of renal cell cancer. Rencarex (Wilex, AG) WX-G250; cG250

IncobotulinumtoxinA [2009] (in’’ koe bot’’ ue lye’ num tox’’ in
ay ’ ’ ) . C 2 2 8 6 H 3 5 0 0 N 5 7 8 O 6 6 6 S 9 ( l ight cha in) C 4 4 2 2 -
H6863N1151O1329S23 (heavy chain). (1) Botulinum Toxin A;
(2) Highly purified Botulinum neurotoxin type A (free from
complexing proteins). Molecular weight is approximately
150,000 daltons. CAS-93384-43-1. Treatment of spasticity,
cervical dystonia, benign essential blepharospasm and glabel-
lar lines. Xeomin (Merz); Bocouture (Merz) NT 201

Iodine I 124 Girentuximab [2009] (eye’ oh dine jir’’ en tux’ i
mab). C6460H;i(10006-n;i)

124InN1718O2018S48. (1) Immunoglo-
bulin G1, anti-(human antigen MN) (human-mouse mono-
clonal cG250 heavy chain), disulfide with human-mouse
monoclonal cG250 �-chain, dimer, labeled with iodine-
124; (2) Immunoglobulin G1, anti-(human carbonic anhy-
drase 9 (EC 4.2.1.1, CAIX, membrane antigen MN, RCC-as-
sociated antigen G250 or pMW1)); chimeric mouse/human
monoclonal cG250 g1 heavy chain [mouse IGHV5-6-2*01-
human IGHG1*01] (222-214’)-disulfide with chimeric
mouse/human monoclonal cG250 � light chain [mouse
IGKV6-13*01-human IGKC*01], dimer (228-228’’:231-
231’’)-bisdisulfide covalently (124I)iodinated mainly on posi-
tion 3 of thyrosine residues. Molecular weight is approxi-
mately 145,700 daltons. CAS-1011710-99-8. INN.
Diagnosis of clear cell renal cancer. Redectane (IBA Molecular)

124IcG250

Lorvotuzumab Mertansine [2009] (lor’’ voe tooz’ oo mab).
C6504H10074N1758O2004S46 (C40H55ClN3O11S2)n. (1) Immuno-
globulin G1, anti-(human cell adhesion molecule NCAM
(neural cell adhesion molecule)) (human-mouse monoclo-
nal huN901 heavy chain), disulfide with human-mouse
monoclonal huN901 light chain, dimer, tetraamide with
N2’-[3-[(3-carboxy-1-methylpropyl)dithio]-1-oxopropyl]-
N2’-deacetylmaytansine; (2) Immunoglobulin G1, anti-(hu-
man neural cell adhesion molecule 1 (NCAM-1, CD56)); hu-
manized mouse monoclonal huN901 g1 heavy chain (221-
219’)-disulfide with humanized mouse monoclonal huN901
� light chain dimer (227-227’’:230-230’’)-bisdisulfide, con-
jugate at the 6-amino groups of an average of four lysine
residues forming an amide bond with (4RS)-4-[(3-{[(1S)-2-
{[(1S,2R,3S,5S,6S,16E,18E,20R,21S)-11-chloro-21-hydroxy-
12,20-dimethoxy-2,5,9,16-tetramethyl-8,23-dioxo-4,24-
dioxa-9,22-diazatetracyclo[19.3.1.110,14.03,5]hexacosa-
10,12,14(26),16,18-pentaen-6-yl]oxy}-1-methyl-2-ox-
oethyl]methylamino}-3-oxopropyl)disulfanyl]pentanoyl]
groups. Molecular weight is approximately 149,800 daltons
(for n = 4). CAS-1008106-64-6. Oncology. huN901-DM1;
BB-10901; IMGN901

Maraciclatide [2009] (mar’’ a sik’ la tide). C72H120N20O21S3.
1698.00. (1) L-Cysteinamide, N6-[5-[[5-[[2-(hydroxyimino)-
1,1-dimethylpropyl]amino]-3-[2-[[2-(hydroxyimino)-1,1-di-
methylpropyl]amino]ethyl]pentyl]amino]-1,5-dioxopentyl]-
N2-(2-mercaptoacetyl)-L-lysyl-L-cysteinyl-L-arginylglycyl-L-a-
aspartyl-L-cysteinyl-L-phenylalanyl-N-(17-amino-13,17-di-
oxo-3,6,9,15-tetraoxa-12-azaheptadec-1-yl)-, cyclic (1?8)-
thioether, cyclic (2?6)-disulfide; (2) 6-N-(5-{[5-{[2-(Hydro-
xyimino)-1,1-dimethylpropyl]amino}-3-(2-{[2-(hydroxyimi-
no)-1,1-dimethylpropyl]amino}ethyl)pentyl]amino}-5-oxo-
pentanoyl)-2-N-(2-sulfanylacetyl)-L-lysyl-L-cysteinyl-L-argi-
nylglycyl-L-a-aspartyl-L-cysteinyl-L-phenylalanyl-1-N-(17-
amino-13,17-dioxo-3,6,9,15-tetraoxa-12-azaheptadecyl)-
L-cysteinamide cyclic (2?6)-disulfide cyclic (1?8)-
thioether. CAS-489427-17-0. Diagnostic radio-pharmaceuti-
cal. NC 100692
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Mibampator [2009] (mye bam’ pa tor). C21H30N2O4S2.
438.60. (1) 2-Propanesulfonamide, N-[(2R)-2-[4’-[2-
[ ( methylsulfonyl ) amino ] ethyl ] [ 1,1 ’- biphenyl]-4-yl]pro-
pyl]-; (2) N-[(2R)-2-(4’-{2-[(Methylsulfonyl)amino]ethyl}bi-
phenyl-4-yl)propyl]propane-2-sulfonamide.CAS-375345-
95-2. Agitation/aggression associated with Alzheimer’s dis-
ease. LY451395

Modithromycin [2009] (moe dith’’ roe mye’ sin).
C43H64N6O11. 841.00. (1) Erythromycin, 9-(acetylimino)-
3-de[(2,6-dideoxy-3-C-methyl-3-O-methyl-a-L-ribo-hexo-
pyranosyl)oxy]-9-deoxo-3-oxo-6,11-O-[(2E)-2-[[[6-(1H-
pyrazol-1-yl)-3-pyridinyl]methoxy]imino]-1,3-propane-
diyl]-, (9E)-; (2) N-[(1R,2R,3R,6R,8R,9R,10R,13E,16-
S,17E,18R)-3-Ethyl-2-hydroxy-2,6,8,10,16,18-hexam-
ethyl-5,7-dioxo-13-({[6-(1H-pyrazol-1-yl)pyridin-3-yl]-
methoxy}imino)-9-{[3,4,6-trideoxy-3-(dimethylamino)-b-
D-xylo-hexopyranosyl]oxy}-4,11,15-trioxabicyclo[8.5.4]-
nonadecane-17-ylidene]acetamide.CAS-736992-12-4.
INN. Antibiotic. EDP-420

Naproxen Etemesil [2009] (na prox’ en et’’ e me’ sil).
C17H20O5S. 336.40. (1) 2-Naphthaleneacetic acid, 6-me-
thoxy-a-methyl-, 2-(methylsulfonyl)ethyl ester, (aS)-; (2)
2-(Methylsulfonyl)ethyl (2S)-2-(6-methoxynaphthalen-2-
yl)propanoate. CAS-385800-16-8. Rheumatoid arthritis, os-
teoarthritis, ankylosing spondylitis. LT-NS001; MX-1094

Navitoclax [2009] (na vit’ oh klax). C47H55ClF3N5O6S3.
974.60. (1) Benzamide, 4-[4-[[2-(4-chlorophenyl)-5,5-di-
methyl-1-cyclohexen-1-yl]methyl]-1-piperazinyl]-N-[[4-
[[(1R)-3-(4-morpholinyl)-1-[(phenylthio)methyl]propyl]a-
mino]-3-[(trifluoromethyl)sulfonyl]phenyl]sulfonyl]-; (2) 4-
(4-{[2-(4-Chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yl]-
methyl}piperazin-1-yl)-N-({4-({(1R)-3-(morpholin-4-yl)-1-
[(phenylsulfanyl)methyl]propyl}amino)-3-[(trifluoro-
methyl)sulfonyl]phenyl}sulfonyl)benzamide; (3) 4-(4-{[2-
(4-Chlorophenyl)-5,5-dimethylcyclohex-1-en-1-yl]-
methyl}piperazin-1-yl)-N-[(4-{[(2R)-4-(morpholin-4-yl)-1-
(phenylsulfanyl)butan-2-yl]amino}-3-[(trifluoromethyl)sul-
fonyl]phenyl)sulfonyl]benzamide.CAS-923564-51-6. Treat-
ment of cancer. ABT-263; A-855071.0

Necitumumab [2009] (ne’’ si toom’ oo mab).
C6436H9958N1702O2020S42. (1) Immunoglobulin G1, anti-
(human epidermal growth factor receptor) (human mono-
clonal IMC-11F8 g1-chain), disulfide with human mono-
clonal IMC-11F8 �-chain, dimer; (2) Immunoglobulin
G1, anti-(human epidermal growth factor receptor (recep-
tor tyrosine-protein kinase ErbB-1, EC 2.7.10.1)); human
monoclonal IMC-11F8 g1 heavy chain (224-214’)-disulfide
with human monoclonal IMC-11F8 � light chain, dimer
(230-230’’:233-233’’)-bisdisulfide. Molecular weight is ap-
proximately 144,800 daltons (peptide). CAS-906805-06-9.
INN. Treatment of cancer. IMC-11F8

Ocriplasmin [2009] (ok’’ ri plaz’ min). C1214H1890N338O348S14.
(1) Plasmin, micro- (synthetic human); (2) Truncated hu-
man plasmin: human plasmin heavy chain A-(543-561)-
peptide (548-666;558-566)-bisdisulfide with human plas-
min light chain B. Molecular weight is approximately
27,240 daltons. CAS-1048016-09-6. INN. Agent for phar-
macologic vitreolysis; thrombolytic agent; microplasmin

Olaratumab [2009] (oh’’ lar at’ ue mab).
C6554H10076N1736O2048S40. (1) Immunoglobulin G1, anti-
(human platelet-derived growth factor receptor a) (human
monoclonal 3G3 g-chain), disulfide with human monoclo-
nal 3G3 �-chain, dimer; (2) Immunoglobulin G1, anti-(hu-
man alpha-type platelet-derived growth factor receptor
(EC 2.7.10.1, PDGF-R-alpha, CD140 antigen-like family
member A or CD140a antigen)); human monoclonal
3G3 g1 heavy chain (230-214’)-disulfide with human
monoclonal 3G3 � light chain dimer (236-236’’:239-
239’’)-bisdisulfide. Molecular weight is approximately
147,200 daltons. CAS-1024603-93-7. Treatment of solid tu-
mors. IMC-3G3; IMC3G3

Rifamycin Sodium [2009] (rif’’ a mye’ sin soe’ dee um).
C37H46NNaO1 2. 719.80. (1) 2,7-(Epoxypentade-
ca[1,11,13]trienimino)naphtho[2,1-b]furan-1,11(2H)-
dione, 5,6,9,17,19,21-hexahydroxy-23-methoxy-
2,4,12,16,18,20,22-heptamethyl-, 21-acetate, sodium salt
( 8 C I ) ; ( 2 ) S o d i u m ( 2 S , 1 2 Z , 1 4 E , 1 6 S ,
17S,18R,19R,20R,21S,22R,23S,24E)-21-(acetyloxy)-
6,9,17,19-tetrahydroxy-23-methoxy-2,4,12,16,18,20,22-
heptamethyl-1,11-dioxo-1,2-dihydro-2,7-(epoxypentade-
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ca[1,11,13]trienimino)naphtho[2,1-b]furan-5-olate. CAS-
14897-39-3. Treatment of traveler’s diarrhea. CB-01-11, Ri-
famycin SV

Ruxolitinib [2009] (rux’’ oh li’ ti nib). C17H18N6. 306.40. (1) 1H-
Pyrazole-1-propanenitrile, b-cyclopentyl-4-(7H-pyrrolo[2,3-
d]pyrimidin-4-yl)-, (bR)-; (2) (3R)-3-Cyclopentyl-3-[4-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl]propaneni-
trile. CAS-941678-49-5. Treatment of cancer. INCB018424

Sapacitabine [2009] (sap’’ a sye’ ta been). C26H42N4O5.
490.64. (1) Hexadecanamide, N-[1-(2-cyano-2-deoxy-b-D-
arabinofuranosyl)-1,2-dihydro-2-oxo-4-pyrimidinyl]-; (2)
N-[1-(2-Cyano-2-deoxy-b-D-arabinofuranosyl)-2-oxo-1,2-
dihydropyrimidin-4-yl]hexadecanamide.CAS-151823-14-2.
INN. Antineoplastic. CYC682; CS-682

Selumetinib [2009] (sel’’ ue me’ ti nib). C17H15BrClFN4O3.
457.70. (1) 1H-Benzimidazole-6-carboxamide, 5-[(4-bro-
mo-2-chlorophenyl)amino]-4-fluoro-N-(2-hydroxyethoxy)-
1-methyl-; (2) 5-[(4-Bromo-2-chlorophenyl)amino]-4-
fluoro-N-(2-hydroxyethoxy)-1-methyl-1H-benzimidazole-6-
carboxamide. CAS-606143-52-6. INN. Antineoplastic.

AZD6244

Selumetinib Sulfate [2009] (sel’’ ue me’ ti nib sul’ fate).
C17H15BrClFN4O3.H2O4S. 555.80. (1) 1H-Benzimidazole-6-
carboxamide, 5-[(4-bromo-2-chlorophenyl)amino]-4-
fluoro-N-(2-hydroxyethoxy)-1-methyl-, sulfate (1:1); (2) 5-
[(4-Bromo-2-chlorophenyl)amino]-4-fluoro-N-(2-hydrox-
yethoxy)-1-methyl-1H-benzimidazole-6-carboxamide sul-
fate. CAS-943332-08-9. Antineoplastic. AZD6244 Hydrogen
Sulfate; AZD6244 Hyd-Sulfate

Siltuximab [2009] (sil tux’ i mab). C6450H9932N1688O2016S50. (1)
Immunoglobulin G1, anti-(human interleukin 6) (human-
mouse monoclonal CNTO 328 heavy chain), disulfide with

human-mouse monoclonal CNTO 328 �-chain, dimer; (2)
Immunoglobulin G1, anti-(human interleukin 6 (BSF-2, in-
terferon beta-2)); human-mouse chimeric monoclonal
CNTO 328 g1 heavy chain (222-213’)-disulfide with hu-
man-mouse chimeric monoclonal CNTO 328 � light chain,
dimer (228-228’’:231-231’’)-bisdisulfide. Molecular weight
is approximately 147,700 daltons. CAS-541502-14-1. INN.
Antineoplastic. CNTO-328

Taliglucerase Alfa [2009] (tal’’ i gloo’ ser ase al’ fa).
C2580H3918N680O727S17. (1) Ceramidase, glucosyl-; (2) L-Glu-
tamyl-L-phenylalanyl-[495(497)-L-histidine(R>H)]human
glucosylceramidase (beta-glucocerebrosidase) peptide with
L-aspartyl-L-leucyl-L-leucyl-L-valyl-L-aspartyl-L-threonyl-L-me-
thionine, glycosylated peptide 1-506. Molecular weight is
approximately 56,640 daltons (peptide). CAS-37228-64-1.
INN. Treatment of Gaucher disease. prGCD

Taprenepag [2009] (ta pren’ e pag). C24H22N4O5S. 478.50. (1)
Acetic acid, 2-[3-[[[[4-(1H-pyrazol-1-yl)phenyl]methyl](3-
pyridinylsulfonyl)amino]methyl]phenoxy]-; (2) 2-(3-{[{[4-
(1H-Pyrazol-1-yl)phenyl]methyl}(pyridin-3-ylsulfonyl)ami-
no]methyl}phenoxy)acetic acid. CAS-752187-80-7. Intra-
ocular pressure lowering agent. CP-544326; PF-04217329

Tegobuvir [2009] (teg’’ oh bue’ vir). C25H14F7N5. 517.40. (1)
5H-Imidazo[4,5-c]pyridine, 5-[[6-[2,4-bis(trifluoromethyl)-
phenyl]-3-pyridazinyl]methyl]-2-(2-fluorophenyl)-; (2) 5-
({6-[2,4-Bis(trifluoromethyl)phenyl]pyridazin-3-yl}methyl)-
2-(2-fluorophenyl)-5H-imidazo[4,5-c]pyridine. CAS-
1000787-75-6. Treatment of chronic hepatitis C. GS-9190;
GS-333126

Teprotumumab [2009] (tep’’ roe toom’ oo mab).
C6476H10012N1748O2000S40. (1) Immunoglobulin G1, anti-(hu-
man insulin-like growth factor I receptor)(human monoclo-
nal heavy chain), disulfide with human monoclonal light
chain, dimer; (2) Immunoglobulin G1, anti-(human insu-
lin-like growth factor 1 receptor (CD221)), human mono-
clonal IMC-11F8 g1 heavy chain (221-215’)-disulfide with
human monoclonal IMC-11F8 � l ight, dimer (227-
227’’:230-230’’)-bisdisulfide; (3) Immunoglobulin G1-kap-
pa, anti-[Homo sapiens insulin-like growth factor 1 receptor
(IGF1R, IGF-1R, IGF-1 receptor, CD221)], Homo sapiens
monoclonal antibody; gamma1 heavy chain (1-448) [Homo
sapiens VH (IGHV3-33*01 (91.80%) -(IGHD)-IGHJ2*01)
[8.8.11] (1-118) -IGHG1*01 (119-448)], (221-215’)-di-
sulfide with � light chain (1’-215’) [Homo sapiens V-KAPPA
(IGKV3-11*01 (97.90%) -IGKJ1*01) [6.3.10] (1’-108’) -
IGKC*01 (109’-215’)]; (227-227’’:230-230’’)-bisdisulfide di-
mer. Molecular weight is approximately 145,600 daltons.
CAS-89957-37-9. INN. Treatment of solid and hematologic tu-
mors. RO4858696-000
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Tipapkinogene Sovacivec [2009] (tip’’ a kin’ oh jeen soe vas’
i vek). (1) An attenuated recombinant vaccinia viral vector
(derived from the Modified Virus Ankara clone 33.1,
MVATG33.1) containing an approximately 168 kilobase-
pair DNA genome encoding itself, human interleukin-2
(IL-2) and mutated-forms of the Human Papilloma Virus
16 (HPV-16) E6 and E7 antigens; (2) DNA (synthetic vacci-
nia virus strain MVA human papillomavirus-targeted). CAS-
1052105-48-2. INN. Generates immune response; treatment
of cervical cancer. TG-4001

Tosedostat [2009] (toe sed’ oh stat). C21H30N2O6. 406.47. (1)
Benzeneacetic acid, a-[[(2R)-2-[(1S)-1-hydroxy-2-(hydrox-
yamino)-2-oxoethyl]-4-methyl-1-oxopentyl]amino]-, cy-
clopentyl ester, (aS)-; (2) Cyclopentyl (2S)-2-{(2R)-2-
[(1S)-1-hydroxy-2-(hydroxyamino)-2-oxoethyl]-4-methyl-
pentanamido}-2-phenylacetate.CAS-238750-77-1. INN.
Antineoplastic. CHR-2797

Tralokinumab [2009] (tral’’ oh kin’ ue mab).
C6374H9822N1698O2014S44. (1) Immunoglobulin G4, anti-
(human interleukin 13) (human monoclonal CAT-354 hea-
vy chain), disulfide with human monoclonal CAT-354 light
chain, dimer; (2) Immunoglobulin G4, anti-(human inter-
leukin 13 (IL-13)); human monoclonal CAT-354 g4 heavy
chain (136-213’)-disulfide with human monoclonal CAT-
354 l2 light chain, dimer (227-227’’:230-230’’)-bisdisul-
fide. Molecular weight is approximately 143,870 daltons.
CAS-1044515-88-9. INN. Treatment of asthma and inflam-
matory diseases. CAT-354

Trastuzumab Emtansine [2009] (tras tooz’ oo mab em tan’
seen). C6448H9948N1720O2012S44 . (C47H62ClN4O13S)n. (1) Im-
munoglobulin G1, anti-(human p185neu receptor) (hu-
man-mouse monoclonal rhuMab HER2 g1-chain),
disulfide with human-mouse monoclonal rhuMab HER2
light chain, dimer, tetraamide with N2’-[3-[[1-[(4-carboxy-
cyclohexyl)methyl]-2,5-dioxo-3-pyrrolidinyl]thio]-1-oxo-
propyl]-N2’-deacetylmaytansine; (2) Immunoglobulin G1,
anti-(human receptor tyrosine-protein kinase erbB-2 (EC
2.7.10.1,p185erbB2, MLN 19 or CD340)); humanized
mouse monoclonal rhuMab HER2 g1 heavy chain (223-
214’)-disulfide with humanized mouse monoclonal rhu-
Mab HER2 rhuMab HER2 rhuMab HER2 � light chain, di-
mer (229-229’’:232-232’’)-bisdisulfide in which the 6-
amino groups of an average of 3.5 lysine residues are ami-
d ified by 4- ( {3 - [ (3 - { [ (1S ) -2 - { [ (1S , 2R ,3S ,5S , 6S ,
16E,18E,20R,21S)-11-chloro-21-hydroxy-12,20-di-
methoxy-2,5,9,16-tetramethyl-8,23-dioxo-4,24-dioxa-
9,22-diazatetracyclo[19.3.1.11 0 , 1 4 .03 , 5 ]hexacosa-
10,12,14(26),16,18-pentaen-6-yl]oxy}-1-methyl-2-ox-
oethyl]methylamino}-3-oxopropyl)sulfanyl]-2,5-dioxopyr-
rolidin-1-yl}methyl)cyclohexylcarbonyl groups. Molecular
weight is approximately 148,500 daltons. CAS-1018448-
65-1. Treatment of cancer. PRO132365; trastuzumab-
MCC-DM1; T-DM1

Udenafil [2009] (ue den’ a fil). C25H36N6O4S. 516.66. (1)
Benzenesulfonamide, 3-(6,7-dihydro-1-methyl-7-oxo-3-
propyl-1H-pyrazolo[4,3-d]pyrimidin-5-yl)-N-[2-(1-methyl-
2-pyrrolidinyl)ethyl]-4-propoxy-; (2) 3-(1-Methyl-7-oxo-3-
propyl-4,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)-N-
{2- [ ( 2RS)-1-methylpyrrolidin-2-yl ] ethyl } -4-propoxyben-
zenesulfonamide.CAS-268203-93-6. INN. Treatment of
erectile dysfunction. DA-8159

Ulimorelin [2009] (ue’’ li moe rel’ in). C30H39FN4O4. 538.70.
(1) D-Phenylalanine, (2S)-N-[(2R)-2-[2-(3-aminopropyl)-
phenoxy]propyl]-2-cyclopropylglycyl-N-methyl-D-alanyl-
4-fluoro-, (3?1)-lactam; (2) (2R,5S,8R,11R)-5-Cyclopro-
pyl-11-[(4-fluorophenyl)methyl]-2,7,8-tr imethyl-
2,3,4,5,7,8,10,11,13,14,15,16-dodecahydro-6H-
1,4,7,10,13-benzoxatetraazacyclooctadecine-6,9,12-tri-
one.CAS-842131-33-3. Treatment of gastrointestinal moti-
lity disorders. TZP-101

Umirolimus [2009] (ue’’ mir oh’ li mus). C55H87NO14. 986.30.
(1) Rapamycin, 42-O-(2-ethoxyethyl)-; (2) (3S,6R,7E,9R,
10R,12R,14S,15E,17E,19E,21S,23S,26R,27R,34aS)-3-
{(1R)-2-[(1S,3R,4R)-4(2-Ethoxyethoxy)-3-methoxycyclo-
hexyl]-1-methylethyl}-9,27-dihydroxy-10,21-dimethoxy-
6,8,12,14,20,26-hexamethyl - 3, 4, 9, 10,12,13,14, 21, 22,
23,24,25,26,27,32,33,34,34a-octadecahydro-23,27-ep-
oxy-5H -pyr ido[2,1-c ] [1,4] oxazahentr iacont ine-
1,5,11,28,29(6H,31H)-pentone; (3) (3S,6R,7E,9R,
10R,12R,14S,15E,17E,19E,21S,23S,26R,27R,34aS)-
9,10,12,13,14,21,22,23,24,25,26,27,32,33,34,34a-Hexa-
decahydro-9,27-dihydroxy-3-[(1R)-2-[(1S,3R,4R)-4-(2-
ethoxyethoxy)-3-methoxycyclohexyl]-1-methylethyl]-
10,21-dimethoxy-6,8,12,14,20,26-hexamethyl-23,27-ep-
oxy-3H-pyrido[2,1-c][1,4]oxaazacyclohentriacontine-
1,5,11,28,29(4H,6H,31H)-pentone. CAS-851536-75-9.
Prevention of restenosis. Ba9; A9; TRM-986
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Uridine Triacetate [2009] (ure’ i deen trye as’ e tate).
C15H18N2O9. 370.30. (1) Uridine, 2’,3’,5’-triacetate; (2)
2’,3’,5’-Tri-O-acetyluridine. CAS-4105-38-8. Antidote for 5-
fluorouracil toxicity due to overdose or impaired elimination;
treatment of mitochondrial diseases. PN401

Vaniprevir [2009] (van i’ pre vir). C38H55N5O9S. 757.94. (1)
Cyclopropanecarboxamide, N-[[[6-(2-carboxy-2,3-dihydro-
1H-isoindol-4-yl)-2,2-dimethylhexyl]oxy]carbonyl]-3-meth-
yl-L-valyl-(4R)-4-hydroxy-L-prolyl-1-amino-N-(cyclopropyl-
sulfonyl)-2-ethyl-, (1?2)-lactone, (1R,2R)-; (2) (5R,7S,10S)-
N-{(1R,2R)-1-[(Cyclopropylsulfonyl)carbamoyl]-2-ethylcy-
clopropyl}-10-(1,1-dimethylethyl)-15,15-dimethyl-3,9,12-
trioxo-6,7,9,10,11,12,14,15,16,17,18,19-dodecahydro-
1H,3H,5H-2,23:5,8-dimethano-4,13,2,8,11-benzodioxa-
triazacyclohenicosine-7-carboxamide; (3) (1R,21S,24S)-21-
tert-Butyl-N-((1R,2R)-1-{[(cyclopropylsulfonyl)amino]carbo-
nyl}-2-ethylcyclopropyl)-16,16-dimethyl-3,19,22-trioxo-
2,18-dioxa-4,20,23-triazatetracyclo[21.2.1.14,7.05,11]hepta-
cosa-6,8,10-triene-24-carboxamide. CAS-923590-37-8.
Treatment of hepatitis C virus. MK-7009

Vipadenant [2009] (vye pa’ de nant). C16H15N7O. 321.30. (1)
3H-1,2,3-Triazolo[4,5-d]pyrimidin-5-amine, 3-[(4-amino-3-
methylphenyl)methyl]-7-(2-furanyl)-; (2) 3-[(4-Amino-3-
methylphenyl)methyl]-7-(furan-2-yl)-3H-1,2,3-triazolo[4,5-
d]pyrimidin-5-amine. CAS-442908-10-3. Treatment of Par-
kinson’s disease. BIIB014; V-2006; VER-11135; CEB-4520;
VER-A00049; VER-ADO-49; VER-A00-11

Vismodegib [2009] (vis’’ moe deg’ ib). C19H14Cl2N2O3S.
421.30. (1) Benzamide, 2-chloro-N-[4-chloro-3-(2-pyridi-
nyl)phenyl]-4-(methylsulfonyl)-; (2) 2-Chloro-N-[4-chloro-
3-(pyridin-2-yl)phenyl]-4-(methylsulfonyl)benzamide.CAS-
879085-55-9. Antineoplastic. GDC-0449

Vorapaxar Sulfate [2009] (vor’’ a pax’ ar). C29H33FN2O4 .
H2O4S. 590.70. (1) Carbamic acid, [(1R,3aR,4aR,6R,8aR,9-
S,9aS)-9-[(1E)-2-[5-(3-fluorophenyl)-2-pyridinyl]ethenyl]-
dodecahydro-1-methyl-3-oxonaphtho[2,3-c]furan-6-yl]-,
ethyl ester, sulfate; (2) Ethyl [(1R,3aR,4aR,6R,8aR,9S,9aS)-9-
[(1E)-2-[5-(3-fluorophenyl)pyridin-2-yl]ethenyl]-1-methyl-
3-oxododecahydronaphtho[2,3-c]furan-6-yl]carbamate sul-
fate. CAS-705260-08-8. Thrombosis. SCH 530348
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USED IN USP–NF AND

PHARMACOPEIAL FORUM

This is an update based on the proposals published in this issue of PF.
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Chromatographic Columns Used in USP-NF and
Pharmacopeial Forum

July–Aug. 2010

h207i TEST FOR 1,6-ANHYDRO DERIVATIVE FOR ENOXAPARIN SODIUM (DSD Mgh #2740)
PF LGS# Reagent Brand Type of Test Comments

0(0) L14 Spherisorb SAX Test for Oligomers 3 mm 6 25 cm, 5 mm. Guard column: 3 mm 6 1 cm.
Alternative columns: same phase, 3 mm 6 25 cm, 5
mm. Guard column: 4.6 mm 6 7.5 cm, 5 mm. 4.6 mm
6 25 cm, 5 mm. Guard column: 4.6 mm 6 7.5 cm, 5

mm. Manufacturer: Waters

ALPRAZOLAM ORALLY-DISINTEGRATING TABLETS (DSD Mgh #1880)
PF LGS# Reagent Brand Type of Test Comments

36(4) L7 Luna C8(2) Assay, Dissolution, and
Organic Impurities

4.6 mm 6 15 cm, 5 mm. Manufacturer: Phenomenex

AMOXICILLIN AND CLAVULANATE POTASSIUM FOR ORAL SUSPENSION (DSD Mgh #4190)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Superspher RP-
18e

Organic Impurities 4 mm 6 12.5 cm, 4 mm, 100 Angstroms. Alternative
column: YMC Pack ODS-AQ. Manufacturer: Merck,

KGaA

AMOXICILLIN AND CLAVULANATE POTASSIUM TABLETS (DSD Mgh #4195)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Superspher RP-
18e

Organic Impurities 4 mm 6 12.5 cm, 4 mm, 100 Angstroms. Alternative
column: YMC Pack ODS-AQ. Manufacturer: Merck,

KGaA

AMOXICILLIN CAPSULES (DSD Mgh #4110)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Nucleosil C18 Organic Impurities 4 mm 6 10 cm, 3 mm, 120 Angstroms. Manufacturer:
Macherey-Nagel

AMOXICILLIN FOR ORAL SUSPENSION (DSD Mgh #4140)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Atlantis d C18 Organic Impurities 4.6 mm 6 15 cm, 3 mm. Manufacturer: Waters

AMOXICILLIN TABLETS (DSD Mgh #4170)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Superspher RP-
18e

Organic Impurities 4 mm 6 12.5 cm, 4 mm. Alternative column: YMC Pack
ODS-AQ. Manufacturer: Merck, KGaA

BACOPA (DSD Mgh #3527)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Pinnacle DB C18 Identification and Con-
tent of ......

Content of triterpene glycosides. 4.6 mm 6 25 cm, 5
mm. Manufacturer: Restek Corp.

BALSALAZIDE DISODIUM (DSD Mgh #6988)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Atlantis T3 Organic Impurities Procedure 2. 4.6 mm 6 15 cm, 3 mm. Manufacturer:
Waters Corp.
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CODEINE SULFATE (DSD Mgh #19640)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Inertsil ODS-2 Assay and Organic Im-
purities

4.6 mm 6 25 cm, 5 mm. Manufacturer: GL Sciences

CODEINE SULFATE TABLETS (DSD Mgh #19670)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Gemini C18 Assay and Organic Im-
purities

4.6 mm 6 15 cm, 3 mm. Manufacturer: Phenomenex

DROSPIRENONE (DSD Mgh #28560)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 YMC-Pack Pro
C18

Assay 4.6 mm 6 25 cm, 3 mm. Manufacturer: YMC Co., Inc.

DROSPIRENONE AND ESTRADIOL TABLETS (DSD Mgh #2067)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Clipeus C18 Organic Impurities 4.6 mm 6 10 cm. Second column in series with a
ProntoSIL C18 ACE-eps. Manufacturer: Higgins Ana-

lytical

DROSPIRENONE AND ETHINYL ESTRADIOL TABLETS (DSD Mgh #28570)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Hypersil-ODS Dissolution 4.6 mm 6 6 cm, 3 mm. Manufacturer: Thermo Scien-
tific

36(4) L1 ProntoSIL C18 AQ Assay and Identification 4.0 mm 6 12.5 cm, 3 mm. Manufacturer: Bischoff
Chromatography

36(4) L1 ProntoSIL C18
ace-EPS

Organic Impurities 3.0 mm 6 30 cm, 3 mm. Connected in series with a
Chromolit RP18 (L1) 4.6 mm 6 10 cm. Manufacturer:

Bischoff Chromatography
36(4) L1 Chromolith RP-18 Organic Impurities 4.6 mm 6 10 cm. Second column in series with a

ProntoSIL C18 ace-EPS. Manufacturer: Merck KGaA

ETOMIDATE (DSD Mgh #32380)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 MicroBondapak
C18

Assay and Organic Im-
purities

3.9 6 30 cm. Manufacturer: Waters Corp.

ETOMIDATE INJECTION (DSD Mgh #32384)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 MicroBondapak
C18

Assay, Organic Impuri-
ties, and Other Require-

ments

Total propylene glycol ester. 3.9 mm 6 30 cm. Man-
ufacturer: Waters Corp.

KETOPROFEN CAPSULES (DSD Mgh #44003)
PF LGS# Reagent Brand Type of Test Comments

36(5) L1 Prodigy ODS (3) Assay 4.6 mm 6 25 cm, 5 mm. Manufacturer: Phenomenex

MALTITOL (DSD Mgh #47119)
PF LGS# Reagent Brand Type of Test Comments

0(0) G46 DB-1701 Limit of . . . . . . . . . Limit of diethylene glycol and ethylene glycol. 0.32
mm 6 15 m, 0.25 mm. Manufacturer: J & W Scientific

MALTITOL SOLUTION (DSD Mgh #47120)
PF LGS# Reagent Brand Type of Test Comments

0(0) G46 DB-1701 Limit of . . . . . . . . . ID C. Limit of diethylene glycol and ethylene glycol.
0.32 mm 6 15 m. Film thickness 0.25 mm. Manufac-

turer: J & W Scientific
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METHOTREXATE (DSD Mgh #51370)
PF LGS# Reagent Brand Type of Test Comments

36(4) G6 Rtx-200 Enantiomeric Purity 4.0 mm 6 15 cm, 7 mm. Manufacturer: Restek
36(4) L## Resolvosil BSA Enantiomeric Purity 4.00 mm 6 15 cm, 7 mm. Manufacturer: Macherey-

Nagel
36(4) L1 Kromasil C18 Assay and Organic Im-

purities
4.6 mm 6 25 cm, 5 mm. Manufacturer: Supelco

PHENOXYBENZAMINE HYDROCHLORIDE CAPSULES (DSD Mgh #63670)
PF LGS# Reagent Brand Type of Test Comments

32(6) L7 YMC-Pack Pro C8 Assay, Related Com-
pounds and Uniformity

of Dosage Units

4.6 mm 6 15 cm, 5 mm. Manufacturer: YMC Co., Ltd.

PHYLLANTHUS AMARUS (DSD Mgh #3530)
PF LGS# Reagent Brand Type of Test Comments

36(6) L1 Luna C18 Identification and Con-
tent of ......

Content of lignans. 4.6 mm 6 25 cm, 5 mm. Manu-
facturer: Phenomenex

POWDERED BACOPA (DSD Mgh #3528)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Pinnacle DB C18 Identification and Con-
tent of ......

Content of triterpene glycosides. 4.6 mm 6 25 cm, 5
mm. Manufacturer: Restek Corp.

POWDERED BACOPA EXTRACT (DSD Mgh #3529)
PF LGS# Reagent Brand Type of Test Comments

36(3) L1 Pinnacle DB C18 Identification and Con-
tent of ......

Content of triterpene glycosides. 4.6 mm 6 25 cm, 5
mm. Manufacturer: Restek Corp.

POWDERED PHYLLANTHUS AMARUS (DSD Mgh #3531)
PF LGS# Reagent Brand Type of Test Comments

36(6) L1 Luna C18 Identification and Con-
tent of ......

Content of lignans. 4.6 mm 6 25 cm, 5 mm. Manu-
facturer: Phenomenex

POWDERED PHYLLANTHUS AMARUS EXTRACT (DSD Mgh #3532)
PF LGS# Reagent Brand Type of Test Comments

36(6) L1 Luna C18 Identification and Con-
tent of ......

Content of lignans. 4.6 mm 6 25 cm, 5 mm. Manu-
facturer: Phenomenex

TRANDOLAPRIL TABLETS (DSD Mgh #84409)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Inertsil ODS-3V Organic Impurities 4.6 mm 6 25 cm, 5 mm. Manufacturer: GL Sciences
36(4) L1 Inertsil ODS-3 Assay 4.6 mm 6 25 cm, 5 mm. Manufacturer: GL Sciences

TROSPIUM CHLORIDE (DSD Mgh #1122)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Kromasil C18 Assay and Organic Im-
purities

4.6 mm 6 25 cm, 5 mm. Alternative column: LiChro-
spher RP8-Select B brand of L7 column. Manufacturer:

Supelco

ZALEPLON (DSD Mgh #3327)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Hypersil-ODS Assay 4 mm 6 10 cm, 3 mm. Manufacturer: Thermo Scientific
36(4) L1 Hypersil BDS C-18 Organic Impurities 4.6 mm 6 25 cm, 5 mm. Manufacturer: Thermo Sci-

entific
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ZALEPLON CAPSULES (DSD Mgh #3328)
PF LGS# Reagent Brand Type of Test Comments

36(4) L1 Hypersil BDS C-18 Assay and Organic Im-
purities

4.6 mm 6 25 cm, 5 mm. Manufacturer: Thermo Sci-
entific
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STANDARDS DEVELOPMENT
This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum
(PF), for the development of official standards in the United States Pharmacopeia and the National Formulary (USP–NF).
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USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on the new or revised stan-
dards.

PF includes the following:

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

2. Accelerated Revisions—New or revised standards that become official through an accelerated process in ac-
cordance with USP’s Guideline on Accelerated Revisions (available on the USP website) (e.g., Interim Revision An-
nouncements, Revision Bulletins, and Errata). Accelerated Revisions allow for a revision to become official prior to the
next USP–NF or Supplement and do not always require notice and comment. Interim Revision Announcements are
first presented for a 60-day public comment period in the Proposed Interim Revision Announcement section before
becoming official in a later PF in the Interim Revision Announcements section of the PF. Note that Revision Bulletins
appear only on the USP website.

USP welcomes comments and data on proposed revisions. A summary of comments received, along with USP’s
responses, will be published in the Commentary section of the USP website (www.usp.org).
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, United States Pharmacopeia, 12601
Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
‘‘How to Use PF’’ describes the various parts of Pharmacopeial Forum, lists the Committee Designations, and includes the
Staff Directory.
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The contents of the various sections of PF are briefly described below. A more detailed description of each section is
provided at the beginning of that section. A general description of the types and amount of information expected in a
Request for Revision is available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website
(www.usp.org/USPNF/submitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Proposed Interim Revi-
sion Announcement
Accelerated Revision tar-
geted to become official
in an upcoming PF.

Proposals for Interim Revision Announcements (IRAs) that will be
published as official in a future Pharmacopeial Forum.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the USP Scientific Liaison who handled the issue.

Review material and send comments
within 60 days of the PF publication
where the standard was proposed
(or per the Briefing). Direct com-
ments to the USP Scientific Liaison
(see the Staff Directory) identified at
the end of the Briefing.

Interim Revision An-
nouncement
Official Accelerated Revi-
sion (on the first day of
the second month, un-
les s otherwise ind i -
cated).

Standards that have been adopted and will become official on
the date that is specified in the section’s introductory page or
within parentheses following a particular item. New or revised
text is marked by the symbols .

..

Review material to see whether af-
fected by any of the changes. Note
date when standards become official,
and ensure compliance.

Errata
Accelerated Revision.

Corrections to official standards that will be printed in USP–NF. Review material to see whether af-
fected by any changes.

In-Process Revision
Revisions for public re-
view and comment.

Proposals for standards that will be published as official in a fu-
ture USP–NF book or Supplement.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the appropriate USP Scientific Liaison.

Review material and send comments.
Comment deadlines are found at the
end of the Policies and Announcements
section. Direct comments to the USP
Scientific Liaison (see the Staff Direc-
tory) identified at the end of the Brief-
ing. For general inquiries or in cases
where a Scientific Liaison is not iden-
tified, use the general USP telephone
number 301-881-0666 or fax num-
ber 301-998-6839.

Previous PF Proposals Proposals from previous PFs that did not advance to official sta-
tus in an official USP publication. This section is cumulative. This
information will no longer be included in the Pharmacopeial For-
um (PF). It may now be found in the Revision and Commentary
section of the USP Web site (http://www.usp.org/USPNF/revi-
sions/).

Review material to track pending pro-
posals.

Canceled Proposals Items that were published in PF and were pending, but have
since been canceled. Note that canceled proposals may be re-
published to be considered in the future for adoption in USP–NF.
This information will no longer be included in the Pharmacopeial
Forum (PF). It may now be found in the Revision and Commen-
tary section of the USP Web site (http://www.usp.org/USPNF/
revisions/).

Review material to track canceled
proposals.
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Stage 4 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

BRIEFING: Scientific rationale for the potential inclusion or
change or for the proposed change. Stage 4 is available for
comment.

Review material and provide com-
ments to the appropriate Scientific
Liaison cited in the Briefing. Indivi-
duals who wish to correspond with
the European and Japanese Pharma-
copoeias concerning monographs in
the Official Inquiry and Consensus
stages of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a
copy to USP, for a given article. The
addresses for the European (PhEur)
and Japanese (JP) pharmacopoeias
are as follows:

PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Depart-
ment
European Directorate for the Health
Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu

JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices
Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp

Stage 6 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

Stage 6 is the final official harmonized standard and is not avail-
able for comment. This information is published for informa-
tional purposes only. New or revised text to Stage 6
documents is marked with symbols that indicate the publication
in which the book or Supplement becomes official.

Review material to see whether af-
fected by any changes.
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Other Sections
Expert Committee Designations
Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the develop-
ment of standards
Staff Directory
Names of key USP Standards Division staff members, including Scientific Liaisons, with contact information
Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Guidelines on how to comment
� Publication and comment schedules
Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested

parties
� Discussions of issues on which USP desires public input prior to further development
Nomenclature
� Latest adopted United States Adopted Names (USAN) and International Nonproprietary Names (INN) for drugs
� Revisions to existing names as a supplement to the USP Dictionary of USAN and International Drug Names
� Suggested, proposed, and recommended USAN and INN
� Information on how nonproprietary drug names are devised
� Articles relevant to compendial nomenclature issues
Index
Cumulative directory for the content of all issues of PF beginning with PF 36(1)
Chromatographic Columns Used in USP–NF and Pharmacopeial Forum
Update of chromatographic columns based on the proposals published in this issue of PF
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EXPERT COMMITTEE DESIGNATIONS* 2010–2015

SM1 Monographs—Small Molecules 1

SM2 Monographs—Small Molecules 2

SM3 Monographs—Small Molecules 3

SM4 Monographs—Small Molecules 4

BIO1 Monographs—Biologics and Biotechnology 1

BIO2 Monographs—Biologics and Biotechnology 2

EXC Monographs—Excipients

DS Monographs—Dietary Supplements

FI Monographs—Food Ingredients

GCCA General Chapters—Chemical Analysis

GCPA General Chapters—Physical Analysis

GCBA General Chapters—Biological Analysis

GCDF General Chapters—Dosage Forms

GCM General Chapters—Microbiology

GCPS General Chapters—Packaging, Storage and Distribution

NSL Nomenclature, Safety, and Labeling

CMP Compounding

RS Reference Standards

STAT Statistics

TOX Toxicology

* HDQ Indicates USP Headquarters items.
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MAP OF 2010–2015 EXPERT COMMITTEES TO 2005–2010 EXPERT COMMITTEES
Revised October 20, 2009

2010–2015 Expert Committee 2005–2010 Expert Committee

01 Monographs—Small Molecules Monograph Development—Antibiotics

Monograph Development—Antivirals and Antimicrobials

Reference Standards

02 Monographs—Small Molecules Monograph Development—Cardiovascular

Monograph Development—Cough, Cold, and Analgesics

Reference Standards

03 Monographs—Small Molecules Monograph Development—Gastrointestinal, Renal,
and Endocrine

Monograph Development—Ophthalmology, Oncology,
and Dermatology

Reference Standards

Veterinary Drugs

04 Monographs—Small Molecules Monograph Development—Psychiatrics and Psychoactives

Monograph Development—Pulmonary and Steroids

Radiopharmaceuticals and Medical Imaging Agents

Reference Standards

05 Monographs—Biologics and Biotechnology B&B Blood and Blood Products

B&B Proteins and Polysaccharides

Reference Standards

06 Monographs—Biologics and Biotechnology B&B Blood and Blood Products

B&B Cell, Gene and Tissue Therapies

B&B Vaccines and Virology

Reference Standards

07 Monographs—Excipients Excipient Monographs 1

Excipient Monographs 2

Reference Standards

08 Monographs—Dietary Supplements Dietary Supplements—Botanicals

Dietary Supplements—General Chapters

Dietary Supplements—Information

Dietary Supplements—Non-Botanicals

Dietary Supplements—Performance Standards

Reference Standards

09 Monographs—Compounding PS Compounding Pharmacy

PS Sterile Compounding

Reference Standards

Veterinary Drugs

10 Monographs—Food Ingredients Food Ingredients

Reference Standards

H
ow

to
U

se
P

F
Pharmacopeial Forum

1110 HOW TO USE PF Vol. 36(5) [Sept.–Oct. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.



MAP OF 2010–2015 EXPERT COMMITTEES TO 2005–2010 EXPERT COMMITTEES
Revised October 20, 2009 (Continued)

2010–2015 Expert Committee 2005–2010 Expert Committee

11 General Chapters—Chemical Analysis Dietary Supplements—Botanicals

Dietary Supplements—General Chapters

Dietary Supplements—Information

Dietary Supplements—Non-Botanicals

Dietary Supplements—Performance Standards

GC General Chapters

GC Pharmaceutical Waters

Reference Standards

12 General Chapters—Physical Analysis Excipient General Chapters

GC General Chapters

PS Compounding Pharmacy

PS Sterile Compounding

Reference Standards

13 General Chapters—Biological Analysis B&B Blood and Blood Products

B&B Cell, Gene and Tissue Therapies

B&B Proteins and Polysaccharides

B&B Vaccines and Virology

Reference Standards

14 General Chapters—Dosage Forms GC Aerosols

GC Biopharmaceutics

GC Parenteral Products—Industrial

GC Pharmaceutical Dosage Forms

Reference Standards

15 General Chapters—Microbiology GC Microbiology and Sterility Assurance

Reference Standards

16 General Chapters—Packaging, Storage, and Distribution GC Packaging and Storage

Reference Standards

17 Nomenclature, Safety, and Labeling PS Nomenclature

PS Safe Medication Use

Reference Standards
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MAP OF 2010–2015 EXPERT COMMITTEES TO 2005–2010 EXPERT COMMITTEES
Revised October 20, 2009 (Continued)

2010–2015 Expert Committee 2005–2010 Expert Committee

18 Reference Standards Reference Standards

19 Statistics GC Statistics

Reference Standards

20 Toxicology Dietary Supplements—Botanicals

Dietary Supplements—General Chapters

Dietary Supplements-Information

Dietary Supplements—Non-Botanicals

Dietary Supplements—Performance Standards

Excipient General Chapters

GC General Toxicology and Medical Device Biocompatibility

Reference Standards
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STAFF DIRECTORY

This updated directory reflects assignment changes based on 2010–2015 Expert Committees. The general USP tele-

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

identified. The fax number is (301) 816-8373.

STAFF E-MAIL PHONE CONTACT FOR

Susan S. de Mars, J.D.,
General Counsel and Chief Documentary
Standards Officer

sdm@usp.org (301) 816-8296 Documentary Standards Division

William F. Koch, Ph.D.,
Chief Standards Acquisition and Metrology
Officer

wfk@usp.org (301) 816-8562 Reference Materials Division

Clydewyn M. Anthony, Ph.D.,
Senior Scientific Liaison

cma@usp.org (301) 816-8139 Monographs—Small Molecules 2

Fouad Atouf, Ph.D.,
Scientific Liaison

fa@usp.org (301) 816-8365 Monographs—Biologics and Biotech-
nology 2

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Healthcare Quality Standards

scb@usp.org (301) 816-8216 Nomenclature, Safety, and Labeling;
Compounding

William E. Brown,
Senior Scientific Liaison

web@usp.org (301) 816-8380 General Chapters—Dosage Forms

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234

Behnam Davani, Ph.D.,
Senior Scientific Liaison

bd@usp.org (301) 816-8394 Monographs—Small Molecules 1;
General Chapters—Chemical Anal-
ysis

Natalia Davydova, Ph.D.,
Scientific Liaison

nd@usp.org (301) 816-8328 Monographs—Dietary Supplements;
General Chapters—Chemical Analysis

Anthony DeStefano, Ph.D.,
Vice President, General Chapters

ajd@usp.org (301) 230-6303 General Chapters

Huy Dinh, Ph. D. htd@usp.org (301) 816-8594 Monographs—Dietary Supplements

Shawn F. Dressman, Ph.D.,
Vice President, Standards Acquisition

sfd@usp.org (301) 816-8261 New Monograph and Reference Stan-
dards Acquisition

Jami Earnest, Pharm.D., B.C.C.P.,
Scientific Liaison

jse@usp.org (301) 816-8548 Nomenclature, Safety, and Labeling

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

gig@usp.org (301) 816-8343 Dietary Supplements

Brian D. Gilbert, Ph.D.,
Technical Services Manager

bg@usp.org (301) 816-8223 Documentary Standard Queries

Elena Gonikberg, Ph.D.,
Principal Scientific Liaison

eg@usp.org (301) 816-8251 Monographs—Small Molecules 3;
General Chapters—Physical Analysis

James Griffiths, Ph.D.,
Vice President, Food, Dietary Supplement,
and Excipient Standards

jg@usp.org (301) 998-6811 Food, Dietary Supplement, and Ex-
cipient Standards

Linda Guard,
Vice President, Publications

lmg@usp.org (301) 816-8309 Publications

Walter Hauck, Ph.D.,
Senior Scientific Fellow

wh@usp.org (301) 816-8390 Statistics

Antonio Hernandez-Cardoso, M.Sc.,
Senior Scientific Liaison, Latin American
Specialist

ahc@usp.org (301) 816-8308 General Chapters—Chemical Analy-
sis; General Chapters—Physical Anal-
ysis

Kevin O. Hool, Ph.D.,
Vice President, Applied Compendial Research

koh@usp.org (301) 230-6321 USP Laboratories
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STAFF E-MAIL PHONE CONTACT FOR

Desmond G. Hunt, Ph.D.,
Scientific Liaison

dgh@usp.org (301) 816-8341 General Chapters—Packaging and
Storage; General Chapters—Physical
Analysis General Chapters—Dosage
Forms

Barbara Jones, Ph.D.,
Vice President, Reference Standards
Evaluation

bjj@usp.org (301) 230-6325 Reference Standards

Maura C. Kibbey, Ph.D.,
Senior Scientific Liaison

mck@usp.org (301) 230-6309 Monographs—Biologics and Biotech-
nology 1; General Chapters—Biologi-
cal Analysis

Robert Lafaver, M.S.
Scientific Liaison

rhl@usp.org (301) 816-8335 Monographs—Excipients; General
Chapters—Chemical Analysis; Gener-
al Chapters—Physical Analysis

Kristie Laurvick, M.S.,
Scientific Liaison

kxb@usp.org (301) 816-8356 Food Ingredients

Markus Lipp, Ph.D.,
Director, Food Standards

mxl@usp.org (301) 816-6366 Food Ingredients

Angela G. Long, M.S.,
Vice President, Healthcare Quality
and Compendial Affairs/
Executive Secretariat

agl@usp.org (301) 816-8382 Executive Secretariat

Feiwen Mao, M.S.,
Scientific Liaison

fm@usp.org (301) 816-8320 Monographs—Small Molecules 3

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

mrm@usp.org (301) 816-8106 General Chapters—Dosage Forms;
Monographs—Small Molecules 1-4

Carla Mejia, Ph.D.,
Scientific Liaison

cdm@usp.org (301) 816-8571 Monographs—Food Ingredients

Jeff Moore, Ph.D.,
Scientific Liaison

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

Kevin Moore, Ph.D.,
Senior Scientific Liaison

ktm@usp.org (301) 816-8369 Monographs—Excipients; General
Chapters—Physical Analysis; Harmo-
nization

Tina S. Morris, Ph.D.,
Vice President, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397 Biologics and Biotechnology

Horacio Pappa, Ph.D.,
Principal Scientific Liaison and Latin
American Liaison

hp@usp.org (301) 816-8319 General Chapters—Chemical Analy-
sis; General Chapters—Physical Anal-
ysis; Statistics

Morgan Puderbaugh,
Scientific Liaison

mxp@usp.org (301) 998-6833 Monographs—Small Molecules 3

Sujatha Ramakrishna, Ph.D.,
Scientific Liaison

sxr@usp.org (301) 816-8349 Monographs—Small Molecules 2;
General Chapters—Chemical Analysis

Hariram Ramanathan, Ph.D.,
Associate Scientific Liaison

hr@usp.org (301) 816-8313 Monographs—Small Molecules 4

Ravi Ravichandran, Ph.D.,
Senior Scientific Liaison

rr@usp.org (301) 816-8330 Monographs—Small Molecules 4;
General Chapters—Chemical Analy-
sis; General Chapters—Physical Anal-
ysis

Karen A. Russo, Ph.D.,
Vice President, Small Molecules

kar@usp.org (301) 816-8379 Small Molecules

Leonel Santos, Ph.D.,
Senior Scientific Liaison

lxs@usp.org (301) 816-8168 Monographs—Small Molecules 1

Nandakumara (Nandu) Sarma, Ph.D.,
Senior Scientific Liaison

dns@usp.org (301) 816-8354 Monographs—Dietary Supplements;
General Chapters—Chemical Analysis
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STAFF E-MAIL PHONE CONTACT FOR

Rick Schnatz, Pharm.D.,
Scientific Liaison

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

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

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Principal Scientific Liaison

mhs@usp.org (301) 816-8318 Monographs—Dietary Supplements;
General Chapters—Chemical Analysis

Catherine M. Sheehan, M.S.,
Director, Excipients

cxs@usp.org (301) 816-8262 Excipients

Tom Sigambris, M.S.,
Scientific Liaison

tzs@usp.org (301) 998-6789 Monographs—Biologics and Biotech-
nology 1

Anita Y. Szajek, Ph.D.,
Principal Scientific Liaison

aey@usp.org (301) 816-8325 Monographs—Biologics and Biotech-
nology 2

Radhakrishna S. Tirumalai, Ph.D.,
Principal Scientific Liaison

rst@usp.org (301) 816-8339 Microbiology; Toxicology

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientific Liaison

yt@usp.org (301) 816-8321 Monographs—Dietary Supplements;
General Chapters—Chemical Analysis

Domenick Vicchio, Ph.D.,
Senior Scientific Liaison

dwv@usp.org (301) 998-6828 Monographs—Small Molecules 4;
General Chapters—Chemical Analysis

Mary ‘‘Jeanie’’ Waddell,
Scientific Liaison

msw@usp.org (301) 816-8124 Monographs—Small Molecules 4

Hong Wang, Ph.D.,
Senior Scientific Liaison

hw@usp.org (301) 816-8351 Monographs—Excipients; General
Chapters—Chemical Analysis; Gener-
al Chapters—Physical Analysis

Lili Wang,
Technical Services Scientist

lw@usp.org (301) 816-8129 Reference Standards Queries

Andrzej Wilk, Ph.D.,
Senior Scientific Liaison

aw@usp.org (301) 816-8305 Nomenclature, Safety, and Labeling

Ahalya Wise, M.S.,
Scientific Liaison

aww@usp.org (301) 816-8161 Monographs—Small Molecules 1;
General Chapters—Chemical Analy-
sis; Microbiology

Kahkashan Zaidi, Ph.D.,
Senior Scientific Liaison

kxz@usp.org (301) 816-8269 General Chapters—Chemical Analy-
sis; General Chapters—Physical Anal-
ysis; General Chapters—Dosage
Forms
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POLICIES AND
ANNOUNCEMENTS

This section provides general information about USP–NF standards and processes, including announcements on scien-
tific and policy issues, schedules for USP publications, and schedules for comment periods for proposed standards.
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UPCOMING CHANGES TO PHARMACOPEIAL FORUM.
E f fect ive January 3, 2011 with volume 37(1) ,
Pharmacopeial Forum (PF) will be converted to an on-
line only, freely available resource that includes only
proposed revis ions for publ ic comment. Other
information currently in PF will be moved to the USP
Web site or into other USP publications.

For updated information about the transition, please visit
http://www.usp.org/USPNF/pf/pfRedesign.html.

PENDING AND CANCELED PROPOSALS. Effective
with this Pharmacopeial Forum (PF), USP will be
transitioning its ‘‘Previous PF Proposals Still Pending’’
and its ‘‘Canceled Proposals’’ lists currently printed in
PF to become part of the Revisions and Commentary
section of the USP Web site (http://www.usp.org/
USPNF/revisions/). This combined list will be updated
as the ballot closes for each official USP–NF publication,
beginning in November 2010 with the close of the USP
34–NF 29 Supplement 1 ballot.
In order for an item to be adopted into the USP–NF and
become official, it must first be proposed and published
in the PF to allow the public an opportunity to review and
comment upon it. When an item is adopted, it is pub-
lished in the USP–NF, its Supplements, an IRA, or a Revision
Bulletin. Those items that have not yet been adopted are
known as Pending Proposals.
Canceled Proposals are items that were published in PF
and were pending, but have since been canceled. Note
that canceled proposals may be republished in PF to be
considered for future adoption into the USP–NF.

USP 33–NF 28 RECALL AND REISSUE. On January 8,
2010, USP recalled USP 33–NF 28 because of errors.
The USP 33–NF 28 Reissue is now available with an
official date of October 1, 2010. The complete official
compendia, USP 33–NF 28 Reissue, are composed of the
following:
� USP 32–NF 27 and its Supplements
� USP 33–NF 28 Reissue New and Revised Official Text

Since the Second Supplement to USP 32–NF 27
� First Supplement to the USP 33–NF 28 Reissue
� Second Supplement to the USP 33–NF 28 Reissue

USP continues to seek the return of all versions of USP 33–
NF 28 that were placed into commerce beginning No-
vember 2009. This effort is important to avoid use of er-
roneous text.

Information about the recall and reissue are provided in
Public Notices that appear at http://www.usp.org/
USPNF/recall.html. For more information, contact USP’s
Customer Service at custsvc@usp.org or 1-800-227-
8772.

USP POSTS COMMENTARY TO INTERIM REVISION
ANNOUNCEMENTS ON THE USP WEBSITE. In order
to maintain transparency for revisions made to
proposed Interim Revision Announcements that become
official in PF, USP posts commentary for the proposed
Interim Revision Announcements on the Revisions and
Commentary web page on the date that the official
standard is released in PF. Note that commentary to In-
Process Revis ions is posted on the Revisions and
Commentary web page under the final book or
supplement where the official standard appears.
Commentary is not part of the official text of the
monograph and is not intended to be enforceable by
regulatory authorities. Rather, it explains the basis of
the Expert Committee’s response to public comments.
If there is a difference between the content of the
Commentary section and the official monograph, the
text of the official monograph prevails. In case of a
dispute or question of interpretation, the language of
the official text, alone and independent of the
Commentary section, shall prevail.

PHARMACOPEIAL FORUM PUBLIC REVIEW and
COMMENT PERIOD DEADLINES. USP welcomes and
encourages interested parties to submit comments and
data regarding potential, proposed, or adopted
(official) standards. In accordance with the Rules and
Procedures of the 2010–2015 Council of Experts, USP
has implemented a 90-day comment period by
providing a deadline for each issue of PF unless
otherwise stated in the individual briefing. The listing of
comment period deadlines and the targeted official
publications appears below.

Pharmacopeial
Forum

Comment
Deadline

Targeted Official
Publication Release Date Official Date

PF 35(6) February 15, 2010 USP 34–NF 29 November 2010 May 1, 2011

PF 36(1) April 15, 2010

PF 36(2) June 15, 2010 USP 34–NF 29 1st Supple-
ment

February 2011 August 1, 2011

PF 36(3) August 15, 2010

PF 36(4) October 15, 2010 USP 34–NF 29 2nd Supple-
ment

June 2011 December 1, 2011

PF 36(5) December 15, 2010

PF 36(6) February 15, 2011 USP 35–NF 30 November 2011 May 1, 2012

PF 37(1) March 31, 2011
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All official revisions are published in the annual edition or
Supplements to USP–NF (twice yearly). Between these
publications, official revisions are published in PF in the
Interim Revision Announcement section and incorporated
in the upcoming USP–NF or Supplement. They may also
be published as Revision Bulletins on www.usp.org in the
‘‘New Official Text’’ section. The official publication in
which an Interim Revision Announcement (IRA) is incorpo-

rated depends upon publication deadlines. The electro-
nic version of USP–NF is updated as each Supplement
becomes available and, therefore, contains all official text
up to and including the contents of the latest Supple-
ment. The table below outlines the publications and their
release and official dates, and the USP–NF or Supplement
that supersedes them.

Publication Schedules

Publication Release Date Official Date Superseded by

USP 33–NF 28 Reissue April 1, 2010 October 1, 2010 1st Supplement to the
USP 33–NF 28 Reissue

IRA [PF 36(1)] January 1, 2010 February 1, 2010 2nd Supplement to the
USP 33–NF 28 Reissue

1st Supplement to the
USP 33–NF 28 Reissue

April 1, 2010 October 1, 2010 2nd Supplement to the
USP 33–NF 28 Reissue

IRA [PF 36(2)] March 1, 2010 April 1, 2010 2nd Supplement to the
USP 33–NF 28 Reissue

IRA [PF 36(3)] May 1, 2010 June 1, 2010 USP 34–NF 29

IRA [PF 36(4)] July 1, 2010 August 1, 2010 1st Supplement to USP 34–NF 29

IRA [PF 36(5)] September 1, 2010 October 1, 2010 1st Supplement to USP 34–NF 29

IRA [PF 36(6)] November 1, 2010 December 1, 2010 2nd Supplement to USP 34–NF 29

2nd Supplement to the
USP 33–NF 28 Reissue

June, 2010 February 1, 2011 USP 34–NF 29

USP 34–NF 29 November 1, 2010 May 1, 2011 1st Supplement to USP 34–NF 29

CUMULATIVE EDITIONS. USP–NF is available in print,
CD, and online formats. For the CD and online
formats, each new edition or Supplement integrates
content from all previous editions to date.

PRIORITY NEW MONOGRAPH ITEMS. The following
lists contain monographs USP is seeking for drug
substances and drug products, with particular priority
on drug substances and drug products that are or are
expected to be off-patent (multi-sourced; subject to
generic competition) within 5 years. These are articles
that have been approved by the FDA and are published

in the Approved Drug Products with Therapeutic
Equivalence Evaluations (Orange Book). This list has
been updated as of June 14, 2010.

Monograph sponsors shou ld consu l t the USP
Guideline for Submitting Requests for Revision to USP–NF
at http://www.usp.org/USPNF/submitMonograph/sub
Guide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Small Molecules (Drug Substances)—As of June 14, 2010

1) Acamprosate Calcium 2) Acrivastine 3) Adapalene

4) Alitretinoin 5) Alosetron Hydrochloride 6) Alvimopan

7) Ambenonium Chloride 8) Aminolevulinic Acid Hydrochloride 9) Amlexanox

10) Amlodipine Maleate 11) Amphetamine Aspartate 12) Amprenavir

13) Aprepitant 14) Argatroban 15) Aripiprazole

16) Armodafinil 17) Arsenic Trioxide 18) Asenapine Maleate

19) Atomoxetine Hydrochloride 20) Auranofin 21) Azacitidine

22) Bendamustine Hydrochloride 23) Bentoquatam 24) Bepotastine Besylate

25) Besifloxacin Hydrochloride 26) Bexarotene 27) Bimatoprost

28) Bismuth Subcitrate Potassium 29) Bortezomib 30) Bosentan

31) Brimonidine Tartrate 32) Bromfenac Sodium 33) Butenafine Hydrochloride

34) Caffeine Citrate 35) Calcipotriene 36) Calcium Trisodium Pentetate

37) Calfactant 38) Carbetapentane Tannate 39) Caspofungin Acetate

40) Ceftibuten 41) Cetrorelix 42) Cevimeline Hydrochloride

43) Chlorpheniramine Tannate 44) Cidofovir 45) Cisatracurium Besylate

46) Colesevelam Hydrochloride 47) Cysteamine Bitartrate 48) Dalfopristin

49) Darifenacin Hydrobromide 50) Darunavir 51) Decitabine

52) Desirudin 53) Desloratadine 54) Dexchlorpheniramine Tannate
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Small Molecules (Drug Substances)—As of June 14, 2010 (Continued)

55) Dextroamphetamine Saccharate 56) Dextromethorphan Tannate 57) Diclofenac Epolamine

58) Difloxacin Hydrochloride 59) Doripenem 60) Dronedarone Hydrochloride

61) Dutasteride 62) Enfuvirtide 63) Entecavir

64) Epinastine Hydrochloride 65) Eplerenone 66) Eptifibatide

67) Esomeprazole Sodium 68) Eszopiclone 69) Ethanolamine Oleate

70) Etonogestrel 71) Etoposide Phosphate 72) Everolimus

73) Exemestane 74) Febuxostat 75) Felbamate

76) Fenofibric Acid 77) Ferric Hexacyanoferrate (Prussian
Blue)

78) Ferric Sodium Gluconate

79) Fomepizole 80) Fosaprepitant Dimeglumine 81) Frovatriptan Succinate

82) Gadobenate Dimeglumine 83) Gadofosveset Trisodium 84) Gadopentetic Acid

85) Gadoxetate Disodium 86) Gallium Nitrate 87) Ganciclovir Sodium

88) Ganirelix Acetate 89) Gatifloxacin 90) Guanidine Hydrochloride

91) Iloperidone 92) Imipramine Pamoate 93) Imiquimod

94) Isocarboxazid 95) Isosulfan Blue 96) Ketotifen Fumarate

97) Lacosamide 98) Lepirudin 99) Linezolid

100) Lodoxamide Tromethamine 101) Loteprednol Etabonate 102) Lubiprostone

103) Melphalan Hydrochloride 104) Mequinol 105) Metaxalone

106) Methylnaltrexone Bromide 107) Micafungin Sodium 108) Midazolam Hydrochloride

109) Mifepristone 110) Milrinone Lactate 111) Mycophenolate Sodium

112) Nabilone 113) Nelarabine 114) Nelfinavir Mesylate

115) Nepafenac 116) Nesiritide Citrate 117) Nilutamide

118) Nisoldipine 119) Nitazoxanide 120) Norelgestromin

121) Oxiconazole Nitrate 122) Paliperidone 123) Palonosetron Hydrochloride

124) Pemirolast Potassium 125) Penciclovir 126) Perindopril Erbumine

127) Phenylephrine Tannate 128) Piperonyl Butoxide 129) Plerixafor

130) Podofilox 131) Poractant Alfa 132) Porfimer Sodium

133) Pseudoephedrine Tannate 134) Pyrilamine Tannate 135) Quinupristin

136) Rasagiline Mesylate 137) Remifentanil Hydrochloride 138) Rifapentine

139) Rose Bengal Disodium 140) Sertaconazole Nitrate 141) Sevelamer Carbonate

142) Silodosin 143) Sirolimus 144) Sodium Phenylbutyrate

145) Streptozocin 146) Tazarotene 147) Temozolomide

148) Temsirolimus 149) Teniposide 150) Tetrabenazine

151) Thymol Iodide 152) Tiludronate Disodium 153) Tiopronin

154) Tirofiban 155) Tolterodine Tartrate 156) Tolvaptan

157) Topotecan Hydrochloride 158) Toremifene Citrate 159) Treprostinil

160) Trypan Blue 161) Vigabatrin 162) Zafirlukast

163) Zanamivir 164) Zinc Trisodium Pentetate 165) Zoledronic Acid

166) Zolmitriptan

Small Molecules (Drug Products)—As of June 14, 2010

1) Abacavir and Lamivudine Tablets 2) Abacavir Sulfate, Lamivudine, and
Zidovudine Tablets

3) Acamprosate Delayed-Release Tablets

4) Acetaminophen, Aspirin, and Co-
deine Phosphate Capsules

5) Acetaminophen, Caffeine, and
Dihydrocodeine Bitartrate Capsules

6) Acetaminophen, Caffeine, and Dihy-
drocodeine Bitartrate Tablets

7) Acetazolamide Extended-Release
Capsules

8) Acetazolamide Sodium Injection 9) Acetic Acid and Aluminum Acetate Otic
Solution

10) Acetylcysteine Injection 11) Acetylcysteine Oral Inhalation
Solution

12) Acrivastine and Pseudoephedrine
Hydrochloride Capsules

13) Acyclovir Cream 14) Adapalene and Benzoyl Peroxide Gel 15) Adapalene Cream

16) Adapalene Gel 17) Adefovir Dipivoxil Tablets 18) Albuterol and Ipratropium Bromide
Inhalation Solution

19) Albuterol Extended-Release Tablets 20) Alendronate Sodium and Cholecal-
ciferol Tablets

21) Alendronate Sodium Oral Solution

22) Alitretinoin Topical Gel 23) Allopurinol for Injection 24) Alosetron Tablets

25) Aluminum Hydroxide and
Magnesium Trisilicate Chewable Tablets

26) Alvimopan Capsules 27) Amantadine Hydrochloride Tablets

28) Ambenonium Chloride Tablets 29) Amcinonide Lotion 30) Aminolevulinic Acid Topical Solution
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Small Molecules (Drug Products)—As of June 14, 2010 (Continued)

31) Amiodarone Hydrochloride Injec-
tion

32) Amlexanox Oral Paste 33) Amlodipine and Benazepril Hydro-
chloride Capsules

34) Amlodipine and Valsartan Tablets 35) Amlodipine, Valsartan and Hydro-
chlorothiazide Tablets

36) Amoxicillin and Clavulanate Potassi-
um Chewable Tablets

37) Amoxicillin Chewable Tablets 38) Amphetamine Aspartate, Amphet-
amine Sulfate, Dextroamphetamine
Saccharate and Dextroamphetamine
Sulfate Tablets

39) Amprenavir Solution

40) Anastrozole Tablets 41) Antazoline Phosphate and Naphazo-
line Hydrochloride Ophthalmic Solution

42) Apomorphine Hydrochloride Injec-
tion

43) Aprepitant Capsules 44) Argatroban Injection 45) Aripiprazole Oral Solution

46) Aripiprazole Orally Disintegrating
Tablets

47) Aripiprazole Tablets 48) Armodafinil Tablets

49) Arsenic Trioxide Injection 50) Aspirin and Dipyridamole Extended-
Release Capsules

51) Atomoxetine Hydrochloride Capsules

52) Atorvastatin Tablets 53) Atovaquone and Proguanil Hydro-
chloride Tablets

54) Atropine and Pralidoxime Chloride
Injection

55) Auranofin Capsules 56) Avobenzone, Ecamsule, and Octo-
crylene Cream

57) Avobenzone, Ecamsule, Octocrylene,
and Titanium Dioxide Cream

58) Avobenzone, Octinoxate, and
Oxybenzone Lotion

59) Azacitidine for Injectable Suspension 60) Azelaic Acid Cream

61) Azelaic Acid Topical Gel 62) Azelastine Hydrochloride Nasal
Spray

63) Azithromycin Ophthalmic Solution

64) Baclofen Injection 65) Beclomethasone Dipropionate
Inhalation Aerosol

66) Beclomethasone Dipropionate
Metered-Dose Nasal Suspension

67) Benazepril Hydrochloride and Hy-
drochlorothiazide Tablets

68) Bendamustine Hydrochloride for
Injection

69) Bentoquatam Topical Suspension

70) Benzphetamine Hydrochloride
Tablets

71) Bepotastine Besylate Ophthalmic
Solution

72) Beractant Intratracheal Suspension

73) Besifloxacin Ophthalmic Suspen-
sion

74) Betaine for Oral Solution 75) Betamethasone Dipropionate Gel

76) Betaxolol Ophthalmic Suspension 77) Bexarotene Capsules 78) Bexarotene Topical Gel

79) Bimatoprost Ophthalmic Solution 80) Bismuth Subcitrate Potassium,
Metronidazole, and Tetracycline Cap-
sules

81) Bortezomib for Injection

82) Bosentan Tablets 83) Brimonidine Tartrate Ophthalmic
Solution

84) Bromfenac Sodium Ophthalmic
Solution

85) Brompheniramine Maleate, Dextro-
methorphan Hydrobromide and
Pseudoephedrine Hcl Oral Solution

86) Budesonide Capsules 87) Buffered Didanosine for Oral Solution

88) Buprenorphine and Naloxone
Sublingual Tablets

89) Buprenorphine Hydrochloride
Injection

90) Buprenorphine Sublingual Tablets

91) Buspirone Hydrochloride Capsules 92) Busulfan Injection 93) Butalbital and Acetaminophen
Capsules

94) Butalbital and Acetaminophen
Tablets

95) Butalbital, Acetaminophen, and
Caffeine Oral Solution

96) Butalbital, Acetaminophen, Caffeine,
and Codeine Phosphate Capsules

97) Butenafine Hydrochloride Cream 98) Calcipotriene Ointment 99) Calcipotriene Topical Solution

100) Calcitriol Capsules 101) Calcitriol Ointment 102) Calcitriol Oral Solution

103) Calcium Acetate Capsules 104) Calfactant Intratracheal Suspen-
sion

105) Candesartan Cilexetil and Hydro-
chlorothiazide Tablets

106) Candesartan Cilexetil Tablets 107) Carbamazepine Chewable Tablets 108) Carbamazepine Extended-Release
Capsules

109) Carbidopa and Levodopa
Extended-Release Tablets

110) Carbidopa and Levodopa Orally
Disintegrating Tablets

111) Carbidopa Tablets

112) Carbidopa, Levodopa, and
Entacapone Tablets

113) Carbinoxamine Maleate Oral
Solution

114) Carboplatin Injection

115) Carglumic Acid Tablets 116) Carmustine Implant 117) Caspofungin Acetate for Injection

118) Cefepime Injection 119) Ceftibuten Capsules 120) Ceftibuten for Oral Suspension

121) Celecoxib Capsules 122) Cetirizine Hydrochloride Chewable
Tablets

123) Cetrorelix Injection

124) Cevimeline Hydrochloride Cap-
sules

125) Chloramphenicol Sodium Succi-
nate Injection

126) Chlorpheniramine Maleate
Extended-Release Tablets

127) Ciclopirox Shampoo 128) Ciclopirox Topical Gel 129) Cidofovir Injection
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Small Molecules (Drug Products)—As of June 14, 2010 (Continued)

130) Cimetidine Oral Solution 131) Ciprofloxacin Extended-Release
Tablets

132) Ciprofloxacin Hydrochloride and
Hydrocortisone Otic Suspension

133) Ciprofloxacin Oral Suspension 134) Ciprofloxacin Otic Solution 135) Cisatracurium Injection

136) Cisplatin Injection 137) Citalopram Capsules 138) Citric Acid, Gluconolactone, and
Magnesium Carbonate Irrigation

139) Cladribine Injection 140) Clemastine Fumarate, Acetamino-
phen and Pseudoephedrine Hydrochlor-
ide Tablets

141) Clemastine Oral Solution

142) Clindamycin and Benzoyl Peroxide
Topical Gel

143) Clindamycin Phosphate and
Tretinoin Gel

144) Clindamycin Phosphate Injection

145) Clobetasol Propionate Foam 146) Clobetasol Propionate Gel 147) Clobetasol Propionate Lotion

148) Clofarabine Injection 149) Clonidine Extended-Release
Tablets

150) Clonidine Oral Suspension

151) Clotrimazole and Betamethasone
Dipropionate Lotion

152) Clozapine Orally-Disintegrating
Tablets

153) Colesevelam Hydrochloride Oral
Suspension

154) Colesevelam Hydrochloride
Tablets

155) Conjugated Estrogens and Me-
droxyprogesterone Acetate Tablets

156) Conjugated Estrogens Vaginal
Cream

157) Cromolyn Sodium Oral Solution 158) Crotamiton Lotion 159) Cyclopentolate Hydrochloride and
Phenylephrine Hydrochloride Ophthal-
mic Solution

160) Cyclosporine Ophthalmic Emul-
sion

161) Cysteamine Bitartrate Capsules 162) Cytarabine Injection

163) Cytarabine Liposome Injection 164) Dalfampridine Extended-Release
Tablets

165) Dalfopristin and Quinupristin
Injection

166) Darifenacin Extended-Release
Tablets

167) Darunavir Tablets 168) Daunorubicin Hydrochloride Injec-
tion

169) Decitabine for Injection 170) Desflurane for Inhalation 171) Desirudin for Injection

172) Des loratadine and Pseudo-
ephedrine Sulfate Extended-Release
Tablets

173) Desloratadine Oral Solution 174) Desloratadine Orally Disintegrating
Tablets

175) Desloratadine Tablets 176) Desonide Lotion 177) Dexrazoxane for Injection

178) Dextroamphetamine Sulfate
Extended-Release Capsules

179) Diatrizoate Sodium for Oral Solu-
tion

180) Diatrizoic Acid and Iodipamide
Injection

181) Diazepam Oral Solution 182) Diazepam Rectal Gel 183) Diclofenac Epolamine Topical Patch

184) Diclofenac Sodium Ophthalmic
Solution

185) Diclofenac Sodium Topical Gel 186) Diclofenac Sodium Topical Solution

187) Didanosine Delayed-Release
Capsules

188) Diltiazem Hydrochloride Extended-
Release Tablets

189) Dimethyl Sulfoxide Intravesical
Solution

190) Dinoprostone Vaginal Supposi-
tories

191) Diphenhydramine Hydrochloride
and Ibuprofen Capsules

192) Docosanol Cream

193) Dofetilide Capsules 194) Doripenem for Injection 195) Dorzolamide and Timolol Ophthal-
mic Solution

196) Dorzolamide Ophthalmic Solution 197) Doxazosin Extended-Release
Tablets

198) Doxepin Hydrochloride Tablets

199) Doxycycline Hyclate
Extended-Release Periodontal System

200) Doxycycline Hyclate for Injection 201) Dronedarone Tablets

202) Dutasteride Capsules 203) Econazole Nitrate Cream 204) Edrophonium Chloride and Atropine
Sulfate Injection

205) Efavirenz Tablets 206) Eflornithine Hydrochloride Cream 207) Enfuvirtide for Injection

208) Entecavir Oral Solution 209) Entecavir Tablets 210) Epinastine Hydrochloride Ophthal-
mic Solution

211) Epirubicin Hydrochloride for
Injection

212) Epirubicin Hydrochloride Injection 213) Eplerenone Tablets

214) Epoprostenol for Injection 215) Eprosartan Mesylate and Hydro-
chlorothiazide Tablets

216) Eprosartan Tablets

217) Eptifibatide Injection 218) Escitalopram Capsules 219) Escitalopram Oral Solution

220) Esmolol Hydrochloride Injection 221) Esomeprazole Magnesium
Delayed-Release Capsules

222) Esomeprazole Magnesium for
Delayed-Release Oral Suspension

223) Esomeprazole Sodium Injection 224) Estradiol and Norethindrone
Acetate Transdermal System

225) Estradiol and Norgestimate Tablets

226) Estradiol Gel 227) Estradiol Topical Emulsion 228) Estradiol Vaginal Ring

229) Estramustine Phosphate Sodium
Capsules

230) Eszopiclone Tablets 231) Ethanolamine Oleate Injection
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Small Molecules (Drug Products)—As of June 14, 2010 (Continued)

232) Ethinyl Estradiol and Levonorges-
trel Transdermal System

233) Etonogestrel and Ethinyl Estradiol
Vaginal System

234) Etonogestrel Implant

235) Everolimus Tablets 236) Exemestane Tablets 237) Famotidine Chewable Tablets

238) Famotidine, Calcium Carbonate,
and Magnesium Hydroxide Tablets

239) Febuxostat Tablets 240) Felbamate Oral Suspension

241) Felbamate Tablets 242) Fenofibrate Tablets 243) Fenofibric Acid Tablets

244) Fentanyl Lozenges 245) Ferric Sodium Gluconate Injection 246) Fexofenadine Hydrochloride Oral
Suspension

247) Fexofenadine Hydrochloride Oral-
ly Disintegrating Tablets

248) Fluconazole for Oral Suspension 249) Flunisolide Inhalation Aerosol

250) Flunisolide Nasal Spray 251) Fluocinolone Acetonide Shampoo 252) Fluocinolone Acetonide, Hydroqui-
none and Tretinoin Cream

253) Fluorescein Sodium Injection 254) Fluorometholone Ointment 255) Fluvastatin Sodium Extended-
Release Tablets

256) Fomepizole Injection 257) Fosaprepitant Dimeglumine for
Injection

258) Foscarnet Sodium Injection

259) Fosfomycin for Oral Solution 260) Frovatriptan Succinate Tablets 261) Gadobenate Dimeglumine Injection

262) Gadofosveset Trisodium Injection 263) Gadoxetate Disodium Injection 264) Galantamine Extended-Release
Capsules

265) Galantamine Oral Solution 266) Gallium Nitrate Injection 267) Ganciclovir Capsules

268) Ganciclovir Ophthalmic Gel 269) Ganirelix Acetate Injection 270) Gatifloxacin Ophthalmic Solution

271) Glipizide Extended-Release Tablets 272) Guanidine Hydrochloride Tablets 273) Halobetasol Propionate Cream

274) Halobetasol Propionate Ointment 275) Haloperidol Decanoate Injection 276) Hydralazine Hydrochloride and
Hydrochlorothiazide Capsules

277) Hydrocodone Bitartrate and
Acetaminophen Capsules

278) Hydrocodone Bitartrate and
Acetaminophen Oral Solution

279) Hydrocodone Bitartrate and Homa-
tropine Methylbromide Syrup

280) Hydrocodone Bitartrate and Ibu-
profen Tablets

281) Hydrocodone Polistirex and Chlor-
pheniramine Polistirex Extended-Release
Capsules

282) Hydrocodone Polistirex and
Chlorpheniramine Polistirex Extended-
Release Suspension

283) Hydrocortisone Acetate and
Pramoxine Hydrochloride Cream

284) Hydrocortisone Acetate and
Pramoxine Hydrochloride Topical
Aerosol

285) Hydrocortisone Acetate and Pro-
moxine Hydrochloride Lotion

286) Hydrocortisone Acetate and Urea
Cream

287) Hydrocortisone Acetate Dental
Paste

288) Hydrocortisone Acetate Rectal Foam
Aerosol

289) Hydrocortisone Butyrate Ointment 290) Hydrocortisone Probutate Cream 291) Hydromorphone Hydrochloride
Extended-Release Tablets

292) Ibandronate Sodium 293) Ibandronate Sodium Injection 294) Ibandronate Sodium Tablets

295) Ibuprofen and Pseudoephedrine
Hydrochloride Capsules

296) Ibuprofen and Pseudoephedrine
Hydrochloride Suspension

297) Ibuprofen Chewable Tablets

298) Ibutilide Fumarate Injection 299) Idarubicin Hydrochloride Injection 300) Ifosfamide Injection

301) Iloperidone Tablets 302) Iloprost Inhalation Solution 303) Imipramine Pamoate Capsules

304) Imiquimod Cream 305) Insoluble Prussian Blue Capsules 306) Iohexol Solution

307) Isocarboxazid Tablets 308) Isosulfan Blue Injection 309) Isradipine Extended-Release Tablets

310) Itraconazole Capsules 311) Itraconazole Oral Solution 312) Ketoconazole Cream

313) Ketoconazole Shampoo 314) Ketorolac Tromethamine Ophthal-
mic Solution

315) Ketotifen Fumarate Ophthalmic
Solution

316) Lacosamide Injection 317) Lacosamide Tablets 318) Lactulose for Oral Solution

319) Lamivudine Tablets 320) Lamotrigine Extended-Release
Tablets

321) Lamotrigine Orally Disintegrating
Tablets

322) Latanoprost Ophthalmic Solution 323) Lepirudin for Injection 324) Leucovorin Calcium for Injection

325) Levetiracetam Extended-Release
Tablets

326) Levetiracetam Injection 327) Levetiracetam Oral Solution

328) Levocetirizine Dihydrochloride
Oral Solution

329) Levocetirizine Dihydrochloride
Tablets

330) Levofloxacin Injection

331) Levofloxacin Ophthalmic Solution 332) Levofloxacin Tablets 333) Levonorgestrel Tablets

334) Lidocaine Oral Transmucosal
System

335) Lidocaine Transdermal System 336) Linezolid Injection

337) Linezolid Oral Suspension 338) Linezolid Tablets 339) Liothyronine Injection

340) Lodoxamide Ophthalmic Solution 341) Loperamide Hydrochloride and
Simethicone Chewable Tablets

342) Loperamide Hydrochloride and
Simethicone Tablets

343) Lopinavir and Ritonavir Capsules 344) Lopinavir and Ritonavir Oral
Solution

345) Loratadine Chewable Tablets
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Small Molecules (Drug Products)—As of June 14, 2010 (Continued)

346) Loratadine Oral Suspension 347) Loteprednol Etabonate and Tobra-
mycin Ophthalmic Suspension

348) Loteprednol Etabonate Ophthalmic
Suspension

349) Lubiprostone Capsules 350) Mannitol Irrigation 351) Melphalan for Injection

352) Memantine Hydrochloride Tablets 353) Menthol and Methyl Salicylate
Transdermal System

354) Mequinol and Tretinoin Topical
Solution

355) Mesalamine Suppositories 356) Mesna Injection 357) Metaxalone Tablets

358) Methacholine Chloride for Inhala-
tion Solution

359) Methocarbamol and Aspirin
Tablets

360) Methylnaltrexone Bromide Injection

361) Methylphenidate Hydrochloride
Chewable Tablets

362) Methylphenidate Transdermal
System

363) Metipranolol Ophthalmic Solution

364) Metoclopramide Hydrochloride
Orally Disintegrating Tablets

365) Metronidazole Cream 366) Metronidazole Extended-Release
Tablets

367) Metronidazole Hydrochloride for
Injection

368) Metronidazole Lotion 369) Micafungin Sodium for Injection

370) Midazolam Oral Suspension 371) Milrinone Injection 372) Minocycline Hydrochloride
Extended-Release Tablets

373) Misoprostol and Diclofenac So-
dium Tablets

374) Moexipril Hydrochloride and
Hydrochlorothiazide Tablets

375) Moexipril Hydrochloride Tablets

376) Mometasone Furoate Inhalation
Powder

377) Montelukast Chewable Tablets 378) Montelukast Oral Granules

379) Morphine Sulfate and Naltrexone
Hydrochloride Extended-Release
Capsules

380) Morphine Sulfate Oral Solution 381) Moxifloxacin Injection

382) Moxifloxacin Tablets 383) Mycophenolate Mofetil Oral
Solution

384) Nabilone Capsules

385) Nalbuphine Hydrochloride Injec-
tion

386) Naproxen Extended-Release
Tablets

387) Naproxen Sodium Capsules

388) Nelarabine Injection 389) Nelfinavir Tablets 390) Neomycin Sulfate Oral Powder

391) Nepafenac Ophthalmic Suspen-
sion

392) Nesiritide for Injection 393) Niacin and Lovastatin Extended-
Release Tablets

394) Niacin and Simvastatin Extended-
Release Tablets

395) Nicardipine Hydrochloride Cap-
sules

396) Nicardipine Hydrochloride
Extended-Release Capsules

397) Nicardipine Hydrochloride Injec-
tion

398) Nicotine Inhaler 399) Nicotine Metered-Dose Nasal Inha-
ler

400) Nicotine Polacrilex Lozenge 401) Nilutamide Tablets 402) Nisoldipine Extended-Release
Tablets

403) Nitazoxanide for Oral Suspension 404) Nitazoxanide Tablets 405) Nizatidine Oral Solution

406) Nizatidine Tablets 407) Ofloxacin Otic Solution 408) Olanzapine for Injection

409) Olanzapine Orally-Disintegrating
Tablets

410) Olopatadine Hydrochloride Nasal
Spray

411) Olsalazine Sodium Capsules

412) Omeprazole Delayed-Release
Tablets

413) Orphenadrine Citrate, Aspirin, and
Caffeine Tablets

414) Oxacillin Sodium for Injection

415) Oxiconazole Cream 416) Oxycodone and Acetaminophen
Oral Solution

417) Oxycodone Hydrochloride and
Ibuprofen Tablets

418) Oxymorphone Hydrochloride
Extended-Release Tablets

419) Oxymorphone Hydrochloride
Tablets

420) Paclitaxel for Suspension

421) Paliperidone Extended-Release
Tablets

422) Palonosetron Capsules 423) Palonosetron Hydrochloride Injec-
tion

424) Pantoprazole Sodium for Delayed-
Release Suspension

425) Paroxetine Hydrochloride
Extended-Release Tablets

426) Paroxetine Oral Suspension

427) Peg 3350 for Oral Solution 428) Pemirolast Potassium Ophthalmic
Solution

429) Penciclovir Cream

430) Pentamidine Isethionate for Inha-
lation

431) Phendimetrazine Tartrate
Extended-Release Capsules

432) Pilocarpine Hydrochloride Ophthal-
mic Gel

433) Pioglitazone and Glimepiride
Tablets

434) Pioglitazone and Metformin Hy-
drochlorides Extended-Release Tablets

435) Pioglitazone and Metformin Hydro-
chlorides Tablets

436) Piperonyl Butoxide and Pyrethrins
Aerosol Foam

437) Plerixafor Injection 438) Podofilox Gel

439) Podofilox Topical Solution 440) Poractant Alfa Suspension 441) Porfimer Sodium for Injection

442) Povidone-Iodine Gauze 443) Povidone-Iodine Topical Aerosol
Solution

444) Pramipexole Dihydrochloride
Extended-Release Tablets

445) Pramipexole Dihydrochloride
Tablets

446) Prednisolone Acetate Oral
Suspension

447) Prednisolone Sodium Phosphate
Oral Solution
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Small Molecules (Drug Products)—As of June 14, 2010 (Continued)

448) Prednisolone Sodium Phosphate
Orally Disintegrating Tablets

449) Progesterone Vaginal Gel 450) Propafenone Hydrochloride
Extended-Release Capsules

451) Propafenone Hydrochloride
Tablets

452) Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Ibupro-
fen Oral Suspension

453) Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Ibupro-
fen Tablets

454) Pseudoephedrine Sulfate and
Dexbrompheniramine Maleate
Extended-Release Tablets

455) Quetiapine Fumarate Extended-
Release Tablets

456) Quetiapine Fumarate Tablets

457) Quinapril and Hydrochlorothia-
zide Tablets

458) Ramipril Tablets 459) Ranitidine Effervescent Tablets

460) Rasagiline Tablets 461) Remifentanil for Injection 462) Rifapentine Tablets

463) Risperidone Injection 464) Ritonavir Oral Solution 465) Ritonavir Tablets

466) Rivastigmine Tartrate Oral Solution 467) Rivastigmine Transdermal System 468) Rizatriptan Benzoate Orally-
Disintegrating Tablets

469) Rizatriptan Benzoate Tablets 470) Rocuronium Bromide Injection 471) Ropinirole Extended-Release Tablets

472) Rosiglitazone and Metformin
Hydrochloride Tablets

473) Rosiglitazone Maleate and Glime-
piride Tablets

474) Rosiglitazone Maleate Tablets

475) Selegiline Hydrochloride Capsules 476) Selegiline Hydrochloride Orally
Disintegrating Tablets

477) Sertaconazole Nitrate Cream

478) Sertraline Hydrochloride Oral
Solution

479) Sevelamer Carbonate for Oral
Suspension

480) Sevelamer Tablets

481) Sibutramine Hydrochloride
Capsules

482) Sildenafil Injection 483) Silodosin Capsules

484) Sirolimus Oral Solution 485) Sirolimus Tablets 486) Sodium Phenylbutyrate Oral Powder

487) Sodium Phenylbutyrate Tablets 488) Sodium Phosphates Tablets 489) Sodium Salicylate and Sulfur
Shampoo

490) Streptozocin for Injection 491) Sucralfate Oral Suspension 492) Sulconazole Nitrate Cream

493) Sulfacetamide Sodium and Pred-
nisolone Sodium Phosphate Ophthal-
mic Solution

494) Sulfasalazine Oral Suspension 495) Sumatriptan Injection

496) Synthetic Conjugated Estrogens
Vaginal Cream

497) Tacrolimus Injection 498) Tacrolimus Ointment

499) Tazarotene Topical Gel 500) Telmisartan and Amlodipine
Tablets

501) Temozolomide Capsules

502) Temozolomide for Injection 503) Temsirolimus Injection 504) Teniposide Injection

505) Terbinafine Gel 506) Terbinafine Hydrochloride Cream 507) Terbinafine Hydrochloride Oral
Granules

508) Terbinafine Hydrochloride Topical
Spray

509) Terbinafine Topical Solution 510) Terconazole Vaginal Cream

511) Terconazole Vaginal Suppositories 512) Testosterone Topical Gel 513) Testosterone Transdermal System

514) Tetrabenazine Tablets 515) Theophylline Elixir 516) Theophylline Extended-Release
Tablets

517) Tiagabine Hydrochloride Tablets 518) Tiludronate Acid Tablets 519) Tinidazole Tablets

520) Tioconazole Vaginal Ointment 521) Tiopronin Tablets 522) Tirofiban Injection

523) Tolterodine Capsules 524) Tolterodine Tablets 525) Tolvaptan Tablets

526) Topotecan Capsules 527) Topotecan for Injection 528) Toremifene Tablets

529) Torsemide Injection 530) Trandolapril and Verapamil Hydro-
chloride Extended-Release Tablets

531) Tranexamic Acid Injection

532) Tranexamic Acid Tablets 533) Treprostinil Inhalation Solution 534) Tretinoin Capsules

535) Trifluridine Ophthalmic Solution 536) Trimipramine Maleate Capsules 537) Trospium Chloride Tablets

538) Trypan Blue Ophthalmic Solution 539) Valganciclovir Hydrochloride Oral
Solution

540) Valproic Acid Delayed-Release
Capsules

541) Vigabatrin for Oral Solution 542) Vigabatrin Tablets 543) Zafirlukast Tablets

544) Zanamivir for Inhalation 545) Zileuton Extended-Release Tablets 546) Zileuton Tablets

547) Zinc Acetate Capsules 548) Ziprasidone Capsules 549) Ziprasidone for Injection

550) Ziprasidone Oral Suspension 551) Zoledronic Acid for Injection 552) Zoledronic Acid Injection

553) Zolmitriptan Nasal Spray 554) Zolmitriptan Orally Disintegrating
Tablets

555) Zolmitriptan Tablets

556) Zolpidem Tartrate Oral Spray
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INACTIVE INGREDIENTS. The following list contains
monographs USP is seeking for inactive ingredients. This
list has been updated as of June 14, 2010.

Monograph sponsors shou ld consu l t the USP
Guideline for Submitting Requests for Revision to USP–NF
at http://www.usp.org/USPNF/submitMonograph/sub
Guide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Inactive Ingredients—As of June 14, 2010

1) 1,2,6-Hexanetriol 2) Acetophenone 3) Acetyltryptophan

4) Acrylic Acid And Octyl Acrylate
Copolymer

5) Aluminum Hydroxide 6) Calcium Pyrophosphate

7) Carbomer 980 8) Cardamom 9) Carmine

10) Cassia Oil 11) Cedar Leaf Oil 12) Cinnamaldehyde

13) Cinnamon 14) Cinnamon Oil 15) Cysteine

16) Diatomaceous Earth 17) Eucalyptus Oil 18) Hydrocarbon Gel

19) Invert Sugar 20) Isobutyl Alcohol 21) Karaya Gum

22) Lactose Monohydrate—Cellulose,
Microcrystalline

23) Lanolin (Wool Fat), Hydrogenated 24) Lime Oil

25) Locust Bean Gum 26) Mannose 27) Monosodium Citrate

28) Phenethyl Alcohol 29) Polyethylene 30) Polypropylene Glycol

31) Propenyl Guaethol 32) Sodium Carbonate Decahydrate 33) Sodium Caseinate

34) Sodium Nitrate 35) Sodium Trimetaphosphate 36) Spearmint Oil

37) Stannous Chloride Anhydrous 38) T-Butylhydroquinone 39) Tetrafluoroethane

40) Tristearin (Glyceryl Tristearate)
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INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Stan-
dards
� Newly adopted (official) revisions to the USP–NF that become official before the official date of the next Supplement or
that were not ready for adoption by the closing date for the upcoming Supplement. (The official date for these revisions is
stated on the next page.)
� Errata

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

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

Where the symbols appear together with no enclosed text, such as .
., it means that text has been deleted and no new

text was proposed to replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the issue
of a given PF volume.

Errata—Errata are considered to be text, erroneously published in the USP–NF or its Supplements, that do not accurately
reflect the intended official requirements of the Council of Experts. At the end of the Interim Revision Announcement sec-
tion in this publication is a list of errata and corrections to the USP–NF. The page number indicates where the item is
found in USP–NF. Errata lists are updated as necessary in each Pharmacopeial Forum and also appear on USP’s website
(www.usp.org). Errata lists will be cumulative in future Supplements, and the corrected text will appear in the next annual
edition of USP–NF.
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INTERIM REVISION
ANNOUNCEMENT

to USP 33 and to NF 28 REISSUE

By authority of the United States Pharmacopeial Convention, Inc.

Prepared by the Council of Experts and published by the Board of Trustees

Duane M. Kirking, Pharm.D., Ph.D.,
Chair, USP Board of Trustees,

USP Trustee At-Large

Roger L. Williams, M.D., Chief Executive Officer
and Chairman, USP Council of Experts

Susan de Mars, J.D., Chief Documentary Standards Officer and General Counsel
William F. Koch, Ph.D., FACB, Chief Standards Acquisition and Metrology Officer

Released September 1, 2010 Official October 1, 2010

Inquiries regarding USP–NF can be addressed to the USP Executive Secretariat, 12601 Twinbrook Parkway,
Rockville, MD 20852, USA (execsec@usp.org).
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New USP Reference Standards

The following USP Reference Standards, which were
not available when the associated monograph was made
official, have since become available. The respective offi-
cial date of each USP–NF standard, test, or assay requir-
ing the use of the following USP Reference Standards is
indicated in parentheses after the name of the Reference
Standard. Note that the official date is six months after
the notice of availability for this Reference Standard
was published in PF.

USP Powdered Echinacea Pallida Extract RS (February 1, 2011)
USP Oleyl Oleate RS (September 1, 2010)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP–NF standards, tests, or as-
says requiring the use of the following new USP Refer-
ence Standards are postponed until further notice
pending availability of the respective Reference Stan-
dards. This listing was updated as of June 15, 2010.
Please refer to the current USP Catalog for a more up-
to-date availability list. The USP Catalog can be accessed
on-line at http://www.uspcatalog.com.

USP Acarbose RS
USP Acarbose System Suitability Mixture RS
USP Albumin Human RS
USP Alteplase RS
USP Amifostine RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Eucatropine Hydrochloride RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin Related Compound A RS
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AnalysisMONOGRAPHS (USP) Samples:  Standard solution and Sample solution
Allow the spots to dry, and place the plate in a saturated
chamber containing the solvent system and lined with filter
paper. Develop the chromatogram until the solvent front
has moved three-fourths of the length of the plate. Remove
the plate from the developing chamber, mark the solvent
front, allow the plate to air-dry, and examine under short-

. wavelength UV light.
Acceptance criteria:  The RF value of the principal spot of theCephalexin
Sample solution corresponds to that of the Standard solution.•5

ASSAY

Change to read:

 
• PROCEDURE

C16H17N3O4S · H2O 365.40 Mobile phase:  0.985 g/L of sodium-1-pentanesulfonate in a
mixture of acetonitrile, methanol, triethylamine, and waterC16H17N3O4S 347.40
(20:10:3:170), adjusted with phosphoric acid to a pH of5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[(ami-
3.0 ± 0.1nophenylacetyl)amino]-3-methyl-8-oxo-, monohydrate, [6R-[6α, ••57β (R*)]]-;

Standard stock solution:  1 mg/mL of USP Cephalexin RS in(6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-
waterthia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid monohy-

Standard solution:  •0.4 mg/mL of cephalexin in Mobile phasedrate [23325-78-2].
from Standard stock solution•5Anhydrous [15686-71-2].

Sample stock solution:  1 mg/mL of Cephalexin in water
Sample solution:  •0.4 mg/mL of Cephalexin in Mobile phaseDEFINITION
from Sample stock solution•5Cephalexin has a potency of NLT 950 µg and NMT 1030 µg of

Chromatographic systemC16H17N3O4S/mg, calculated on the anhydrous basis.
(See Chromatography 〈621〉, System Suitability.)

IDENTIFICATION Mode:  LC
• A. INFRARED ABSORPTION 〈197K〉 Detector:  UV 254 nm

Column:  4.6-mm × 25-cm; packing L1 of low acidity
Flow rate:  1.5 mL/minDelete the following: Injection size:  20 µL

System suitability
Sample:  Standard solution•• B. ULTRAVIOLET ABSORPTION 〈197U〉 ••5Sample solution:  0.02 mg/mL of Cephalexin in water
Suitability requirementsStandard solution:  0.02 mg/mL of USP Cephalexin RS in ••5water

Relative standard deviation:  NMT 2.0%Absorptivity:  On the anhydrous basis, at peak maxima about
Analysis262 nm: 95.0%–104.0% of Sample solution to Standard solu-
Samples:  Standard solution and Sample solutiontion corrected for potency
Calculate the quantity, in µg, of C16H17N3O4S per mg of theAcceptance criteria:  Peak maxima and minima at the same
Cephalexin taken:wavelengths•5

•Result = (rU/rS) × (CS/CU) × P
Add the following:

rU = peak response from the Sample solution
rS = peak response from the Standard solution•5•• B.  The retention time of the major peak of the Sample solu- CS = concentration of USP Cephalexin RS in the Stan-

tion corresponds to that of the Standard solution, as obtained dard solution (mg/mL)
in the Assay.•5 CU = concentration of Cephalexin in the Sample solu-

tion (mg/mL)
P = designated content of cephalexin in USPDelete the following:

Cephalexin RS (µg/mg)
Acceptance criteria:  950–1030 µg/mg on the anhydrous
basis•• C. THIN-LAYER CHROMATOGRAPHY

Standard solution:  25 mg/mL of USP Cephalexin RS in water
IMPURITIESwith the aid of 0.1 N hydrochloric acid
Organic ImpuritiesSample solution:  25 mg/mL in water, with 0.1 N hydrochloric
• PROCEDURE 1acid

Solution A:  Dissolve 1 g of sodium 1-pentanesulfonate in aChromatographic system
mixture of 1000 mL of water and 15 mL of triethylamine.(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Adjust with phosphoric acid to a pH of 2.5 ± 0.1.Mode:  TLC

Solution B:  Dissolve 1 g of sodium 1-pentanesulfonate in aAdsorbent:  0.25-mm layer of chromatographic silica gel
mixture of 300 mL of water and 15 mL of triethylamine.mixture
Adjust with phosphoric acid to a pH of 2.5 ± 0.1, and addApplication volume:  5 µL
350 mL of acetonitrile and 350 mL of methanol.Developing solvent system:  Ethyl acetate, acetonitrile, gla-

cial acetic acid, and water (21:7:7:9)
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Mobile phase:  See the gradient table below. IDENTIFICATION

Time Solution A Solution B Delete the following:
(min) (%) (%) 

0 100 0 •• A. THIN-LAYER CHROMATOGRAPHY1 100 0
Standard solution:  3 mg/mL of USP Cephalexin RS in water

33.3 0 100 Sample solution:  3 mg/mL of cephalexin from Capsules in
34.3 0 100 water and filter

Chromatographic systemDiluent:  18 mg/mL of monobasic potassium phosphate in (See Chromatography 〈621〉, Thin-Layer Chromatography.)water Mode:  TLCStandard solutions:  0.08 mg/mL and 0.16 mg/mL of Adsorbent:  0.25-mm layer of binder-free silica gelC16H17N3O4S from USP Cephalexin RS in Diluent, taking into Application volume:  10 µLaccount the stated potency of the USP Cephalexin RS Pre-developing solvent system:  n-Hexane and tetradecaneSample solution:  5 mg/mL of Cephalexin in Diluent (95:5)Chromatographic system Ninhydrin solution:  66.7 mg/mL of ninhydrin in acetone(See Chromatography 〈621〉, System Suitability.) Developing solvent system:  0.1 M citric acid, 0.1 M dibasicMode:  LC sodium phosphate, and Ninhydrin solution (60:40:1.5)Detector:  UV 254 nm AnalysisColumn:  4.6-mm × 25-cm; packing L1 of low acidity Samples:  Standard solution and Sample solutionFlow rate:  1 mL/min Allow the solvent front to move the length of the plate inInjection size:  20 µL the Pre-developing solvent system, remove the plate from theAnalysis chamber, and allow the solvent to evaporate. On this plateSamples:  Standard solutions and Sample solution apply 10 µL each of the Sample solution and Standard solu-Plot the responses of the cephalexin peaks from the Stan- tion. Allow the spots to dry, and develop the chromatogramdard solutions versus their concentrations, calculated on the in the Developing solvent system until the solvent front hasanhydrous basis, in mg/mL, and draw a straight line moved three-fourths of the length of the plate. Remove thethrough the two points and zero. From the line so ob- plate from the developing chamber, mark the solvent front,tained and the peak responses of the Sample solution, de- dry the plate for 10 min at 110°, and examine thetermine the concentration, I, in mg/mL, of each chromatogram.cephalexin-related substance of the Sample solution other Acceptance criteria:  The RF value of the principal spot of thethan the cephalexin peak. Sample solution corresponds to that of the StandardCalculate the percentage of each cephalexin-related solution.•5substance:

Result = I/C × 100 Add the following:

•I = concentration of each cephalexin-related sub-
stance in the Sample solution as determined •• The retention time of the major peak of the Sample solu-
from the calibration curve (mg/mL)•5 tion corresponds to that of the Standard solution, as ob-

Acceptance criteria tained in the Assay.•5

Individual impurities:  NMT 1.0% of any individual
ASSAYcephalexin-related substance

Total impurities:  NMT 5.0%
• PROCEDURE 2: DIMETHYLANILINE 〈223〉:  Meets the requirement Change to read:
SPECIFIC TESTS
• OPTICAL ROTATION, Specific Rotation 〈781S〉:  +149° to +158° • PROCEDURE

Sample solution:  5 mg/mL, in pH 4.4 neutralized phthalate Mobile phase:  0.985 g/L of sodium 1-pentanesulfonate in a
buffer (See Reagents, Indicators, and Solutions—Buffer Solutions) mixture of acetonitrile, methanol, triethylamine, and water• CRYSTALLINITY 〈695〉:  Meets the requirements (20:10:3:170), adjusted with phosphoric acid to a pH of• PH 〈791〉:  3.0–5.5, in an aqueous suspension containing 50 3.0 ± 0.1
mg/mL ••5• WATER DETERMINATION, Method I 〈921〉:  4.0%–8.0% Standard stock solution:  1 mg/mL of USP Cephalexin RS in

waterADDITIONAL REQUIREMENTS
Standard solution:  •0.4 mg/mL of cephalexin in Mobile phase• PACKAGING AND STORAGE:  Preserve in tight containers.
from Standard stock solution•5• USP REFERENCE STANDARDS 〈11〉

Sample stock solution:  Equivalent to 1 mg/mL of cephalexinUSP Cephalexin RS
from combined contents of NLT 20 Capsules in water. Soni-
cate, if necessary, to dissolve the cephalexin. Filter, if neces-
sary, to obtain a clear solution.

Sample solution:  •0.4 mg/mL of cephalexin in Mobile phase
.

from Sample stock solution•5Cephalexin Capsules Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

DEFINITION Mode:  LC
Cephalexin Capsules contain the equivalent of NLT 90.0% and Detector:  UV 254 nm

NMT 120.0% of the labeled amount of cephalexin Column:  4.6-mm × 25-cm; packing L1 of low acidity
(C16H17N3O4S). Flow rate:  1.5 mL/min

Injection size:  20 µL
System suitability
Sample:  Standard solution
••5
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Suitability requirements Ninhydrin solution:  66.7 mg/mL of ninhydrin in acetone
••5 Chromatographic system
Relative standard deviation:  NMT 2.0% Mode:  TLC

Analysis Adsorbent:  0.25-mm layer of binder-free silica gel
Samples:  Standard solution and Sample solution Application volume:  10 µL
Calculate the percentage of C16H17N3O4S in the portion of Pre-developing solvent:  n-Hexane and tetradecane (95:5)
Capsules taken: Developing solvent:  0.1 M citric acid, 0.1 M dibasic sodium

phosphate, and Ninhydrin solution (120:80:3)•Result = (rU/rS) × (CS/CU) × P × F × 100 Analysis
Samples:  Standard solution and Sample solution

rU = response from the Sample solution Place the plate in Pre-developing solvent at a depth of 1 cm
rS = response from the Standard solution•5 and allow the solvent front to move the length of the plate,
CS = concentration of USP Cephalexin RS in the Stan- remove the plate from the chamber, and allow the solvent

dard solution (mg/mL) to evaporate. On this plate apply 10 µL each of the Sample
CU = nominal concentration of cephalexin in the Sam- solution and the Standard solution. Allow the spots to dry,

ple solution (mg/mL) and develop the chromatogram in the Developing solvent
P = designated content of cephalexin in USP until the solvent front has moved three-fourths of the length

Cephalexin RS (µg/mg) of the plate. Remove the plate from the developing cham-
F = unit conversion factor, 0.001 mg/µg ber, mark the solvent front, dry the plate for 10 min at

Acceptance criteria:  90.0%–120.0% 110°, and examine the chromatogram.
Acceptance criteria:  The RF value of the principal spot of thePERFORMANCE TESTS Sample solution corresponds to that of the Standard solution•5• DISSOLUTION 〈711〉

Medium:  Water; 900 mL
Apparatus 1:  100 rpm Add the following:
Time:  30 min
Sample solution:   Pass a portion of the solution under test •• The retention time of the major peak of the Sample solutionthrough a suitable filter. Dilute with Medium, if necessary, to a

corresponds to that of the Standard solution, as obtained inconcentration of about 20 µg/mL.
the Assay.•5Standard solution:  20 µg/mL of USP Cephalexin RS in

Medium ASSAYSpectrometric conditions
(See Spectrophotometry and Light-Scattering 〈851〉.)
Mode:  UV Change to read:
Analytical wavelength:  262 nm

Analysis
• PROCEDURESamples:  Standard solution and Sample solution

Mobile phase:  0.985 g/L of sodium 1-pentanesulfonate inTolerances:  NLT 80% (Q) of the labeled amount of
acetonitrile, methanol, triethylamine, and water (20:10:3:170),C16H17N3O4S is dissolved.
adjusted with phosphoric acid to a pH of 3.0 ± 0.1• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

Standard stock solution:  1 mg/mL of USP Cephalexin RS in
SPECIFIC TESTS water

Standard solution:  Mix 10.0 mL of Standard stock solution
with 15.0 mL of Mobile phase.Delete the following: ••5

Sample stock solution:  Nominally equivalent to 1 mg/mL of
cephalexin from Oral Suspension, constituted as directed in•• WATER DETERMINATION, Method I 〈921〉:  NMT 10.0%•5
the labeling, freshly mixed and free from air bubbles. Soni-

ADDITIONAL REQUIREMENTS cate, if necessary, to assure complete dissolution of the
• PACKAGING AND STORAGE:  Preserve in tight containers. cephalexin. Filter, if necessary, to obtain a clear solution.
• USP REFERENCE STANDARDS 〈11〉 Sample solution:  Mix 10.0 mL of Sample stock solution and

USP Cephalexin RS 15.0 mL of Mobile phase.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC

. Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L1 of low acidityCephalexin for Oral Suspension
Flow rate:  1.5 mL/min
Injection size:  20 µLDEFINITION

System suitabilityCephalexin for Oral Suspension is a dry mixture of Cephalexin
Sample:  Standard solutionand one or more suitable buffers, colors, diluents, and flavors. ••5It contains the equivalent of NLT 90.0% and NMT 120.0% of
Suitability requirementsthe labeled amount of C16H17N3O4S per mL when constituted ••5as directed in the labeling.

Relative standard deviation:  NMT 2.0%
IDENTIFICATION Analysis

Samples:  Standard solution and Sample solution
Calculate the percentage of C16H17N3O4S in each mL of OralDelete the following: Suspension taken:

Result = (rU/rS) × (CS/CU) × P × F × 100•• A. THIN-LAYER CHROMATOGRAPHY
Standard solution:  3 mg/mL of USP Cephalexin RS in water rU = cephalexin peak response from the Sample solu-Sample solution:  3 mg/mL of Cephalexin, from Oral Suspen- tionsion constituted as directed in the labeling and filtered rS = cephalexin peak response from the Standard so-

lution
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CS = concentration of USP Cephalexin RS in the Stan- Add the following:
dard stock solution (mg/mL)

CU = nominal concentration of cephalexin from the
Sample stock solution (mg/mL) •• The retention time of the major peak of the Sample solution

P = designated potency of USP Cephalexin RS corresponds to that of the Standard solution, as obtained in
(µg/mg) the Assay.•5

F = unit conversion factor, 0.001 mg/µg
ASSAYAcceptance criteria:  90.0%–120.0%

PERFORMANCE TESTS Change to read:• UNIFORMITY OF DOSAGE UNITS 〈905〉  For solid packaged in sin-
gle-unit containers: meets the requirements

• DELIVERABLE VOLUME 〈698〉:  Meets the requirements • PROCEDURE
Mobile phase:  0.985 g/L of sodium 1-pentanesulfonate in aSPECIFIC TESTS mixture of acetonitrile, methanol, triethylamine, and water
(20:10:3:170). Adjust with phosphoric acid to a pH of

Delete the following: 3.0 ± 0.1.
••5

Standard stock solution:  1 mg/mL of USP Cephalexin RS in•• WATER DETERMINATION, Method I 〈921〉:  NMT 2.0%•5 water
• PH 〈791〉:  3.0–6.0, constituted as directed in the labeling Standard solution:  •0.4 mg/mL of cephalexin in Mobile phase

from Standard stock solution•5ADDITIONAL REQUIREMENTS Sample stock solution:  Equivalent to 1 mg/mL of cephalexin• PACKAGING AND STORAGE:  Preserve in tight containers. from combined contents of powdered Tablets (NLT 20) in• USP REFERENCE STANDARDS 〈11〉 water. Sonicate, if necessary, to assure complete dissolution ofUSP Cephalexin RS the cephalexin. Filter, if necessary, to obtain a clear solution.
Sample solution:  •0.4 mg/mL of cephalexin in Mobile phase
from Sample stock solution•5

Chromatographic system
.

(See Chromatography 〈621〉, System Suitability.)Cephalexin Tablets Mode:  LC
Detector:  UV 254 nm

DEFINITION Column:  4.6-mm × 25-cm; packing L1 of low acidity
Cephalexin Tablets are prepared from Cephalexin or Cephalexin Flow rate:  1.5 mL/min

Hydrochloride. They contain the equivalent of NLT 90.0% and Injection size:  20 µL
NMT 120.0% of the labeled amount of cephalexin System suitability
(C16H17N3O4S). Sample:  Standard solution

••5IDENTIFICATION Suitability requirements
••5

Relative standard deviation:  NMT 2.0%Delete the following:
Analysis
Samples:  Standard solution and Sample solution•• THIN-LAYER CHROMATOGRAPHY Calculate the percentage of C16H17N3O4S in the portion of

Standard solution:  3 mg/mL of USP Cephalexin RS in water Tablets taken:
Sample solution:  3 mg/mL of cephalexin from powdered
Tablets in water and filter •Result = (rU/rS) × (CS/CU) × P × F × 100

Chromatographic system
rU = peak response from the Sample solution(See Chromatography 〈621〉, Thin-Layer Chromatography.)
rS = peak response from the Standard solution•5Mode:  TLC
CS = concentration of USP Cephalexin RS in the Stan-Adsorbent:  0.25-mm layer of binder-free silica gel

dard solution (mg/mL)Application volume:  10 µL
CU = nominal concentration of cephalexin in the Sam-Pre-developing solvent system:  n-Hexane and tetradecane

ple solution (mg/mL)(95:5)
P = designated content of cephalexin in USPNinhydrin solution:  66.7 mg/mL of ninhydrin in acetone

Cephalexin RS (µg/mg)Developing solvent system:  0.1 M citric acid, 0.1 M dibasic
F = unit conversion factor, 0.001 mg/µgsodium phosphate, and Ninhydrin solution (60:40:1.5)

Acceptance criteria:  90.0%–120.0%Analysis
Samples:  Standard solution and Sample solution

PERFORMANCE TESTSAllow the solvent front to move the length of the plate in
• DISSOLUTION 〈711〉the Pre-developing solvent system, remove the plate from the

For Cephalexinchamber, and allow the solvent to evaporate. On this plate,
Medium:  Water; 900 mLapply 10 µL each of the Sample solution and Standard solu-
Apparatus 1:  Use 40-mesh cloth and 100 rpmtion. Allow the spots to dry, and develop the chromatogram
Time:  30 minin the Developing solvent system until the solvent front has
Sample solution:  Pass a portion of the solution under testmoved three-fourths of the length of the plate. Remove the
through a suitable filter. Dilute, if necessary, with Medium toplate from the developing chamber, mark the solvent front,
a concentration that is similar to the Standard solution.dry the plate for 10 min at 110°, and examine the

Standard solution:  20 µg/mL of USP Cephalexin RS inchromatogram.
MediumAcceptance criteria:  The RF value of the principal spot of the

Spectrometric conditionsSample solution corresponds to that of the Standard solution.•5
(See Spectrophotometry and Light-Scattering 〈851〉.)
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Mode:  UV Add the following:
Analytical wavelength:  262 nm

Analysis
Samples:  Standard solution and Sample solution •• The retention time of the major peak of the Sample solution

Tolerances:  NLT 80% (Q) of the labeled amount of corresponds to that of the Standard solution, as obtained in
C16H17N3O4S is dissolved. the Assay.•5

For Cephalexin hydrochloride
ASSAYMedium, Sample solution, Standard solution, Spectromet-

ric conditions, and Analysis:  Proceed as directed For
Cephalexin. Change to read:

Apparatus 1:  Use 10-mesh cloth and 150 rpm
Time:  45 min
Tolerances:  NLT 75% (Q) of the labeled amount of • PROCEDURE
C16H17N3O4S is dissolved. Mobile phase:  0.985 g/L of sodium 1-pentanesulfonate in a

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements mixture of acetonitrile, methanol, triethylamine, and water
(20:10:3:170), adjusted with phosphoric acid to a pH of

SPECIFIC TESTS 3.0 ± 0.1
••5

Standard stock solution:  1 mg/mL of USP Cephalexin RS inDelete the following:
water

Standard solution:  •0.4 mg/mL of cephalexin in Mobile phase
•• WATER DETERMINATION, Method I 〈921〉:  NMT 9.0% where from Standard stock solution•5

Tablets contain Cephalexin; NMT 8.0% where Tablets contain Sample stock solution:  Nominally equivalent to 1 mg/mL of
Cephalexin Hydrochloride•5 cephalexin from combined contents of NLT 20 powdered Tab-

lets for Oral Suspension in water. Pass a portion of the solu-
ADDITIONAL REQUIREMENTS tion through a filter having a 1-µm or finer porosity.
• PACKAGING AND STORAGE:  Preserve in tight containers. Sample solution:  •0.4 mg/mL of cephalexin in Mobile phase
• LABELING:  The label states whether the Tablets contain from Sample stock solution•5

Cephalexin or Cephalexin Hydrochloride. Chromatographic system
• USP REFERENCE STANDARDS 〈11〉 (See Chromatography 〈621〉, System Suitability.)

USP Cephalexin RS Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L1 of low acidity
Flow rate:  1.5 mL/min

. Injection size:  20 µL
Cephalexin Tablets for Oral Suspension System suitability

Sample:  Standard solution
DEFINITION ••5

Cephalexin Tablets for Oral Suspension contain NLT 90.0% and Suitability requirements
NMT 110.0% of the labeled amount of cephalexin ••5

(C16H17N3O4S). Relative standard deviation:  NMT 2.0%
Analysis

IDENTIFICATION Samples:  Standard solution and Sample solution
Calculate the percentage of C16H17N3O4S in each Tablet for
Oral Suspension:Delete the following:

•Result = (rU/rS) × (CS/CU) × P × F × 100
•• A. THIN-LAYER CHROMATOGRAPHY

rU = response from the Sample solutionStandard solution:  3 mg/mL of USP Cephalexin RS in water
rS = response from the Standard solution•5Sample solution:  3 mg/mL of cephalexin from powdered
CS = concentration of USP Cephalexin RS in the Sam-Tablets for Oral Suspension in water and filter

ple stock solution (mg/mL)Chromatographic system
CU = nominal concentration of cephalexin in the Sam-(See Chromatography 〈621〉, Thin-Layer Chromatography.

ple stock solution (mg/mL)Mode:  TLC
P = designated content of cephalexin in USPAdsorbent:  0.25-mm layer of binder-free silica gel

Cephalexin RS (µg/mg)Application volume:  10 µL
F = unit conversion factor, 0.001 mg/µgPre-developing solvent system:  n-Hexane and tetradecane

Acceptance criteria:  90.0%–110.0%(95:5)
Ninhydrin solution:  66.7 mg/mL of ninhydrin in acetone PERFORMANCE TESTSDeveloping solvent system:  0.1 M citric acid, 0.1 M dibasic • DISINTEGRATION 〈701〉:  Tablets for Oral Suspension disintegratesodium phosphate, and Ninhydrin solution (60:40:1.5) in 3 min, using water at 20 ± 5°.Analysis • DISSOLUTION 〈711〉Samples:  Standard solution and Sample solution Medium:  Water; 900 mLAllow the solvent front to move the length of the plate in Apparatus 1:  Use 40-mesh cloth and 100 rpmthe Pre-developing solvent system, remove the plate from the Time:  30 minchamber, and allow the solvent to evaporate. On this plate Sample solution:   Pass a portion of the solution under testapply 10 µL each of the Standard solution and Sample solu- through a suitable filter. Dilute with Medium, if necessary, to ation. Allow the spots to dry, and develop the chromatogram concentration of about 20 µg/mL.in the Developing solvent system until the solvent front has Standard solution:  20 µg/mL of USP Cephalexin RS inmoved three-fourths of the length of the plate. Remove the Mediumplate from the developing chamber, mark the solvent front, Spectrometric conditionsdry the plate for 10 min at 110°, and examine the (See Spectrophotometry and Light-Scattering 〈851〉.)chromatogram.

Acceptance criteria:  The RF value of the principal spot of the
Sample solution corresponds to that of the Standard solution.•5
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Mode:  UV Add the following:
Analytical wavelength:  262 nm

Analysis
Samples:  Standard solution and Sample solution •• A.  The retention time of the major peak of the Sample solu-

Tolerances:  NLT 80% (Q) of the labeled amount of tion corresponds to that of the Standard solution, as obtained
C16H17N3O4S is dissolved. in the Assay.•5

• DISPERSION FINENESS:  Place 2 Tablets for Oral Suspension in 100
mL of water, and stir until completely dispersed. A smooth Delete the following:dispersion is obtained that passes through a No. 25 sieve.

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirements
•• B. PROCEDURESPECIFIC TESTS Sample solution:  0.02 mg/mL of cephalexin in water

Analysis:  The UV absorption spectrum of the Sample solution
Delete the following: exhibits maxima and minima at the same wavelengths as that

of a similar solution of USP Cephalexin RS, concomitantly
measured.•5•• WATER DETERMINATION, Method I 〈921〉:  NMT 9.0%•5

ADDITIONAL REQUIREMENTS Change to read:
• PACKAGING AND STORAGE:  Preserve in tight containers at con-

trolled room temperature.
• •B.•5 IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  10 mg/• USP REFERENCE STANDARDS 〈11〉

mL meets the requirementsUSP Cephalexin RS

ASSAY

. Change to read:
Cephalexin Hydrochloride

• PROCEDUREC16H17N3O4S · HCl · H2O 401.87 Mobile phase:  0.985 g/L of sodium 1-pentanesulfonate in a5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[(ami- mixture of acetonitrile, methanol, triethylamine, and waternophenylacetyl)amino]-3-methyl-8-oxo-, monohydrochloride, (20:10:3:170), adjusted with phosphoric acid to a pH ofmonohydrate, [6R-[6α,7β (R*)]]-; 3.0 ± 0.1(6R,7R)-7-[(2R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5- ••5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, monohydro- Standard stock solution:  1 mg/mL of USP Cephalexin RS inchloride, monohydrate; water7-(D-2-Amino-2-phenylacetamido)-3-methyl-3-cephem-4-carbox- Standard solution:  •0.4 mg/mL of cephalexin in Mobile phaseylic acid hydrochloride monohydrate [105879-42-3]. from Standard stock solution•5

Sample stock solution:  1.15 mg/mL of Cephalexin Hydro-DEFINITION
chloride in waterCephalexin Hydrochloride contains the equivalent of NLT 800 µg

Sample solution:  •0.4 mg/mL of cephalexin in Mobile phaseand NMT 880 µg of cephalexin (C16H17N3O4S) per mg.
from Sample stock solution•5

IDENTIFICATION Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LCDelete the following: Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L1 of low acidity
Flow rate:  1.5 mL/min•• A. THIN-LAYER CHROMATOGRAPHY
Injection size:  20 µLStandard solution:  25 mg/mL of USP Cephalexin RS in water

System suitabilitywith the aid of 0.1 N hydrochloric acid
Sample:  Standard solutionSample solution:  25 mg/mL in water with the aid of 0.1 N ••5hydrochloric acid
Suitability requirementsChromatographic system ••5(See Chromatography 〈621〉, Thin-Layer Chromatography.)

Relative standard deviation:  NMT 2.0%Mode:  TLC
AnalysisAdsorbent:  0.25-mm layer of chromatographic silica gel
Samples:  Standard solution and Sample solutionmixture
Calculate the quantity, in µg, of C16H17N3O4S in each mg ofApplication volume:  5 µL
Cephalexin Hydrochloride taken:Developing solvent system:  Ethyl acetate, acetonitrile, gla-

cial acetic acid, and water (21:7:7:9) •Result = (rU/rS) × (CS/CU) × PAnalysis
Samples:  Standard solution and Sample solution rU = peak response from the Sample solutionAllow the spots to dry, place the plate in a saturated cham- rS = peak response from the Standard solution•5ber containing the solvent system and lined with filter pa- CS = concentration of USP Cephalexin RS in the Stan-per. Develop the chromatogram until the solvent front has dard stock solution (mg/mL)moved three-fourths of the length of the plate. Remove the CU = concentration of Cephalexin Hydrochloride fromplate from the developing chamber, mark the solvent front, the Sample stock solution (mg/mL)allow the plate to air-dry, and examine under short-wave- P = designated content of cephalexin in USPlength UV light. Cephalexin RS (µg/mg)Acceptance criteria:  The RF value of the principal spot of the
Sample solution corresponds to that of the Standard solution.•5
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Acceptance criteria:  800–880 µg/mg Total impurities:  NMT 5.0%
• PROCEDURE 2: DIMETHYLANILINE 〈223〉:  Meets the requirement

IMPURITIES
Organic Impurities SPECIFIC TESTS
• PROCEDURE 1 • CRYSTALLINITY 〈695〉:  Meets the requirements

Solution A:  1 g of sodium 1-pentanesulfonate in a mixture of • PH 〈791〉:  1.5–3.0, in a solution containing 10 mg/mL
1000 mL of water and 15 mL of triethylamine. Adjust with • WATER DETERMINATION, Method I 〈921〉:  3.0%–6.5%
phosphoric acid to a pH of 2.5 ± 0.1.

ADDITIONAL REQUIREMENTSSolution B:  1 g of sodium 1-pentanesulfonate in a mixture of
• PACKAGING AND STORAGE:  Preserve in tight containers.300 mL of water and 15 mL of triethylamine. Adjust with
• USP REFERENCE STANDARDS 〈11〉phosphoric acid to a pH of 2.5 ± 0.1, and add 350 mL of

USP Cephalexin RSacetonitrile and 350 mL of methanol.
Mobile phase:  See the gradient table below.

Time Solution A Solution B
.

(min) (%) (%) Glacial Acetic Acid
0 100 0
1 100 0

33.3 0 100
 34.3 0 100

Diluent:  18 mg/mL of monobasic potassium phosphate in C2H4O2 60.05
water Acetic acid [64-19-7].

Standard solutions:  0.08 mg/mL and 0.16 mg/mL of
DEFINITIONC16H17N3O4S from USP Cephalexin RS in Diluent, taking into
Glacial Acetic Acid contains NLT 99.5% and NMT 100.5%, byaccount the stated potency of the USP Cephalexin RS

weight, of C2H4O2.Sample solution:  6 mg/mL of Cephalexin Hydrochloride in
Diluent

IDENTIFICATIONChromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC Change to read:
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L1 of low acidity
Flow rate:  1 mL/min • IDENTIFICATION TESTS—GENERAL, Acetate 〈191〉:  Meets the
Injection size:  20 µL requirements

Analysis Sample solution •(for lanthanum nitrate test):•5  Glacial
Samples:  Standard solutions and Sample solution Acetic Acid and water •(1:100)•5

Plot the responses of the cephalexin peaks of the Standard
ASSAYsolutions versus their concentrations, calculated on the an-
• PROCEDUREhydrous basis, in mg/mL, and draw a straight line through

Sample solution:  Measure 2 mL of Glacial Acetic Acid into athe two points and zero. From the line so obtained and
glass-stoppered flask, previously tared while containing aboutthe peak responses of the Sample solution, determine the
20 mL of water, and weigh again to obtain the weight of theconcentration, I, in mg/mL, of each cephalexin-related sub-
substance under assay.stance from the Sample solution other than the cephalexin

Analysis:  Add 20 mL of water, then add phenolphthalein TS.peak.
Titrate with 1 N sodium hydroxide VS. Each mL of 1 N sodiumCalculate the percentage of each cephalexin-related sub-
hydroxide is equivalent to 60.05 mg of C2H4O2.stance represented by each peak of the Sample solution,

Acceptance criteria:  99.5%–100.5%other than the cephalexin peak.

IMPURITIESResult = (I/C) × 100
Inorganic Impurities
• LIMIT OF NONVOLATILE RESIDUE:  Evaporate 20 mL in a taredI = concentration of each cephalexin-related sub-

dish, and dry at 105° for 1 h: the weight of the residue doesstance other than cephalexin in the Sample so-
not exceed 1.0 mg.lution (mg/mL)

• HEAVY METALS 〈231〉:  NMT 5 ppmC = concentration mg/mL of cephalexin from the
Sample solution:  To the residue obtained in the test for LimitSample solution
of Nonvolatile Residue add 8 mL of 0.1 N hydrochloric acid,Acceptance criteria
warm gently until solution is complete, dilute with water toIndividual impurities:  NMT 1.0% of any individual
100 mL, and use 20 mL.cephalexin-related substance is found.

• CHLORIDE AND SULFATE, Chloride 〈221〉
Sample solution:  Dilute 1.0 mL with 20 mL of water.
Analysis:  Add 5 drops of silver nitrate TS.
Acceptance criteria:  No opalescence is produced.

• CHLORIDE AND SULFATE, Sulfate 〈221〉
Sample solution:  Dilute 1.0 mL with 10 mL of water.
Analysis:  Add 1 mL of barium chloride TS.
Acceptance criteria:  No turbidity is produced.

Organic Impurities
• PROCEDURE: READILY OXIDIZABLE SUBSTANCES

Sample solution:  Dilute 2.0 mL in a glass-stoppered vessel
with 10 mL of water.

Analysis:  Add 0.10 mL of 0.10 N potassium permanganate.
Acceptance criteria:  The pink color is not changed to brown
within 2 h.
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SPECIFIC TESTS Spectrometric conditions
• CONGEALING TEMPERATURE 〈651〉:  NLT 15.6° (See Spectrophotometry and Light-Scattering 〈851〉.)

Mode:  UV
ADDITIONAL REQUIREMENTS Wavelength range:  Between 260 and 280 nm
• PACKAGING AND STORAGE:  Preserve in tight containers, and Blank:  Water

store at room temperature. Acceptance criteria:  The difference in absorbance between
260 and 280 nm of the Sample solution against the Blank is
NMT 0.1.

• SULFATE
. Sample:  150 mg
Protamine Sulfate Analysis:  Dissolve the Sample in 75 mL of water, add 5 mL of

3 N hydrochloric acid, heat to boiling, and while maintaining
DEFINITION at the boiling point, slowly add 10 mL of barium chloride TS.
Protamine Sulfate is a purified mixture of simple protein principles Cover the vessel, and allow the mixture to stand on a steam

obtained from the sperm or testes of suitable species of fish, bath for 1 h. Filter, wash the precipitate with several portions
which has the property of neutralizing heparin. Each mg of of hot water, dry, and ignite to constant weight. The weight
Protamine Sulfate, calculated on the dried basis, neutralizes of the barium sulfate, multiplied by 0.4117, represents the
NLT 100 USP Heparin Units. weight of sulfate in the portion of Protamine Sulfate taken.

Acceptance criteria:  16%–22% on the dried basis
ASSAY

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers in aChange to read: refrigerator.

• PROCEDURE Change to read:•Sample solution A:  0.15 mg/mL of Protamine Sulfate in
water

Sample solution B:  Dilute 2.0 mL of Sample solution A with • USP REFERENCE STANDARDS 〈11〉
water to 3.0 mL. USP Heparin Sodium•for Assays•5 RS

Sample solution C:  Dilute 1.0 mL of Sample solution A with
water to 3.0 mL.

Titrant:  USP Heparin Sodium for Assays RS in water (about
.80–120 USP Heparin Units/mL)

Analysis:  [NOTE—Titrate each Sample solution in duplicate.] Protamine Sulfate Injection
Transfer a volume of the Sample solution to the analytical cell
of a suitable colorimeter, and set the apparatus for measure- DEFINITION
ment at a suitable wavelength (none is critical) in the visible
range. Add Titrant in small volumes until there is a sharp in-

Change to read:crease in the absorbance, and note the volume of Titrant
added. Perform the entire Assay in triplicate for a total of 18
determinations. Protamine Sulfate Injection is a sterile, isotonic solution of Prota-Calculate the number of USP Heparin Units in the volume of mine Sulfate. •Each mg of Protamine Sulfate, used in the man-Titrant added at the endpoint per mg of Protamine Sulfate. ufacture of the Injection, neutralizes NLT 100 USP HeparinCalculate the USP Heparin Units neutralized per mg of Prota- Units, calculated on the dried basis.•5 It contains NLT 90.0%mine Sulfate taken: and NMT 120.0% of the labeled amount of protamine sulfate.

Result = (VT × CT)/(VS × CS) IDENTIFICATION
• IDENTIFICATION TESTS—GENERAL, Sulfate 〈191〉VT = volume of Titrant added (mL)

CT = concentration of Titrant (USP Heparin Units/mL) ASSAY
VS = volume of the Sample solution (mL)
CS = concentration of Protamine Sulfate (mg/mL)

Change to read:Calculate the potency of the Protamine Sulfate as the average
of the 18 values. Calculate the 3 standard deviations for the
results obtained with each of the Sample solutions. Calculate

• PROCEDUREthe 3 standard deviations for the results obtained with each
Sample solution:  •0.15 mg/mL•5 of protamine sulfate inof the 3 independent assays. The Assay is valid if each of the
Water for Injection from a measured volume of Injection6 standard deviations is NMT 5% of the average result. •Analysis:  [NOTE—Titrate the Sample solution in duplicate.]Acceptance criteria:  Each mg of Protamine Sulfate neutralizes
Transfer the same volume of the Sample solution to the analyti-NLT 100 USP Heparin Units, on the dried basis.•5
cal cell as used in the Assay for the drug substance. Proceed
as directed in the Assay under Protamine Sulfate, using theOTHER COMPONENTS
same concentration of Titrant and the same wavelength as• NITROGEN DETERMINATION, Method II 〈461〉
used in the Assay for the drug substance. The concentration ofAcceptance criteria:  22.5%–25.5% of N, on the dried basis.
the Sample solution of the drug substance should also be 0.15

SPECIFIC TESTS mg/mL. Perform the entire Assay in triplicate, and calculate
• LOSS ON DRYING 〈731〉:  Dry a sample at 105° for 3 h: it loses the average of the triplicate determinations. The percentage of

NMT 5% of its weight. the label claim is given as follows:

Result = (v/V) × 100Change to read:
v = volume of Titrant added to the Injection Sample

solution (mL)• ULTRAVIOLET ABSORBANCE V = volume of Titrant added to the drug substanceSample solution:  1.0% solution of Protamine Sulfate •in Sample solution (mL)water•5
•5
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Acceptance criteria:  90.0%–120.0% cal cell as used in the Assay for the drug substance. Proceed
as directed in the Assay under Protamine Sulfate, using the

SPECIFIC TESTS same concentration of Titrant and the same wavelength as
• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 7.0 USP En- used in the Assay for the drug substance. The concentration of

dotoxin Units/mg of protamine sulfate. the Sample solution of the drug substance should also be 0.15
• OTHER REQUIREMENTS:  It meets the requirements under Injec- mg/mL. Perform the entire Assay in triplicate, and calculate

tions 〈1〉. the average of the triplicate determinations. The percentage of
the label claim is given as follows:ADDITIONAL REQUIREMENTS

• PACKAGING AND STORAGE:  Preserve in single-dose containers, Result = (v/V) × 100
preferably of Type I glass. Store at controlled room
temperature. v = volume of Titrant added to the Protamine Sulfate

• LABELING:  Label it to indicate the approximate neutralization for Injection Sample solution (mL)
capacity in USP Heparin Units. V = volume of Titrant added to the drug substance

Sample solution (mL)
•5Change to read:
Acceptance criteria:  90.0%–120.0%

PERFORMANCE TESTS• USP REFERENCE STANDARDS 〈11〉
• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirementsUSP Endotoxin RS

USP Heparin Sodium•for Assays•5 RS SPECIFIC TESTS
• INJECTIONS, Constituted Solutions 〈1〉:  At the time of use, it

meets the requirements.
• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 7.0 USP En-

.

dotoxin Units/mg of protamine sulfate.Protamine Sulfate for Injection • STERILITY TESTS 〈71〉:  Both it and the accompanying solvent
meet the requirements

DEFINITION • PH AND CLARITY OF SOLUTION:  Dissolve it in the solvent recom-
mended in the labeling: the pH of the solution is 6.5–7.5, and
the solution is clear.Change to read:

• OTHER REQUIREMENTS:  Both it and the accompanying solvent
meet the requirements for Injections 〈1〉, Labeling.

Protamine Sulfate for Injection is a sterile mixture of Protamine
ADDITIONAL REQUIREMENTSSulfate with one or more suitable, dry diluents. •Each mg of
• PACKAGING AND STORAGE:  Preserve as described under Injec-Protamine Sulfate, used in the manufacture of the Protamine

tions 〈1〉, Containers for Sterile Solids. Preserve the accompany-Sulfate for Injection, neutralizes NLT 100 USP Heparin Units,
ing solvent in single-dose or in multiple-dose containers, pref-calculated on the dried basis.•5 It contains NLT 90.0% and
erably of Type I glass.NMT 120.0% of the labeled amount of protamine sulfate.

• LABELING:  Label it to indicate the approximate neutralization
capacity in USP Heparin Units.ASSAY

Change to read:Change to read:

• USP REFERENCE STANDARDS 〈11〉• PROCEDURE
USP Endotoxin RSSample solution:  •0.15 mg/mL•5 of protamine sulfate in
USP Heparin Sodium•for Assays•5 RSWater for Injection. Dissolve from the contents of 1 container

of Protamine Sulfate for Injection.
•Analysis:  [NOTE—Titrate the Sample solution in duplicate.]
Transfer the same volume of the Sample solution to the analyti-
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ERRATA

Following is a list of errata and corrections to USP–NF. The page number indicates where the item is found and in which official or
pending official publication of USP–NF. If necessary, this list will be updated with every issue of PF. This information will also be
available as a cumulative table in future Supplements and will appear in its corrected form in a future annual edition of USP–NF.
An erratum consists of content erroneously published that does not accurately reflect the intended official or effective requirements
as approved by the Council of Experts. USP staff is available to respond to questions regarding the accuracy of a particular require-
ment; call 1-800-822-USPC.

USP32–NF27
Page

Title Section Description

2409 Sodium Fluoride F18
Injection

Radiochemical Purity Line 3 under Chromatographic system: Change ‘‘7.5-mm 6 30-
cm column that contains 10-mm packing L17.’’
to:
10-mm 6 25-cm column that contains 10-mm packing L31.

3411 Propofol Limit of propofol related
compound A

Line 6 under Procedure: Change
‘‘0.01(rU / rS)
in which rU and rS are the peak responses for propofol related
compound A obtained from the Test solution and the Standard
solution, respectively’’
to:
100(CS / CU)(rU / rS)
in which CS is the concentration, in mg per mL, of USP Propofol
Related Compound A RS in the Standard solution; CU is the con-
centration, in mg per mL, of propofol in the Test solution; and rU
and rS are the peak responses for propofol related compound A
obtained from the Test solution and the Standard solution, re-
spectively

First Supplement to USP32-NF27
4063 Haloperidol Decano-

ate
Assay Footnote 11 under Table 1: Change ‘‘4-(4’-Chlorobiphenyl-4-

yl)-1-[4-(4-fluorophenyl)-4-oxobutyl]piperidin-4-yl decano-
ate.’’
to:
4-(3’-Chlorobiphenyl-4-yl)-1-[4-(4-fluorophenyl)-4-oxobutyl]-
piperidin-4-yl decanoate.
Footnote 12 under Table 1: Change ‘‘4-(3’-Chlorobiphenyl-4-
yl)-1-[4-(4-fluorophenyl)-4-oxobutyl]piperidin-4-yl decano-
ate.’’
to:
4-(4’-Chlorobiphenyl-4-yl)-1-[4-(4-fluorophenyl)-4-oxobutyl]-
piperidin-4-yl decanoate.

Second Supplement to USP32-NF27
4152 h785iOsmolality and

Osmolarity
Measurement of Osmolal-
ity

Line 2 under Standard Solutions: Change footnote ‘‘1’’
to:
2
At the bottom of page: Change footnote ‘‘1’’
to:
2

U S P 3 3 –
NF28
Reissue
Page

Title CATEGORY
Section

Description

R-140 Reagent Specifica-
tions

3,5-Dimethylphenol Line 4: Change ‘‘from Lancaster Synthesis, Inc., www.lancas-
tersynthesis.com’’
to:
from www.alfa.com

R-142 Reagent Specifica-
tions

Ether, Peroxide-Free Line 11: Change ‘‘www.jtbaker.com’’
to:
www.mallbaker.com

R-203 Chromatographic
Columns

L54 Line 4: Change ‘‘from Amersham Pharmacia Biotech (www.
amershambiosciences.com)’’
to:
from www.gelifesciences.com

R-316 Oil- and Water-So-
luble Vitamins with
Minerals Capsules

STRENGTH
Vitamin A, Method 1

Line 14 under Analysis: Change ‘‘retinol acetate’’
to:
retinyl acetate

R-453 Amiodarone Hydro-
chloride

SPECIFIC TESTS
Limit of Iodides

Line 2 under Standard solution: Change ‘‘1.0 mL of an 88.2 mg/
mL solution of potassium iodide’’
to:
1.0 mL of an 88.2 mg/L solution of potassium iodide
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U S P 3 3 –
NF28
Reissue
Page

Title CATEGORY
Section

Description

R-472 Clarithromycin Tab-
lets

ASSAY
Procedure

Line 1 under Sample stock solution: Change ‘‘Equivalent to 4
mg/mL of clarithromycin in methanol.’’
to:
Equivalent to 4 mg/mL of clarithromycin from finely powdered
Tablets in methanol.

R-510 Mycophenolate Mo-
fetil

SPECIFIC TESTS
Loss on Drying h731i

Line 1: Change ‘‘Dry a sample at 608 for 3 h: it loses NMT 0.5%
of its weight.’’
to:
Dry a sample in a vacuum at 608 for 3 h: it loses NMT 0.5% of
its weight.

R-534 Ritonavir IMPURITIES
Organic Impurit ies,
Procedure

In each row of Impurity Table 1 under the column head Relative
Response Factor with a value of ‘‘—’’, change
to:
1.0

R-534 Ritonavir IMPURITIES
Organic Impurit ies,
Procedure

In each row of Impurity Table 1 under the column head Accep-
tance Criteria, NMT (%) with a value of ‘‘—’’, change
to:
0.1

First Supplement to the USP33-NF28 Reissue
R-645 h1024i Bovine Ser-

um
Appendix 1 Line 3 under FDA, first bullet: Change ‘‘http:// www.fda.gov/

Cber/ltr/bse04l900.pdf’’
to:
Available at: http://www.fda.gov/BiologicsBloodVaccines/
SafetyAvailability/ucm105877.htm
Line 4 under FDA, second bullet: Change ‘‘Available at http://
www.fda.gov/cber/rules/catruminant.pdf’’
to:
Available at: http://www.reginfo.gov/public/

R-984 Ticlopidine Hydro-
chloride

IMPURITIES
Organic Impurit ies,
Procedure 2

Footnote a under Impurity Table 2: Change ‘‘N-(2-Chloroben-
zyl)-2-(thiophen-2-yl)ethanamine.’’
to:
2-[N-Methyl-N-(2-chlorobenzyl)aminoethyl] thiophene hydro-
chloride.

Second Supplement to the USP33-NF28 Reissue
R-1034 h11i USP Reference

Standards
USP Allopurinol Related
Compound F RS

Line 1: Change ‘‘[ethyl 3-(2-carbethoxy-’’
to:
[ethyl (E / Z)-3-2(2-carbethoxy-

R-1041 h11i USP Reference
Standards

USP Doxepin Related
Compound A RS

Line 1: Change ‘‘[5-(4-nitrophenyl)-2-furaldehyde-2-carboxy-
methyl semicarbazone]’’
to:
[dibenzo[b,e]oxepin-11(6H)-one]

R-1063 h92i Growth Factors
and Cytokines Used
i n C e l l T h e r a p y
Manufacturing

SPECIFIC TESTS
Bioidentity

Line 1 under Resazurin solution: Change ‘‘0.11 mg of resazurin
in Phosphate buffered saline.’’
to:
11 mg of resazurin in 100 mL of Phosphate buffered saline.
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PROPOSED
INTERIM REVISION
ANNOUNCEMENTS

This section includes proposals for Interim Revision Announcements (IRAs) that will be published as official USP or NF
standards. There is a 60-day comment period for these proposals, beginning on the 15th of the first month of this
Pharmacopeial Forum. The approved official text will be published in a future Pharmacopeial Forum and additionally in
the ‘‘New Official Text’’ section of USP’s web site (www.usp.org). Readers should review material in this section and
provide comments to the Scientific Liaison (use the Staff Directory to find the contact information). Information on
how to comment is found in the Policies and Announcements section. It is important to send comments promptly so that
the Expert Committee members can consider readers’ input as they are deciding whether to advance standards to official
status.

Each proposal is preceded by a Briefing that indicates the proposed revisions.
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Degradation standard solution:  Dilute 5.0 mL of the Stan-USP MONOGRAPHS dard stock solution with water to 50.0 mL. Transfer 5 mL of
the solution to a scintillation vial. Add 100 µL of 1 N sodium
hydroxide solution, cap tightly, and shake vigorously. Place in
an oven at 100° for 60 min, remove, allow to cool, add 50 µL
of 1 M phosphoric acid, recap, and shake vigorously to mix.

Sample solution:  50 µg/mL of Leuprolide Acetate in Mobile
BRIEFING phase

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LCLeuprolide Acetate,  USP 32 page 2761. On the basis of
Detector:  UV 220 nmcomments received, it is proposed to remove the retention time
Column:  4.6-mm × 10-cm; 3-µm packing L1of the acetic acid peak in the test for Content of Acetic Acid. The
Flow rate:  1–1.5 mL/minformula in the Assay is being corrected to reflect the labeling of
Injection size:  20 µLUSP Leuprolide Acetate RS on the anhydrous, acetic acid-free

System suitabilitybasis, which makes the coefficient in the formula unnecessary.
Samples:  Mobile phase, Standard solution, and Degradation
standard solution
[NOTE—Chromatograph the Mobile phase, and verify that no(BB PP: T. Sigambris.) RTS—C83380 extraneous peaks are present.]
[NOTE—The relative retention times for the degradation prod-
uct and leuprolide are about 0.90 and 1.0, respectively.]

Suitability requirements
. Retention time:  41–49 min for leuprolide, DegradationLeuprolide Acetate standard solution

Resolution:  NLT 1.5 between leuprolide and the degrada-
tion product, Degradation standard solution

Tailing factor:  0.8–1.5, Standard solution
Relative standard deviation:  NMT 1.5% for leuprolide
acetate, Standard solution

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C59H84N16O12 in the portion of
Leuprolide Acetate taken:

Result = [(rU/rS)(WS/WU)(P)(0.9527)(100)]/(100 – acetic acid
content – water content)

C59H84N16O12 · (C2H4O2)n, n = 1 or 2 1209.41 (as free base) •Result = [(rU/rS) × (CS/CU) × P × 100]/(100 – AC – WC)•(1-Luteinizing hormone-releasing factor, 6-D-leucine-9-(N-ethyl-L-
Feb-2011)prolinamide)-10-deglycinamide acetate (salt);

5-Oxo-L-prolyl-L-histidyl-L-tryptophyl-L-seryl-L-tyrosyl-D-leucyl-L-leu- rU = peak area of the Sample solution
cyl-L-arginyl-N-ethyl-L-prolinamide acetate (salt) [74381-53-6]. rS = peak area of the Standard solution

WS = concentration of USP Leuprolide Acetate RS inDEFINITION •CS•(1- the Standard solution (µg/mL)Leuprolide Acetate is a synthetic nonapeptide agonist analog of
Feb-2011)luteinizing hormone-releasing factor. It contains NLT 97.0% WU = concentration of Leuprolide Acetate in the Sam-and NMT 103.0% of leuprolide (C59H84N16O12), calculated on •CU•(1- ple solution (µg/mL)the anhydrous, acetic acid-free basis.
Feb-2011)[NOTE—Due to the hygroscopic nature of this material, analyses P = designated purity of USP Leuprolide Acetate RSare performed immediately after opening the container in a (%)glove box under dry nitrogen purge.] AC = acetic acid content (%)[CAUTION—Leuprolide Acetate is a potent hormonal manipulator. WC = water content (%)Avoid skin contact and inhalation of dusts and mists.] Acceptance criteria:  97.0%–103.0%

IDENTIFICATION OTHER COMPONENTS• A. INFRARED ABSORPTION 〈197K〉
• B.  The retention time of the major peak of the Sample solution

corresponds to that of the Standard solution, as obtained in Change to read:
the Assay.

ASSAY • CONTENT OF ACETIC ACID
Diluent:  Methanol, adjusted with phosphoric acid to a pH of
2.5Change to read: Standard solution:  Pipet 2.0 mL of glacial acetic acid into a
100-mL volumetric flask, dilute with Diluent to volume, and
mix. Transfer 4.0 mL of the solution to a 100-mL volumetric• PROCEDURE
flask, dilute with Diluent to volume, and mix. Transfer 10.0 mLSolution A:  15.2 mg/mL of triethylamine in water. Adjust with
of this solution to a 100-mL volumetric flask, dilute with Dilu-phosphoric acid to a pH of 3.0.
ent to volume, and mix to obtain a solution having a knownSolution B:  Acetonitrile and n-propyl alcohol (3:2)
concentration of about 0.08 mg/mL.Mobile phase:  Solution A and Solution B (17:3)

Sample solution:   Transfer about 100 mg of Leuprolide Ace-Standard stock solution:  1 mg/mL of USP Leuprolide Acetate
tate, accurately weighed, to a 100-mL volumetric flask, dis-RS in Mobile phase
solve in and dilute with Diluent to volume.Standard solution:  50 µg/mL. Dilute 5.0 mL of the Standard

Chromatographic systemstock solution with Mobile phase to 100.0 mL.
(See Chromatography 〈621〉, System Suitability.)
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Mode:   GC Resolution:  NLT 1.5 between leuprolide and the degrada-
Detector:  Flame ionization tion product, Degradation standard solution
Column:  0.53-mm × 30-m fused-silica capillary column that Tailing factor:  0.8–1.5, Standard solution
contains a 1.2-µm film of phase G35 Relative standard deviation:  NMT 1.5% for leuprolide

Temperature acetate, Standard solution
Column:  100° Analysis
Injection port:  200° Samples:  Standard solution and Sample solution
Detector:  250° [NOTE—Record the chromatograms for 90 min.]

Carrier gas:  Helium Calculate the percentage of each impurity in the portion of
Flow rate:  10 mL/min C59H84N16O12 · (C2H4O2)n taken:
Injection size:  1.0 µL

Result = 0.01 × (rU/rS) × (WS/WU) × PInjection type:  Splitless mode
System suitability

rU = peak response for each impurity from the Sam-Samples:  Diluent and Standard solution
ple solutionSuitability requirements

rS = leuprolide peak response from the StandardRetention time:  5–7 min, acetic acid
stock solution••(1-Feb-2011)

WS = weight of USP Leuprolide Acetate RS in theBlank:  Chromatograph the Diluent, and verify that there
Standard stock solution (mg)are no interfering peaks.

WU = weight of Leuprolide Acetate in the Sample solu-Column efficiency:  NLT 15,000 theoretical plates, Stan-
tion (mg)dard solution

P = designated purity of USP Leuprolide Acetate RSTailing factor:  0.8–1.5, Standard solution
(%)Relative standard deviation:  NMT 2.0% for glacial acetic

Acceptance criteriaacid, for replicate injections of the Standard solution
Individual impurities:  See Impurity Table 1.Analysis
Total impurities:  NMT 2.5%Samples:  Standard solution and Sample solution

Calculate the percentage of acetic acid (C2H4O2) in the por-
tion of Leuprolide Acetate taken: Impurity Table 1

Relative AcceptanceResult = (rU/rS) × (839.2/WU)
Retention Criteria,

Name Time NMT (%)rU = peak area of the Sample solution
Acetyl-leuprolide 1.5 1.0rS = peak area of the Standard solution

WU = amount of Leuprolide Acetate taken to prepare D-His-leuprolide 0.9 0.5
the Sample solution (mg) L-Leu6-leuprolide 1.2 0.5

Acceptance criteria:  4.7%–9.0%
D-Ser-leuprolide 0.8 0.5
Leuprolide 1.0 —IMPURITIES

Inorganic Impurities Any other impurity — 0.5
• RESIDUE ON IGNITION 〈281〉:  NMT 0.3%
Organic Impurities

SPECIFIC TESTS• PROCEDURE • AMINO ACID CONTENTSolution A:   15.2 mg/mL of triethylamine in water. Adjust
[NOTE—Use a suitable, validated procedure (see Biotechnology-with phosphoric acid to a pH of 3.0 prior to final dilution.
Derived Articles—Amino Acid Analysis 〈1052〉).]Solution B:   Acetonitrile and n-propyl alcohol (3:2)

Standard solutions:  Prepare a solution having known equi-Mobile phase:   Solution A and Solution B (17:3)
molar amounts of L-alanine, L-arginine, L-aspartic acid, L-Standard stock solution:   1 mg/mL of USP Leuprolide Ace-
glutamic acid, glycine, L-histidine, L-isoleucine, L-leucine, L-ly-tate RS in Mobile phase
sine, L-methionine, L-phenylalanine, L-proline, L-serine, L-threo-Standard solution:  Dilute 1.0 mL of the Standard stock solu-
nine, L-tyrosine, and L-valine with half the equimolar amounttion with Mobile phase to 100.0 mL.
of L-cystine. For the validation of the method, an appropriateDegradation standard solution:  Dilute 5 mL of Standard
internal standard, such as norleucine, is used. Prepare a sepa-stock solution with water to 50.0 mL. Transfer 5 mL of the
rate, equimolar solution of L-tryptophan.solution to a scintillation vial. Add 100 µL of 1 N sodium

Sample solution:   Transfer 64 mg of Leuprolide Acetate to ahydroxide solution, tightly cap, and shake vigorously. Place
suitable vessel. Dissolve in 1.0 mL of water. Transfer 0.10 mLin an oven at 100° for 60 min, remove, allow to cool, add
of this solution to a vacuum hydrolysis tube, add 2.0 mL of50 µL of 1 M phosphoric acid, recap, and shake vigorously to
6 N hydrochloric acid, evacuate the tube, and heat for 16 hrmix.
at 120°. Transfer 0.10 mL of the hydrolysate so obtained to aSample solution:  Transfer about 100 mg of Leuprolide Ace-
suitable vessel, add 1 mL of water, and lyophilize. Dissolve intate to a 100-mL volumetric flask, dissolve in and dilute with
and dilute to a suitable volume in a buffer solution suitable forMobile phase to volume.
amino acid analysis.Chromatographic system

Analysis:  Inject equal volumes of the Standard solution and the(See Chromatography 〈621〉, System Suitability.)
Sample solution into the amino acid analyzer, and record andMode:  LC
measure the responses for each amino acid peak. Express theDetector:  UV 220 nm
content of each amino acid in moles.Column:  4.6-mm × 10-cm; 3-µm packing L1
Calculate the relative proportions of the amino acids in theFlow rate:  1–1.5 mL/min
Sample solution, taking one-seventh of the sum of the num-Injection size:  20 µL
ber of moles of histidine, glutamic acid, leucine, proline, ty-System suitability
rosine, and arginine as equal to one.Samples:  Mobile phase, Standard solution, Degradation

Acceptance criteria:  0.85–1.1 moles each of glutamic acid,standard solution, and Sample solution
proline, tyrosine, histidine, and arginine per mole of[NOTE—Chromatograph the Mobile phase, and verify that
Leuprolide Acetate; 1.8–2.2 moles of leucine per mole ofno extraneous peaks are present.]
Leuprolide Acetate; serine and tryptophan are also present.Suitability requirements • OPTICAL ROTATION, Specific Rotation 〈781S〉:  −38.0° to −42.0°Retention time:  41–49 min for leuprolide, Degradation
expressed on an anhydrous, acetic acid-free basisstandard solution
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Sample solution:  10 mg/mL, in 1% acetic acid ASSAY
• WATER DETERMINATION, Method Ic 〈921〉:   NMT 8.0%
• BACTERIAL ENDOTOXINS TEST 〈85〉:   It contains NMT 166.7 USP Change to read:Endotoxin Units per mg of leuprolide acetate.

ADDITIONAL REQUIREMENTS • PROCEDURE• PACKAGING AND STORAGE:  Preserve in tight containers. Store at Buffer:  0.26 g/L of monobasic potassium phosphate in water.a temperature not higher than 30°. Adjust with 2% aqueous potassium hydroxide (w/v) to a pH• USP REFERENCE STANDARDS 〈11〉 of 5.5.USP Endotoxin RS Solution A:  Acetonitrile and Buffer (1:19)USP Leuprolide Acetate RS Solution B:  Acetonitrile
Mobile phase:  See the gradient table below.

BRIEFING Time Solution A Solution B
(min) (%) (%)

0 100 0
Levetiracetam,   page R-927 of the First Supplement to the USP 3 100 0
33–NF 28 Reissue and the Revision Bulletin posted on the USP

20 71 29website on June 26, 2009 with an official date of August 1,
2009. On the basis of comments received, it is proposed to System suitability solution:  0.2 mg/mL of USP Levetiracetam
revise the following: RS and 0.08 mg/mL of USP Levetiracetam Related Compound
1.  Difficulties were reported in meeting the requirements for A RS in Solution A. Prepare by first dissolving the required

column efficiency in the Assay. According to Chromatogra- amount of USP Levetiracetam RS in a suitable volumetric flask.
phy 〈621〉, column efficiency is valid only for separations Add 10% of the flask volume of 0.1 N potassium hydroxide.
made at constant temperature, mobile phase composition, Let the mixture react at room temperature for about 15 min,
and flow rate. Because the Assay is a gradient elution pro- and then neutralize by adding 0.1 N hydrochloric acid at 10%
cedure, the column efficiency requirement is being deleted. of the flask volume. Add the required amount of USP Leve-

2.  The Mobile phase in the test for Limit of Levetiracetam R- tiracetam Related Compound A RS, sonicate to dissolve, dilute
Enantiomer in the current monograph uses alcohol, which with Solution A to volume, and mix.
can cause phase separation. It is being revised to specify Standard solution:  0.1 mg/mL of USP Levetiracetam RS in
the use of dehydrated alcohol, which will not cause phase Solution A
separation. Sample solution:  0.1 mg/mL of Levetiracetam in Solution A

 Subject to consideration of comments received, it is proposed to Chromatographic system
implement this revision via an Interim Revision Announcement (See Chromatography 〈621〉, System Suitability.)
pertaining to USP 34–NF 29 in PF 37(1) [Jan.–Feb. 2011], with an Mode:  LC
official date of February 1, 2011. Comments regarding this pro- Detector:  UV 205 nm
posal should be received by November 15, 2010. Column:  4.6-mm × 15-cm; packing L1

Flow rate:  0.9 mL/min
Injection size:  10 µL

System suitability(MD-PP: R. Ravichandran.) RTS—C87569; C85247
Sample:  System suitability solution
[NOTE—The relative retention times are listed in Impurity Ta-
ble 1.]

Suitability requirements
Column efficiency:   NLT 50,000 theoretical plates for theAdd the following: levetiracetam peak
••(1-Feb-2011)

Relative standard deviation:  NMT 1.0%
.

[NOTE—If system suitability criteria cannot be met, it is rec-•Levetiracetam ommended that the column temperature be maintained at
20° to stabilize the system.]

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C8H14N2O2 in the portion of
Levetiracetam taken:

Result = [(rU/rS) × (CS/CU) × 100] − F
C8H14N2O2 170.21

rU = peak response of levetiracetam from the Sample1-Pyrrolidineacetamide, α-ethyl-2-oxo-, (αS)-;
solution(−)-(S)-α-Ethyl-2-oxo-1-pyrrolidineacetamide [102767-28-2].

rS = peak response of levetiracetam from the Stan-
DEFINITION dard solution
Levetiracetam contains NLT 98.0% and NMT 102.0% of CS = concentration of USP Levetiracetam RS in the

C8H14N2O2, calculated on the anhydrous and solvent-free basis. Standard solution (mg/mL)
CU = concentration of Levetiracetam in the Sample so-

IDENTIFICATION lution (mg/mL)
• A. INFRARED ABSORPTION 〈197K〉 F = percentage of levetiracetam R-enantiomer from
• B.  The retention time of the major peak for levetiracetam the test for Limit of Levetiracetam R-Enantiomer

from the Sample solution corresponds to that of the leve- Acceptance criteria:  98.0%–102.0% on the anhydrous and
tiracetam S-enantiomer from the System suitability solution, as solvent-free basis
obtained in the test for Limit of Levetiracetam R-Enantiomer.
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IMPURITIES rU = peak response of each impurity from the Sample
Inorganic Impurities solution
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% rS = peak response of levetiracetam from the Stan-
• HEAVY METALS, Method II 〈231〉:  20 ppm dard solution
Organic Impurities CS = concentration of USP Levetiracetam RS in the
• PROCEDURE 1: LIMIT OF LEVETIRACETAM RELATED COMPOUND B Standard solution (mg/mL)

[NOTE—Perform this test only if levetiracetam related com- CU = concentration of Levetiracetam in the Sample so-
pound B is a known process impurity.] lution (mg/mL)

Buffer:  1.22 g of sodium 1-decanesulfonate in 1 L of water F = relative response factor (see Impurity Table 1)
containing about 1.3 mL of phosphoric acid. Adjust with [NOTE—Disregard any peak with a relative retention time of
20% (w/v) potassium hydroxide to a pH of 3.0. 0.19 or less.]

Mobile phase:  Acetonitrile and Buffer (3:17) Acceptance criteria
System suitability solution:  2 mg/mL of USP Levetiracetam Individual impurities:  See Impurity Table 1.
Related Compound B RS in Mobile phase Total impurities:  NMT 0.4%

Standard solution:  0.002 mg/mL of USP Levetiracetam Re-
lated Compound B RS in Mobile phase

Impurity Table 1Sample solution:  2.0 mg/mL of Levetiracetam in Mobile
phase Relative Relative Acceptance

Chromatographic system  Retention  Response  Criteria,
(See Chromatography 〈621〉, System Suitability.) Name  Time  Factor NMT (%)
Mode:  LC Pyridin-2-ola 0.37 1.0 0.025
Detector:  UV 200 nm

Levetiracetam acidb 0.62 1.2 0.3Column:  4.6-mm × 25-cm; packing L1
Levetiracetam 1.00 — —Flow rate:  1.0 mL/min
Levetiracetam related 1.25 0.35 0.05Injection size
compound AcSystem suitability:  10 µL

Analysis:  50 µL Any individual — 1.0 0.05
System suitability unspecified impurity

Sample:  System suitability solution a Not included in the Total impurities limit.
[NOTE—The retention time for levetiracetam related com- b (S)-2-(2-Oxopyrrolidin-1-yl)butanoic acid. Included in the Total impurities lim-
pound B is 9 min.] it.

Suitability requirements c (S)-N-(1-Amino-1-oxobutan-2-yl)-4-chlorobutanamide. Included in the Total
Tailing factor:  NMT 3.0 impurities limit only if levetiracetam related compound B is a known process
[NOTE—If a significant tailing of the levetiracetam related impurity.
compound B peak is observed (greater than 3.0), it is  
recommended that the column temperature be main-
tained at 27° to stabilize the system.]

Relative standard deviation:  NMT 2.0% SPECIFIC TESTS
Analysis • WATER DETERMINATION, Method Ia 〈921〉:  NMT 0.5%

Samples:   Standard solution and Sample solution
 Calculate the percentage of levetiracetam related compound

Change to read:B in the portion of Levetiracetam taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100 • LIMIT OF LEVETIRACETAM R-ENANTIOMER
Mobile phase:  n-Hexane and •dehydrated•(1-Feb-2011) alcoholrU = peak response of levetiracetam related com-
(4:1)pound B from the Sample solution

System suitability solution:  0.1 mg/mL of USP LevetiracetamrS = peak response of levetiracetam related com-
Racemic Mixture RS in Mobile phasepound B from the Standard solution

Standard solution:  0.05 mg/mL of USP Levetiracetam RS inCS = concentration of USP Levetiracetam Related
Mobile phaseCompound B RS in the Standard solution

Sample solution:  10 mg/mL of Levetiracetam in Mobile phase(mg/mL)
Chromatographic systemCU = concentration of Levetiracetam in the Sample so-
(See Chromatography 〈621〉, System Suitability.)lution (mg/mL)
Mode:  LCMr1 = molecular weight of levetiracetam related com-
Detector:  UV 215 nmpound B free base, 102.1
Column:  4.6-mm × 25-cm; 10-µm packing L51Mr2 = molecular weight of levetiracetam related com-
Flow rate:  1.0 mL/minpound B, 138.6
Injection size:  20 µLAcceptance criteria:  NMT 0.10%

System suitability[NOTE—The amount of levetiracetam related compound B
Sample:  System suitability solutionmeasured is to be included in the total impurities in the
[NOTE—The relative retention times for levetiracetam R-enan-test for Organic Impurities, Procedure 2.]
tiomer and levetiracetam S-enantiomer are 0.55 and 1.0,• PROCEDURE 2
respectively.]Buffer, Solution A, Solution B, Mobile phase, System suita-

Suitability requirementsbility solution, and Chromatographic system:  Proceed as
Resolution:  NLT 4.0 between R- and S-enantiomersdirected in the Assay.

[NOTE—If a loss of resolution (less than 4.0) is observed, it isStandard solution:  0.005 mg/mL of USP Levetiracetam RS in
recommended that the column temperature be maintainedSolution A
at 25° to stabilize the system.]Sample solution:  5 mg/mL of Levetiracetam in Solution A

AnalysisAnalysis
Samples:  Standard solution and Sample solutionSamples:  Standard solution and Sample solution
 Calculate the percentage of levetiracetam R-enantiomer in Calculate the percentage of each impurity in the portion of
the portion of Levetiracetam taken:Levetiracetam taken:

Result = (rU/rS) × (CS/CU) × 100Result = (rU/rS) × (CS/CU) × (1/F) × 100
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rU = peak response of levetiracetam R-enantiomer tration of about 7 µg/mL of ethinyl estradiol and a known
from the Sample solution concentration of norgestimate similar to that expected in the

rS = peak response of levetiracetam from the Stan- Sample solution. Pass through a suitable filter of 0.45-µm pore
dard solution size.

CS = concentration of USP Levetiracetam RS in the Sample solution:  Add a number of Tablets, equivalent to 0.35
Standard solution (mg/mL) mg of ethinyl estradiol, to a suitable glass container. Add 10

CU = concentration of Levetiracetam in the Sample so- mL of water, and mix with a vortex mixer until the Tablets are
lution (mg/mL) completely disintegrated. Add 40 mL of Internal standard solu-

Acceptance criteria:  NMT 0.8% tion, and mix with a vortex mixer for at least 23 min. Sonicate
the sample for at least 5 min, filter an aliquot through a suita-

ADDITIONAL REQUIREMENTS ble filter of 0.45-µm pore size, and use the filtrate.
• PACKAGING AND STORAGE:  Preserve in well-closed containers, Chromatographic system

and store at room temperature. (See Chromatography 〈621〉, System Suitability.)
• USP REFERENCE STANDARDS 〈11〉 Mode:  LC

USP Levetiracetam RS Detector:  UV 230 nm
USP Levetiracetam Related Compound A RS Column:  4.6-mm × 5-cm; 5-µm packing L1
[(S)-N-(1-amino-1-oxobutan-2-yl)-4-chlorobutanamide] Flow rate:  2.1 mL/min
(C8H14ClNO3 207.65) Injection size:  25 µL

USP Levetiracetam Related Compound B RS System suitability
[(S)-2-aminobutanamide hydrochloride] Sample:  Standard solution
(C4H10N2O · HCl 138.6) [NOTE—The relative retention times for ethinyl estradiol, (Z)-

USP Levetiracetam Racemic Mixture RS norgestimate, (E)-norgestimate, and dibutyl phthalate are
A 1:1 mixture of levetiracetam S-enantiomer and a mixture about 0.5, 1.0, 1.2, and 1.5, respectively.]
containing (2S)-2-(2-oxopyrrolidin-1-yl)butanamide and Suitability requirements
(2R)-2-(2-oxopyrrolidin-1-yl)butanamide•(RB 1-Aug-2009) Resolution:  NLT 1.5 between (Z)-norgestimate and (E)-

norgestimate
Relative standard deviation:  NMT 2.0% for the peak re-
sponse ratio of ethinyl estradiol, (Z)-norgestimate, and (E)-

BRIEFING norgestimate to dibutyl phthalate
Analysis
Samples:  Standard solution and Sample solution

Norgestimate and Ethinyl Estradiol Tablets,  page 4268 of Calculate the percentage of the labeled amount of C20H24O2
the Second Supplement to USP 32. Comments were received that in the portion of Tablets taken:
the system suitability precision requirement cannot consistently
be met for the ethinyl estradiol peak of the Standard solution in Result = (RUE/RSE) × (CSE/CUE) × 100
the procedure for Organic Impurities due to the low response of

RUE = ratio of the peak responses of ethinyl estradiol tothe analyte at 254 nm. Because the response of this peak is not
dibutyl phthalate from the Sample solutionused in the quantitation of impurities, it is proposed to remove

RSE = ratio of the peak responses of ethinyl estradiol tothe precision requirement with respect to the ethinyl estradiol
dibutyl phthalate from the Standard solutionpeak. The comment period for this revision ends November 15,

CSE = concentration of USP Ethinyl Estradiol RS in the2010. In the absence of significant adverse comments, it is pro-
Standard solution (mg/mL)posed to implement this revision via the First Interim Revision

CUE = nominal concentration of ethinyl estradiol in theAnnouncement pertaining to USP 34–NF 29, with an official date
Sample solution (mg/mL)of February 1, 2011.

Calculate the percentage of the labeled amount of C23H31NO3

in the portion of Tablets taken:

(SM4: M. Waddell.) RTS—C87596 Result = CSN/CUN × [PA(RUA/RSA) + PS(RUS/RSS)] × 100

CSN = concentration of USP Norgestimate RS in the
Standard solution (mg/mL)

. CUN = nominal concentration of norgestimate in the
Norgestimate and Ethinyl Estradiol Sample solution (mg/mL)

PA = fraction of (E)-norgestimate in the USP Norgesti-Tablets
mate RS

RUA = ratio of the peak responses of (E)-norgestimateDEFINITION
to dibutyl phthalate from the Sample solutionNorgestimate and Ethinyl Estradiol Tablets contain NLT 90.0%

RSA = ratio of the peak responses of (E)-norgestimateand NMT 110.0% of the labeled amounts of norgestimate
to dibutyl phthalate from the Standard solution(C23H31NO3) and ethinyl estradiol (C20H24O2).

PS = fraction of (Z)-norgestimate in the USP Norgesti-
IDENTIFICATION mate RS
• The retention times of the major peaks of the Sample solution RUS = ratio of the peak responses of (Z)-norgestimate

correspond to those of the Standard solution, as obtained in to dibutyl phthalate from the Sample solution
the Assay. RSS = ratio of the peak responses of (Z)-norgestimate

to dibutyl phthalate from the Standard solution
ASSAY Calculate the ratio of the content of (Z)-norgestimate to
• PROCEDURE ethinyl estradiol in the portion of Tablets taken, for use in

Mobile phase:  Tetrahydrofuran, methanol, and water (5:2:13) the Organic Impurities procedure:
Internal standard solution:  0.05 mg/mL of dibutyl phthalate
in methanol CZ/CE = [(CSN × PS) × (RUS/RSS)]/[CSE(RUE/RSE)]

Standard solution:  Dissolve appropriate quantities of USP
Ethinyl Estradiol RS and USP Norgestimate RS in a volume of The terms are as defined above.
Internal standard solution equivalent to 80% of the final vol- Acceptance criteria:  90.0%–110.0% of C20H24O2;
ume. Add a volume of water equivalent to 20% of the final 90.0%–110.0% of C23H31NO3

volume, and mix to obtain a solution having a known concen-
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IMPURITIES Subject to consideration of comments received during the com-
ment period, it is proposed to implement this revision via an
Interim Revision Announcement pertaining to USP 34–NF 29 withChange to read: an official date of February 1, 2011. Comments regarding this
proposal should be received by November 15, 2010.

Organic Impurities
• PROCEDURE

Mobile phase, Standard solution, and Sample solution: (MD-GRE: E. Gonikberg.) RTS—C89449
Proceed as directed in the Assay.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC .

Detector:  254 nm Risedronate Sodium
Column:  4.6-mm × 5-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection size:  50 µL

System suitability
Sample:  Standard solution
[NOTE—The relative retention times for ethinyl estradiol,
(Z)-norgestimate, and (E)-norgestimate are about 0.5, 1.0,  
and 1.2, respectively.]

Suitability requirements C7H10NNaO7P2 305.09
Resolution:  NLT 1.5 between (Z)-norgestimate and (E)-

C7H10NNaO7P2 · H2O 323.12norgestimate
Relative standard deviation:  NMT 2.0% for the ethinyl C7H10NNaO7P2 · 2.5 H2O 350.13
estradiol and norgestimate•(Z)-norgestimate and (E)- Phosphonic acid, [1-hydroxy-2-(3-pyridinyl)ethylidene]bis-,
norgestimate•(1-Feb-2011) peaks monosodium salt;

Analysis Sodium trihydrogen [1-hydroxy-2-(3-
Sample:  Sample solution pyridyl)ethylidene]diphosphonate;
Calculate the percentage of any impurity having a relative Hemi-pentahydrate  [329003-65-8].
retention time of about 0.2 or 0.4, relative to the (Z)- Monohydrate [353228-19-0].
norgestimate peak, and detected at 254 nm in the portion
of Tablets taken: DEFINITION

Risedronate Sodium contains one or two and one-half molecules
Result = (rU/rZ) × (CZ/CE) × F × 100 of hydration. The monohydrate form contains NLT 98.0% and

NMT 102.0% of C7H10NNaO7P2, calculated on the dried basis.
rU = peak response for each impurity The hemi-pentahydrate form contains NLT 98.0% and NMT
rZ = peak response for (Z)-norgestimate 102.0% of C7H10NNaO7P2, calculated on the anhydrous basis.
CZ/CE = ratio of (Z)-norgestimate to ethinyl estradiol as

defined in the Assay IDENTIFICATION
F = relative response factor of these impurities, 1.54 • A. INFRARED ABSORPTION 〈197〉:  The spectra of trifluorovinyl

Acceptance criteria:  The sum of the impurities having rela- chloride polymer and mineral oil dispersions of it, separately
tive retention times of about 0.2 and 0.4 is NMT 4.0%. prepared from a test specimen, exhibit maxima in the regions

of 4000 to 1350 cm–1 and 1350 to 450 cm–1, respectively,
PERFORMANCE TESTS only at the same wavelengths as those of similar preparations
• DISINTEGRATION 〈701〉:  15 min of USP Risedronate Sodium RS. [NOTE—If a difference appears
• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements in the infrared spectra of the analyte and the standard, dis-

solve equal portions of the test specimen and the USP Refer-ADDITIONAL REQUIREMENTS ence Standard in equal volumes of water containing about 50• PACKAGING AND STORAGE:  Preserve in well-closed containers. mg/mL of potassium bromide. Evaporate the solutions to dry-• USP REFERENCE STANDARDS 〈11〉 ness at 105° for 120 min. Repeat the test on the residues.]USP Ethinyl Estradiol RS • B. IDENTIFICATION TESTS—GENERAL Sodium 〈191〉:  It meets theUSP Norgestimate RS requirements of the flame test.

ASSAY

BRIEFING
Change to read:

Risedronate Sodium,  page 4278 of the Second Supplement to • PROCEDUREUSP 32. It is proposed to widen the tailing requirement in the Mobile phase:  1.8 g/L of edetate disodium in water. AdjustAssay and in Organic Impurities, Procedure 1 from “NMT 1.5” to with 1 N sodium hydroxide to a pH of 9.5 ± 0.1.“NMT 1.6” to address variability observed for Dionex IonPac Standard solution:  Dissolve USP Risedronate Sodium RS andAS7 L48 columns. USP Risedronate Related Compound A RS in Mobile phase toIn Organic Impurities, Procedure 1, a note is added to disregard a obtain a solution containing 1.0 mg/mL of anhydrouspeak due to sodium ion, eluting at 1.6 min. In addition, rela- risedronate sodium and 0.1 mg/mL of risedronate relatedtive retention times for two specified impurities in Impurity Ta- compound A.ble 1 are corrected. Sample solution:  1.1 mg/mL of Risedronate Sodium in MobileDifficulties were reported in performing the coulometric Karl phaseFisher titration procedure specified under Water Determination. Chromatographic systemA clarification is added that the coulometric procedure should (See Chromatography 〈621〉, System Suitability.)be performed by direct introduction of solid sample into the
titrator. It is also proposed to specify that the volumetric proce-
dure may be used as an alternative method.
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Mode:  LC Acceptance criteria:  NMT 20 ppm
Detector:  UV 263 nm
Column:  4.0-mm × 25-cm; 10-µm packing L48 Change to read:Flow rate:  0.8 mL/min
Injection size:  20 µL

System suitability Organic Impurities
Sample:  Standard solution [NOTE—Perform both Procedure 1 and Procedure 2.]
Suitability requirements • PROCEDURE 1

Resolution:  NLT 2.3 between risedronate and risedronate Mobile phase, Standard solution, Sample solution, and
related compound A Chromatographic system:  Prepare as directed in the Assay.

Tailing factor:  NMT 1.5•1.6•(1-Feb-2011) for the risedronate Diluted standard solution:  Dilute a portion of the Standard
peak solution with Mobile phase to obtain a solution containing 5

Relative standard deviation:  NMT 1.0% for the µg/mL of anhydrous risedronate sodium and about 0.5 µg/
risedronate peak from three replicate injections mL of risedronate related compound A.

Analysis System suitability
Samples:  Standard solution and Sample solution Samples:  Standard solution and Diluted standard solution
Calculate the percentage of C7H10NNaO7P2 in the portion of Suitability requirements
Risedronate Sodium taken: Resolution:  NLT 2.3 between risedronate related com-

pound A and risedronate, Standard solutionResult = (rU/rS) × (CS/CU) × 100 Tailing factor:  NMT 1.5•1.6•(1-Feb-2011) for the risedronate
peak, Standard solutionrU = peak response from the Sample solution Relative standard deviation:  NMT 1.0% for therS = peak response from the Standard solution risedronate peak from three replicate injections, StandardCS = concentration of USP Risedronate Sodium RS in solution; NMT 15% for the risedronate related compoundthe Standard solution (mg/mL) A peak from three replicate injections, Diluted standardCU = concentration of Risedronate Sodium in the Sam- solutionple solution (mg/mL) AnalysisAcceptance criteria:  98.0%–102.0% on the dried basis for Samples:  Diluted standard solution and Sample solutionthe monohydrate form or on the anhydrous basis for the Calculate the percentage of each impurity in the portion ofhemi-pentahydrate form Risedronate Sodium taken:

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

• HEAVY METALS rU = peak response of each impurity from the SampleLead nitrate solution:  Add 1 mL of nitric acid to 100 mL of solutionwater. Dissolve 100 mg of lead nitrate in it, and then dilute rS = peak response of risedronate from the Dilutedwith water to 1000 mL. standard solutionSodium bicarbonate solution:  Transfer 0.840 g of sodium CS = concentration of USP Risedronate Sodium RS inbicarbonate to a 1000-mL volumetric flask containing about the Diluted standard solution (mg/mL)950 mL of water. Dissolve in and dilute with water to vol- CU = concentration of Risedronate Sodium in theume. Adjust with 0.1 N sodium hydroxide or 0.1 N hydro- Sample solution (mg/mL)chloric acid, as necessary, to a pH of 4.40 ± 0.02. F  = relative response factor (see Impurity Table 1)Hydrogen sulfide solution:  Transfer 200 mL of Sodium bicar-
bonate solution to a suitable conical flask, and bubble hydro-

Impurity Table 1gen sulfide gas through the solution until it turns a strip of
Lead Acetate Test Paper black (see Reagents, Indicators, and Relative Relative
Solution—Indicators and Test Papers). Response Retention

Standard solutions:  Transfer 500 mg of Risedronate Sodium Name  Factor Time
to each of three separate beakers. Add 41 mL of water to

3-Pyridyl acetic acid 1.65 0.08•0.22•(1-each beaker, and stir to dissolve. Adjust with 0.1 N sodium
Feb-2011)hydroxide or 0.1 N hydrochloric acid, as necessary, to a pH

2-Pyridinyl isomerof 4.40 ± 0.02. Label the first beaker as Standard solution 1.
(USP Risedronate Related 0.81•0.84•(1-Add 200 µL of Lead nitrate solution to the second beaker
Compound A RS) 1.0 Feb-2011)(Standard solution 2) and 400 µL to the third beaker (Stan-

Risedronate sodium — 1.0dard solution 3). These solutions contain the equivalent of 0,
12.5, and 25 µg of lead (representing 0, 10, and 20 ppm,  
respectively).

Acceptance criteriaSample solution:  Transfer 1.75 g of Risedronate Sodium to a
Any individual impurity:  NMT 0.10%suitable beaker. Add 41 mL of water, and stir to dissolve.
[NOTE—Disregard •the peak due to sodium ion, eluting atAdjust with 0.1 N sodium hydroxide or 0.1 N hydrochloric
about 1.6 min, and•(1-Feb-2011) any peak observed in theacid, as necessary, to a pH of 4.40 ± 0.02.
blank. The reporting level for impurities is 0.05%.]Analysis:  Add 7 mL of Hydrogen sulfide solution to each of • PROCEDURE 2the beakers containing the Standard solutions and the Sample

Mobile phase:  Transfer 16.15 g of dibasic potassium phos-solution. Allow the solutions to stand for at least 5 min. Add
phate and 0.46 g of edetate disodium to a 1-L beaker, and60 µL of 1 N hydrochloric acid to each of the beakers con-
dissolve in about 400 mL of water. Add 1 vial of commer-taining the Standard solutions, and add 200 µL of 1 N hydro-
cially available tetrabutylammonium dihydrogen phosphatechloric acid to the beaker containing the Sample solution, and
buffered solution in methanol1  and 1 mL of hydrochloricstir. Transfer the solutions into 50-mL color-comparison
acid. Adjust with 1 N sodium hydroxide or 1 N hydrochlorictubes, and view downward over a white surface: the color of
acid, as necessary, to a pH of 7.5 ± 0.1, and dilute with waterthe solution obtained from the Sample solution is not darker
to 480 mL. Add 20 mL of methanol, mix well, pass the solu-than that of the solution from Standard solution 3.
tion through a nylon filter of 0.45-µm pore size, and degas.

1 Available from Waters Corp. as Part #85101 (PIC A).

2010 The United States Pharmacopeial Convention All Rights Reserved.

Proposed IRA



Pharmacopeial Forum
1152 PROPOSED IRA Vol. 36(5) [Sept.–Oct. 2010]

Diluent:  Transfer 0.46 g of edetate disodium to a 1-L beaker, Acceptance criteria
and dissolve in 500 mL of water. Adjust with 1 N sodium Risedronate related compound B:  NMT 0.10%
hydroxide to a pH of 7.5 ± 0.1. Individual impurities:  NMT 0.10%

Standard solution:  5 µg/mL of USP Risedronate Related Total impurities:  NMT 0.50%, Procedure 1 and Procedure 2
Compound B RS in Diluent being combined

Diluted standard solution:  0.5 µg/mL of USP Risedronate [NOTE—Disregard any peak observed in the blank. The re-
Related Compound B RS in Diluent from the Standard solution porting level for impurities is 0.05%.]

Sample solution:  2 mg/mL of Risedronate Sodium, in Dilu-
SPECIFIC TESTSent, using sonication if necessary

Chromatographic system
(See Chromatography 〈621〉, System Suitability.) Change to read:
Mode:  LC
Detector:  UV 263 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1 • WATER DETERMINATION, Method Ic 〈921〉 (where it is labeled as a
Flow rate:  1.0 mL/min hemi-pentahydrate):  11.9%–13.9%. •Perform the test by di-
Injection size:  10 µL rect introduction of solid sample into the titrator. Alternatively,

System suitability Method 1a may be used.•(1-Feb-2011)
Samples:  Standard solution and Diluted standard solution • LOSS ON DRYING 〈731〉 (where it is labeled as a monohydrate):
Suitability requirements (See Thermal Analysis 〈891〉.) Determine the percentage of vol-
Capacity factor:  Greater than 2, Standard solution atile substances by thermogravimetric analysis on an appropri-
Tailing factor:  Less than 1.5, Standard solution ately calibrated instrument, using 7–15 mg of Risedronate So-
Relative standard deviation:  NMT 5% from three repli- dium. Heat the specimen under test at a rate of 10°/min in a
cate injections, Standard solution stream of nitrogen at a flow rate of about 40 mL/min. Record

Relative standard deviation:  NMT 10% from three repli- the thermogram from ambient temperature to 250°.
cate injections, Diluted standard solution Acceptance criteria:  It loses between 5.5% and 7.5% of its

Analysis weight.
Samples:  Standard solution and Sample solution

ADDITIONAL REQUIREMENTS[NOTE—Disregard any peak eluting before risedronate re-
• LABELING:  Label to indicate whether it is the monohydrate orlated compound B. The risedronate peak elutes un-

the hemi-pentahydrate form.retained at the void volume.]
• PACKAGING AND STORAGE:  Preserve in well-closed containers.Calculate the percentage of each impurity in the portion of

Store at room temperature.Risedronate Sodium taken:
• USP REFERENCE STANDARDS 〈11〉

 Result= (rU/rS) × (CS/(CU) × (Mr1/Mr2) × 100 USP Risedronate Sodium RS
USP Risedronate Related Compound A RS

rU = peak response of each impurity from the Sample 2-Pyridinyl isomer [1-hydroxy-2-(2-
solution pyridinyl)ethylidene]bis(phosphonic acid) monohydrate.

rS = peak response of risedronate related compound C7H11NO7P2 283.12
B from the Standard solution USP Risedronate Related Compound B RS

CS = concentration of USP Risedronate Related Com-  Cyclic dimer, disodium tetrahydrate salt, [3,6-bis[(3-
pound B RS in the Standard solution (mg/mL) pyridinyl)methyl]-2,5-dihydroxy-2,5-dioxido-1,4,2,5-diox-

CU = concentration of Risedronate Sodium in the Sam- adiphosphorinane-3,6-diyl]bis[phosphonic acid] disodium te-
ple solution (mg/mL) trahydrate salt.

Mr1 = molecular weight of risedronate related com- C14H16N2O12P4Na2 · 4H2O 646.22
pound B as a free acid, 530.20

Mr2 = molecular weight of risedronate related com-
pound B as a tetrahydrate disodium salt,
646.22
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IN-PROCESS REVISION
This section contains proposals for adoption as official USP or NF standards (either proposed new standards or proposed
revisions of current USP or NF standards). These may be any of the following: (1) proposed revisions placed directly under
In-Process Revision, or (2) modifications of revisions previously proposed under In-Process Revision. Readers should review
material in this section and provide comments to the staff liaison (use the Staff Directory to find the contact information).
Information on how to comment is found in the Policies and Announcements section. It is important to send comments
promptly so that the Committee members can consider readers’ input as they are deciding whether to advance stan-
dards to official status.

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

BRIEFING

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

(DSI: D. Sarma.) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. Because of
the redesign of monographs, any proposed new text with revisions for USP 33–NF 28 and beyond will be set off from the
current official text by shading where the symbols surround the text changes. Standards that become official as Interim
Revision Announcements (IRAs) in Pharmacopeial Forum will continue to identify changed text in a larger font (print edition
only). All USP–NF revisions use the following symbols that indicate the final destination of the official text: .new text. if
slated for an IRA;

~

new text
~

if slated for USP–NF; and &new text& if slated for a Supplement to USP–NF. The same symbols
not set off by an extra paragraph break and enclosing text with no increase in type size indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as .

., or &
&, or

~

~
, it means that text has

been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA or Supplement or in-
dicates the USP or NF as the publication where the revision will appear if approved. For example, .2 indicates that the
revision is proposed for the Interim Revision Announcement that will appear in issue 2 of a given PF volume, &2S (USP 32)

indicates that the proposed revision is slated for the Second Supplement to USP 32, and
~USP33 and

~NF28 indicates that
the revisions are proposed for USP 33 and NF 28, respectively.

Official Title Changes Where the specification ‘‘Monograph title change’’ is found, it indicates that the official title
stated after that specification will be substituted for the former title in the appropriate places throughout that mono-
graph once this revision becomes official.
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Mode:  LCUSP MONOGRAPHS Detector:  UV 254 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  1.2 mL/min
Injection size:  10 µL

System suitability
Sample:  Standard solution

BRIEFING [NOTE—The relative retention times for alclometasone dipro-
pionate and betamethasone dipropionate are about 0.7 and
1.0, respectively.]

Suitability requirementsAlclometasone Dipropionate,  USP 32 page 1439. As part of
Resolution:  NLT 3.0 between the analyte and the Internalthe USP monograph modernization initiative, it is proposed to
standard solution peaksreplace the TLC test for Organic Impurities with a validated HPLC

Relative standard deviation:  NMT 2%method. The proposed liquid chromatographic procedure is
Analysisbased on analyses performed with the Thermo Scientific
Samples:  Standard solution and Sample solutionHypersil-ODS brand of L1 column from which alclometasone
Calculate the percentage of C28H37ClO7 in the portion taken:dipropionate elutes at about 5 min. It is also proposed to add

limits for the individual specified and unspecified impurities, and
Result = (RU/RS) × (CS/CU) × 100to change the total impurities limit from 3.0% to 2.0%.

RU = peak height ratio from the Sample solution
RS = peak height ratio from the Standard solution

(MD-PS: D. Vicchio.) RTS—C84052 CS = concentration of USP Alclometasone Dipropion-
ate RS in the Standard solution (mg/mL)

CU = concentration of the Sample solution (mg/mL)
Acceptance criteria:  97.0%–102.0% on the dried basis

.

IMPURITIESAlclometasone Dipropionate
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
• HEAVY METALS, Method II 〈231〉:  NMT 30 ppm

Change to read:

Organic Impurities
• PROCEDURE

Adsorbent:  0.25-mm layer of chromatographic silica gelC28H37ClO7 521.04 mixturePregna-1,4-diene-3,20-dione, 7-chloro-11-hydroxy-16-methyl- Diluent:  Dilute 250 mL methanol with dichloromethane to17,21-bis(1-oxopropoxy)-, (7α,11β,16α)-; 500 mL.7α-Chloro-11β,17,21-trihydroxy-16α-methylpregna-1,4- Standard stock solution:  250 ± 10 µg/mL of USP Al-diene-3,20-dione 17,21-dipropionate [66734-13-2]. clometasone Dipropionate RS in Diluent
Standard solutions:  Dilute volumes of Standard stock solutionDEFINITION
quantitatively with Diluent to obtain Standard solutions, desig-Alclometasone Dipropionate contains NLT 97.0% and NMT
nated below by letter, having the following concentrations.102.0% of C28H37ClO7, calculated on the dried basis.

IDENTIFICATION Standard Concentration Percentage
• A. INFRARED ABSORPTION 〈197M〉  Solution Dilution  (µg/mL) (%)
• B.  The retention time of the major peak of the Sample solution

A (4 in 5) 200 2.0corresponds to that of the Standard solution, both relative to
B (3 in 5) 150 1.5the Internal standard solution, as obtained in the Assay.
C (2 in 5) 100 1.0

ASSAY D (3 in 10) 75 0.75
• PROCEDURE E (2 in 10) 50 0.50

Solution A:  6.80 mg/mL of monobasic potassium phosphate
F (1 in 10) 25 0.25(0.05 M)

Mobile phase:  Methanol and Solution A (2:1) Sample solution:  10 ± 0.4 mg/mL of Alclometasone Dipro-
Internal standard solution:  2 mg/mL of betamethasone pionate in Diluent
dipropionate in methanol Application volume:  25 µL

Standard stock solution:  1.2 mg/mL of USP Alclometasone Visualization:  Short-wavelength UV light
Dipropionate RS in methanol Developing solvent system:  Chloroform and acetone (7:1)

Standard solution:  4.0 mL of Standard stock solution and 4.0 Analysis
mL of Internal standard solution. Dilute with methanol to 25 Samples:  Standard solutions A–F and Sample solution
mL. [NOTE—This solution contains approximately 0.2 mg/mL Proceed as directed for Chromatography 〈621〉, Thin-Layer
of USP Alclometasone Dipropionate RS.] Chromatography. Develop the chromatograms until the sol-

Sample stock solution:  1.2 mg/mL of Alclometasone Dipro- vent front has moved about three-fourths the length of the
pionate in methanol plate. Observe the plate under short-wavelength UV light,

Sample solution:  4 mL of Sample stock solution and 4 mL of and compare the intensities of any secondary spots ob-
Internal standard solution. Dilute with methanol to 25 mL. served in the chromatogram of the Sample solution with

Chromatographic system those of the principal spots in the chromatograms of the
(See Chromatography 〈621〉, System Suitability.) Standard solutions.

Acceptance criteria:  The sum of the intensities of secondary
spots obtained from the Sample solutions corresponds to
NMT 3.0% of related compounds.
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■• PROCEDURE Change to read:
Mobile phase:  Acetonitrile and water (3:2)
Diluent:  Acetonitrile and water (2:1)
System suitability solution:  1.5 mg/mL of USP Al- • USP REFERENCE STANDARDS 〈11〉
clometasone Dipropionate RS and 0.015 mg/mL of USP Al- USP Alclometasone Dipropionate RS
clometasone Dipropionate Related Compound A RS in Diluent ■USP Alclometasone Dipropionate Related Compound A RS

Sample solution:  1.5 mg/mL of Alclometasone Dipropionate 11β,17,21-trihydroxy-16α-methylpregna-1,4-diene-3,20-di-
in Diluent one 17,21-dipropionate.

Chromatographic system C28H38O7 486.60■2S (USP34)

(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 254 nm

BRIEFINGColumn:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection size:  5 µL
Run time:  Three times the retention time of alclometasone Alendronate Sodium Tablets,  USP 33 Reissue page R-451 and

System suitability page 59 of PF 35(1) [Jan.–Feb. 2009]. It is proposed to add
Sample:  System suitability solution more information on how to prepare the Sample solution in Dis-
Suitability requirements solution Test 1.
Tailing factor:  NMT 1.5 for alclometasone dipropionate
Relative standard deviation:  NMT 2.0% for al-
clometasone dipropionate (SM3:  M. Marques.) RTS—C92886Resolution:  NLT 2.0 between alclometasone dipropionate
and alclometasone dipropionate related compound A

Analysis
Sample:  Sample solution

.Calculate the percentage of each impurity in the portion of Alendronate Sodium TabletsAlclometasone Dipropionate taken:

DEFINITIONResult = (rU/rT) × 1/F × 100
Alendronate Sodium Tablets contain an amount of Alendronate

rU = peak area for each impurity from the Sample Sodium equivalent to NLT 90.0% and NMT 110.0% of the la-
solution beled amount of alendronic acid (C4H13NO7P2).

rT = sum of all the peaks from the Sample solution
IDENTIFICATIONF = relative response factor (see Impurity Table 1)
• The retention time of the major peak of the Sample solutionAcceptance criteria:  See Impurity Table 1.

corresponds to that of the Standard solution, as obtained inTotal impurities:  NMT 2.0%
the Assay.

Impurity Table 1 ASSAY
• PROCEDURERelative Relative Acceptance Solution A:  14.7 g/L of sodium citrate dihydrate and 7.05 g/LRetention Response Criteria, of anhydrous dibasic sodium phosphate in water. [NOTE—Ad-Name Time Factor NMT (%) just with phosphoric acid to a pH of 8.0 before bringing the

Alclometasone dipropionate 1.0 — — solution to volume.]
Alclometasone dipropionate 1.2 0.93 1.0 Solution B:  38.1 g/L of sodium borate in water
related compound Aa Solution C:  1 mg/mL of 9-fluorenylmethyl chloroformate in

2-Bromo aclometasone 1.7 0.91 0.5 acetonitrile. [NOTE—Prepare this solution fresh just before use.]
dipropionateb Mobile phase:  Acetonitrile, methanol, and Solution A

(20:5:75)Any individual, unspecified — 1.0 0.10
Diluent:  29.4 g/L of sodium citrate dihydrate in waterimpurity
Standard stock solution:  0.03 mg/mL of anhydrous alen-a 11β,17,21-Trihydroxy-16α-methylpregna-1,4-diene-3,20-dione 17,21-dipro-
dronate sodium in Diluent, from USP Alendronate Sodium RSpionate.

Standard solution:  Transfer 5.0 mL of the Standard stock solu-b 2-Bromo-7α-chloro-11β,17,21-trihydroxy-16α-methylpregna-1,4-diene-3,20-
tion to a 50-mL polypropylene screw-cap centrifuge tube con-dione 17,21-dipropionate.
taining 5 mL of Solution B, and mix for 3 min. Add 4 mL of

■2S (USP34) Solution C, and agitate for 30 s. Allow the solution to stand at
room temperature for 25 min. Add 25 mL of methylene chlo-

SPECIFIC TESTS ride, and agitate for 40 s. Centrifuge the mixture for 10 min.
• OPTICAL ROTATION, Specific Rotation 〈781S〉:  +21° to +25° Use the clear upper aqueous layer.

Sample solution:  30 mg/mL in dioxane Sample stock solution:  Transfer NLT 10 Tablets to a 1000-mL
• LOSS ON DRYING 〈731〉:  Dry a sample in a vacuum at a pressure volumetric flask. Add 500 mL of Diluent, shake by mechanical

not exceeding 5 mm of mercury at 105° for 3 h: it loses NMT means for 30 min, and sonicate for 5 min. Dilute with Diluent
0.5% of its weight. to volume, and centrifuge a portion of this solution. Quantita-

tively dilute a portion of the clear supernatant to a concentra-ADDITIONAL REQUIREMENTS tion of 0.02–0.03 mg/mL of alendronic acid.• PACKAGING AND STORAGE:  Preserve in tight containers, and Sample solution:  Transfer 5.0 mL of the Sample stock solutionstore at a controlled room temperature. to a 50-mL polypropylene screw-cap centrifuge tube contain-
ing 5 mL of Solution B, and mix for 3 min. Add 4 mL of
Solution C, and agitate for 30 s. Allow the solution to stand at
room temperature for 25 min. Add 25 mL of methylene chlo-
ride, and agitate for 40 s. Centrifuge the mixture for 10 min.
Use the clear upper aqueous layer.

Blank:  Transfer 5 mL of Diluent to a 50-mL polypropylene
screw-cap centrifuge tube containing 5 mL of Solution B, and
mix for 3 min. Add 4 mL of Solution C, and agitate for 30 s.

2010 The United States Pharmacopeial Convention All Rights Reserved.

In-Process Revision



Pharmacopeial Forum
1158 IN-PROCESS REVISION Vol. 36(5) [Sept.–Oct. 2010]

Allow the solution to stand at room temperature for 25 min. 4.0■3.0■2S (USP34) mL of Solution C, and agitate■vortex■2S (USP34)

Add 25 mL of methylene chloride, and agitate for 40 s. Cen- for 30 s. Allow the solution to stand at room temperature for
trifuge the mixture for 10 min. Use the clear upper aqueous 25 min■20–30 min maximum.■2S (USP34) Add 25 mL of methyl-
layer. ene chloride, and agitate for 40 s■shake for 30–60 s. Allow to

Chromatographic system stand 5 min.■2S (USP34) Centrifuge the mixture for 5 min ■at
(See Chromatography 〈621〉, System Suitability.) approximately 1500 rpm.■2S (USP34) Use a portion of the clear,
Mode:  LC upper aqueous layer.
Detector:  UV 266 nm Blank:  Transfer 5 mL of water to a 50-mL polypropylene
Column:  4.1-mm × 25-cm; packing L21 screw-cap centrifuge tube containing 1.0 mL of Diluent and
Column temperature:  35° 5.0 mL of Solution B, and mix for 3 min. Add 4.0 mL of
Flow rate:  1 mL/min Solution C, and agitate for 30 s. Allow the solution to stand
Injection size:  50 µL at room temperature for 25 min. Add 25 mL of methylene

System suitability chloride, and agitate for 40 s. Centrifuge the mixture for 5
Sample:  Standard solution min. Use a portion of the clear, upper aqueous layer.
Suitability requirements Chromatographic system and System suitabilitity:  Proceed

Capacity factor:  NLT 2.0 as directed in the Assay.
Relative standard deviation:  NMT 2.0% for replicate Analysis
injections Samples:  Standard solution and Sample solution

Analysis Calculate the percentage of C4H13NO7P2 dissolved:
Samples:  Standard solution, Sample solution, and Blank

Result = (rU/rS) × C × (Mr1/Mr2) × V × (100/L)Calculate the percentage of the label claim in the portion of
C4H13NO7P2 taken:

rU = peak area from the Sample solution
rS = peak area from the Standard solution Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
C = defined under the Standard stock solution

rU = peak area from the Sample solution Mr1 = molecular weight of alendronic acid, 249.10
rS = peak area from the Standard solution Mr2 = molecular weight of alendronate sodium,
CS = concentration of anhydrous USP Alendronate So- 271.09

dium RS in the Standard stock solution (mg/mL) V = volume of Medium, 900 mL
CU = nominal concentration of alendronic acid in the L = Tablet label claim (mg)

Sample stock solution (mg/mL) Tolerances:  NLT 80% (Q) of the labeled amount of
Mr1 = molecular weight of alendronic acid, 249.10 C4H13NO7P2 is dissolved. For Tablets labeled for weekly dos-
Mr2 = molecular weight of anhydrous alendronate sodi- ing, NLT 75% (Q) of the labeled amount of C4H13NO7P2 is

um, 271.09 dissolved.
Acceptance criteria:  C4H12NNaO7P2 equivalent to Test 2:   If the product complies with this test, the labeling
90.0%–110.0% of the labeled amount of C4H13NO7P2 indicates that the product meets USP Dissolution Test 2.

Medium:  Water; 900 mL
PERFORMANCE TESTS Apparatus 2:  50 rpm

Time:  30 min
Determine the amount of C4H12NNaO7P2 · 3H2O dissolved ▲us-Change to read:
ing the following method.

Solution B and Solution C:  Proceed as directed in the Assay.
0.6 M citrate buffer:  176.4 g/L of sodium citrate dihydrate• DISSOLUTION 〈711〉
in waterTest 1

0.05 M buffer:  Transfer 14.7 g of sodium citrate dihydrateMedium:  Water; 900 mL
and 7.05 g of anhydrous dibasic sodium phosphate to aApparatus 2:  50 rpm
1000-mL volumetric flask, dissolve in about 900 mL of water,Time:  15 min
adjust with phosphoric acid to a pH of 8.0, and dilute withDetermine the amount of C4H13NO7P2 dissolved by using the
water to volume.following method.

Mobile phase:  0.05 M buffer, acetonitrile, and methanolSolution A and Mobile phase:  Proceed as directed in the
(76:19:5)Assay.

Standard stock solution:  Prepare a solution of USP Alen-Solution B:  Dissolve 6.2 g of boric acid in approximately 950
dronate Sodium RS in Medium with a final concentration cor-mL of water. Adjust with 1 N sodium hydroxide to a pH of
responding to the concentration obtained by dissolving 19.0, and dilute with water to 1 L.
Tablet in 900 mL of Medium. Calculate the concentration, CSolution C:  0.5 mg/mL of 9-fluorenylmethyl chloroformate
(mg/mL), of anhydrous alendronate sodium in this solution.in acetonitrile. [NOTE—Prepare this solution fresh.]

Standard solution:  Transfer 5.0 mL of the Standard stock so-Diluent:  176.4 g/L of sodium citrate in Medium
lution to a 50-mL screw-cap polypropylene centrifuge tubeStandard stock solution:  USP Alendronate Sodium RS in Me-
containing 1.0 mL of 0.6 M citrate buffer and 5.0 mL of Solu-dium to make a concentration equivalent to dissolving 1 Tab-
tion B, and mix for about 3 min. Add 4.0 mL of Solution C,let in 900 mL of the same Medium. Calculate the concentra-
and agitate for about 30 s. Allow the solution to stand attion, C (mg/mL), of anhydrous alendronate sodium in this
room temperature for about 30 min. Add 25 mL of methyl-solution.
ene chloride, and agitate vigorously for about 40 s. Centri-Standard solution:  Transfer 5.0 mL of the Standard stock so-
fuge the mixture for 10 min. Use a portion of the clear upperlution to a 50-mL polypropylene screw-cap centrifuge tube
aqueous layer.containing 1.0 mL of Diluent and 5.0 mL of Solution B, and

Sample solutionmix for 3 min. Add 4.0 mL of Solution C, and agitate for 30
For Tablets labeled to contain 5, 10, 35, or 40 mg:  Afters. Allow the solution to stand at room temperature for 25
30 min, withdraw 30 mL of the solution under test, andmin. Add 25 mL of methylene chloride, and agitate for 40 s.
pass through a suitable filter of 0.45-µm pore size, discard-Centrifuge the mixture for 5 min. Use a portion of the clear,
ing the first 10 mL. Using 5.0 mL of the filtrate, proceed asupper aqueous layer.
directed for the Standard solution, beginning with “to a 50-Sample solution:  Withdraw a portion of the solution under
mL screw-cap polypropylene centrifuge tube”.test, and centrifuge immediately ■at 2000 rpm for at least 5

For Tablets labeled to contain 70 mg:  After 30 min, with-min.■2S (USP34) Transfer 5.0 mL of the supernatant to a 50-mL
draw 30 mL of the solution under test, and pass through apolypropylene screw-cap centrifuge tube containing 1.0 mL
suitable filter of 0.45-µm pore size, discarding the first 10of Diluent and 5.0 mL of Solution B, and mix for 3 min. Add
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mL. Transfer 6.0 mL of the filtrate to a 10-mL volumetric ASSAY
flask, and dilute with water to volume. Using 5.0 mL of
this dilution, proceed as directed for the Standard solution, Change to read:beginning with “to a 50-mL screw-cap polypropylene cen-
trifuge tube”.

Blank:  Using 5 mL of water, proceed as directed for the • PROCEDURE
Standard solution, beginning with “to a 50-mL screw-cap Sample:  1 g
polypropylene centrifuge tube”. Analysis:  Dissolve the Sample in a mixture of 10 mL of water

Chromatographic system and System suitability:  Proceed and 1 mL of ammonium hydroxide in a 250-mL volumetric
as directed in the Assay. flask, and dilute with water to volume. Filter the solution, and

Analysis:  Proceed as directed in Test 1.▲USP33 transfer 50.0 mL of the filtrate to a 600-mL beaker. Add 250
Tolerances:  NLT 80% (Q) of the labeled amount of alen- mL of water, 20 g of ammonium chloride, 15 mL of hydro-
dronate sodium (C4H12NNaO7P2 · 3H2O) is dissolved. chloric acid, and 0.15 mL of methyl orange TS, heat nearly to

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements boiling, and add 18 mL of lead acetate TS. To the hot solution
add, slowly and with constant stirring, a saturated solution ofADDITIONAL REQUIREMENTS ammonium acetate until the color turns yellow, and then add• PACKAGING AND STORAGE:  Preserve in tight containers. Store 15 mL of lead acetate TS. Cover the beaker, and heat justbetween 15° and 30°. below the boiling temperature until the precipitate has settled.• LABELING:  The labeling indicates weekly dosing where appro- Filter through a tared, porous porcelain crucible, wash withpriate. When more than one Dissolution test is given, the label- seven or eight successive portions of a mixture of water, satu-ing states the test used only if Test 1 is not used. rated ammonium acetate solution, and nitric acid• USP REFERENCE STANDARDS 〈11〉 (890:100:10), and finally wash with three successive portionsUSP Alendronate Sodium RS of hot water. Ignite to constant weight at 560°–625°. Each
mg of the lead molybdate is equivalent to 0.4809 mg of
(NH4)6Mo7O24 · 4H2O.

■Sample solution:  Dissolve 0.7 g of Ammonium Molybdate inBRIEFING
100 mL water. Adjust with dilute nitric acid to a pH of 4.0.
Add saturated hexamethylenetetramine solution to achieve a
pH of 5–6.Ammonium Molybdate,   USP 32 page 1535. Difficulties were Analysis:  Heat the Sample solution to 60° and add 0.2 mL ofreported in performing the gravimetric Assay procedure. As part 0.1% 4-[2-pyridylazo]resorcinol solution in alcohol. Titrateof USP monograph modernization efforts and in response to the with 0.1 M lead nitrate VS from the yellow color to the firstcomments received, it is proposed to replace it with a titrimetric permanent pink endpoint. Carry out a blank titration. Each mLAssay adopted from the Ammonium Molybdate Tetrahydrate of 0.1 M lead nitrate is equivalent to 17.66 mg ofmonograph in ACS Reagent Chemicals, 10th Edition. In addition, (NH4)6Mo7O24 · 4H2O.■2S (USP34)it is proposed to clarify the preparation of the Control solution Acceptance criteria:  99.3%–101.8%under the test for Arsenate, Phosphate, and Silicate, and to add a

numerical specification of “NMT 10 ppm” to this test. IMPURITIES

Change to read:
(MD-GRE: M. Puderbaugh, E. Gonikberg.) RTS—C89096

Inorganic Impurities
• ARSENATE, PHOSPHATE, AND SILICATE

. Sample solution:  Dissolve 2.5 g of the analyte in 70 mL of
Ammonium Molybdate water in a container other than one of glass.

Control solution:  Dissolve 0.5 g of the analyte in 70 mL of
water in a container other than one of glass, and add 2 mL(NH4)6Mo7O24 · 4H2O 1235.86
of sodium silicate solution (1 in 20,000)■an amount of so-Molybdate (Mo7O246–), hexaammonium, tetrahydrate;
dium silicate solution equivalent to 0.02 mg of silicaHexaammonium molybdate tetrahydrate [12054-85-2].
(SiO2).■2S (USP34)

DEFINITION Analysis
Ammonium Molybdate contains NLT 99.3% and NMT 101.8% of Samples:  Sample solution and Control solution

(NH4)6Mo7O24 · 4H2O. Adjust with 1.2 N hydrochloric acid to a pH of between 3
and 4, transfer to a glass container, add 2 mL of bromine

IDENTIFICATION TS, and adjust with 1.2 N hydrochloric acid to a pH of
• PROCEDURE 1.8 ± 0.1. Heat almost to boiling, and cool to room tem-

Sample:  0.6 g perature. Dilute with water to 90 mL, add 10 mL of hydro-
Analysis:  Dissolve the Sample in 1.4 mL of water and 1.45 mL chloric acid, and transfer to a separator. Add 1 mL of butyl
of ammonium hydroxide. Cool this mixture, and add slowly, alcohol and 30 mL of 4-methyl-2-pentanone, shake vigor-
with mixing, 7.2 mL of a well-cooled mixture of 3.2 mL of ously, and allow the phases to separate. Discard the aque-
nitric acid and 4 mL of water. Allow to stand for 24–48 h, and ous phase, and wash the ketone phase with three succes-
pass through a sintered-glass filter. To 5 mL of the filtrate, add sive 10-mL portions of 1.2 N hydrochloric acid, discarding
2 mL of dibasic sodium phosphate TS. the washings. To the washed ketone phase add 10 mL of

Acceptance criteria:  A yellow precipitate is formed, and it is 1.2 N hydrochloric acid to which has just been added 0.2
soluble in an excess of 6 N ammonium hydroxide. mL of a freshly prepared solution (1 in 50) of stannous

chloride in hydrochloric acid.
Acceptance criteria:  Any blue color in the Sample solution
does not exceed that in the Control solution ■(NMT 10
ppm).■2S (USP34)

• CHLORIDE AND SULFATE, Chloride 〈221〉:  A 0.5-g portion shows
no more chloride than 0.30 mL of 0.001 N hydrochloric acid
(NMT 20 ppm).
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• CHLORIDE AND SULFATE, Sulfate 〈221〉:  A 0.25-g portion shows on the validated methods of analysis is proposed. The liquid
no more sulfate than corresponds to 1.0 mL of 0.001 N sulfu- chromatographic procedure used in Organic Impurities and in
ric acid (NMT 200 ppm). the Assay are based on analyses performed with the Phe-

• HEAVY METALS 〈231〉 nomenex Synergi Polar-RP 4-µm brand of L11 column. The typi-
Stock solution:  Dissolve 2.0 g of Ammonium Molybdate in cal retention time reported for anagrelide is about 10 min under
20 mL of water, add 10 mL of 2.5 N sodium hydroxide and the specified condition.
2 mL of ammonium hydroxide, and dilute with water to 40
mL.

Control solution:  To 10 mL of Stock solution add 1.0 mL of (MD-CV: F. Mao, S. Ramakrishna.) RTS—C54619Standard Lead Solution, prepared as directed under Heavy
Metals 〈231〉, and dilute with water to 40 mL.

Sample solution:  Dilute the remaining 30-mL portion of the
Stock solution with water to 40 mL.

Analysis:  To both the Sample solution and the Control solution
Add the following:add 1.2 mL of thioacetamide–glycerin base TS and 2 mL of

pH 3.5 Acetate Buffer, and allow to stand for 5 min.
Acceptance criteria:  Any color in the Sample solution does

.not exceed that in the Control solution (NMT 10 ppm).
■Anagrelide Hydrochloride• INSOLUBLE SUBSTANCES

Sample:  20 g
Analysis:  Dissolve the Sample in 200 mL of water in a beaker,
heat to boiling, cover, and heat on a steam bath for 1 h.
Pass the hot solution through a tared filtering crucible, wash
the insoluble residue with hot water, and dry at 105° for 2 h.  Acceptance criteria:  The weight of the residue is NMT 1 mg
(0.005%).

• NITRATE C10H7Cl2N3O · HCl · H2O 310.56
Sample:  1 g Anhydrous 292.55
Analysis:  Dissolve the Sample in 10 mL of water containing 5  [58579-51-4].
mg of sodium chloride, and add 0.10 mL of a solution (1 in Imidazo[2,1-b]quinazolin-2(3H)-one, 6,7-dichloro-1,5-dihydro-,
1000) of indigo carmine in 3.6 N sulfuric acid. monohydrochloride, monohydrate;

Acceptance criteria:  The blue color is not completely dis- 6,7-Dichloro-1,5-dihydroimidazo[2,1-b]-quinazolin-2(3H)-one
charged in 5 min. monohydrochloride, monohydrate [823178-43-4].

• MAGNESIUM AND ALKALI SALTS
DEFINITIONSample:  5.0 g
Anagrelide Hydrochloride contains NLT 98.0% and NMT 102.0%Analysis:  Dissolve the Sample in 50 mL of water, and filter.

of C10H7Cl2N3O · HCl, calculated on the anhydrous basis.To the filtrate add 0.5 g of sodium carbonate and 25 mL of
2.5 N sodium hydroxide. Boil the solution gently for 5 min,

IDENTIFICATIONcool, and pass through an ignited and tared filter. Wash the
• A. INFRARED ABSORPTION 〈197K〉filter with 1 N ammonium hydroxide. Ignite the filter at
• B.  The retention time of the major peak in the chromatogram800 ± 25° for 30 min.

of the Sample solution corresponds to that of the Standard so-Acceptance criteria:  The weight of the residue does not ex-
lution, as obtained in the Assay.ceed 1 mg (NMT 0.02%).

• C. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  Meets the• PHOSPHATE
requirementsSample solution:  Dissolve 20 g of the analyte in 100 mL of

3 N ammonium hydroxide. ASSAYStandard solution:  Dissolve 143.3 mg of dried monobasic • PROCEDUREpotassium phosphate in water to make 1000 mL, and then [NOTE—Use freshly prepared standard and sample solutionsdilute 1.0 mL of this solution with 3 N ammonium hydroxide and inject within 2 h.]to 100 mL. Solution A:  6.8 g/L of monobasic potassium phosphate inAnalysis water. Adjust with phosphoric acid to a pH of 2.5.Samples:  Sample solution and Standard solution Mobile phase:  Acetonitrile and Solution A (1:3)Add 3.5 mL of ferric nitrate solution (1 in 10), and allow to Diluent:  Acetonitrile and water (1:1)stand for 15 min. Warm gently to coagulate the precipi- Standard stock solution:  0.5 mg/mL of anagrelide hydrochlo-tate, and filter. Wash the filter several times with 1.5 N ride in acetonitrile. Transfer USP Anagrelide Hydrochloride RSammonium hydroxide, then wash the filter with 60 mL of into a suitable volumetric flask, add a small amount of 2 Nwarm 4 N nitric acid to dissolve the residue on the filter, hydrochloric acid (3 drops per every 50 mL of the final vol-collecting the filtrate in a glass-stoppered, 250-mL conical ume) and acetonitrile equivalent to 80% of the final volume.flask. Add 13 mL of ammonium hydroxide, warm to 40°, Sonicate to dissolve and dilute with acetonitrile to volume.add 50 mL of ammonium molybdate TS, shake for 5 min, Standard solution:  0.05 mg/mL of anagrelide hydrochlorideand allow to stand at 40° for 2 h. in Diluent, from Standard stock solutionAcceptance criteria:  Any yellow precipitate formed from the Sample stock solution:  Weigh Anagrelide Hydrochloride,Sample solution does not exceed that from the Standard solu- equivalent to 25 mg of anhydrous salt, into a 50-mL volumet-tion (5 ppm). ric flask, add 3 drops of 2 N hydrochloride acid and 40 mL of
acetonitrile. Sonicate to dissolve and dilute with acetonitrile toADDITIONAL REQUIREMENTS
volume.• PACKAGING AND STORAGE:  Preserve in tight containers.

Sample solution:  Transfer 5 mL of Sample stock solution to a
50-mL volumetric flask and dilute with Diluent to volume.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)BRIEFING

Anagrelide Hydrochloride.   Because there is no existing USP
monograph for this drug substance, a new monograph based
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Mode:  LC Mode:  LC
Detector:  UV 254 nm Detector:  UV 254 nm
Column:  4.6-mm × 15-cm; 4-µm packing L11 Column:  4.6-mm × 15-cm; 4-µm packing L11
Flow rate:  1.2 mL/min Refrigerated autosampler temperature:  5°
Injection size:  20 µL Flow rate:  1.2 mL/min

System suitability Injection size:  50 µL
Sample:  Standard solution System suitability
Suitability requirements Samples:  System suitability solution and Standard solution

Column efficiency:  NMT 3000 theoretical plates Suitability requirements
Tailing factor:  NMT 2.0 Column efficiency:  NMT 3000 theoretical plates, Stan-
Relative standard deviation:  NMT 2.0% dard solution

Analysis Tailing factor:  NMT 2.0, Standard solution
Samples:   Standard solution and Sample solution Resolution:  NLT 2.0 between anagrelide related com-
Calculate the percentage of C10H7Cl2N3O · HCl in the portion pound B and anagrelide related compound A, System suit-
of Anagrelide Hydrochloride taken: ability solution

Relative standard deviation:  NMT 2.0%, Standard
Result = (rU/rS) × (CS/CU) × 100 solution

Analysis
rU = peak response from the Sample solution Samples:  Standard solution and Sample solution
rS = peak response from the Standard solution Calculate the percentage of each impurity in the portion of
CS = concentration of USP Anagrelide Hydrochloride Anagrelide Hydrochloride, on the anhydrous basis, taken:

RS in the Standard solution (mg/mL)
CU = concentration of Anagrelide Hydrochloride in the Result = (rU/rS) × (CS/CU) × (1/F) × 100

Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the anhydrous basis rU = peak response of each impurity from the Sample

solution
IMPURITIES rS = peak response of anagrelide from the Standard
Inorganic Impurities solution
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% CS = concentration of USP Anagrelide Hydrochloride
• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm RS in the Standard solution (mg/mL)
Organic Impurities CU = concentration of Anagrelide Hydrochloride (an-
[NOTE—Use freshly prepared standard and sample solutions and hydrous) in the Sample solution (mg/mL)
inject within 2 h.] F = relative response factor for each individual impu-

• PROCEDURE rity (see Impurity Table 1)
Mobile phase:  Proceed as directed in the Assay. Acceptance criteria
Diluent A:  Use the Diluent as described in the Assay. Individual impurities:  See Impurity Table 1. [NOTE—Disre-
Diluent B:  Acetonitrile and water (1:3) gard any impurity peak less than 0.05%.]
Standard stock solution A:  0.05 mg/mL of USP Anagrelide Total impurities:  NMT 1.0%
Related Compound A RS in Diluent A

Standard stock solution B:  0.05 mg/mL of anagrelide re-
Impurity Table 1lated compound B in acetonitrile. Transfer USP Anagrelide Re-

lated Compound B RS into a suitable volumetric flask, add Relative Relative Acceptance
acetonitrile equivalent to 50% of the final volume and a Retention Response Criteria,
small amount of 2 N hydrochloride acid (3 drops per 200 mL Name Time Factor NMT (%)
of the final volume). Sonicate to dissolve, heat in the hot Anagrelide related 0.40 0.43 0.3
water bath if necessary, and dilute with acetonitrile to compound Ba

volume.
Anagrelide related 0.55 0.37 0.15System suitability solution:  0.25 µg/mL of each of anagre-
compound Ab

lide related compound A and anagrelide related compound B
Anagrelide 1.00 1.0 –in Mobile phase, from Standard stock solution A and Standard
Anagrelide related 1.41 0.32 0.15stock solution B
compound CcStandard stock solution C:  0.1 mg/mL of anagrelide hydro-

chloride in acetonitrile. Transfer USP Anagrelide Hydrochlo- Anagrelide trichloro 2.44 1.0 0.15
ride RS into a suitable volumetric flask, add acetonitrile derivatived

equivlent to 80% of the final volume and a small amount of Any unspecified — 1.0 0.1
0.12 N hydrochloric acid (1 mL per 100 mL of the final vol- impurity
ume). Sonicate to dissolve and dilute with acetonitrile to a (2-Amino-5,6-dichloroquinazolin-3(4H)-yl)acetic acid.
volume. b Ethyl 2-(6-amino-2,3-dichlorobenzylamino)acetate.

Standard solution:  0.05 µg/mL of anagrelide hydrochloride c Ethyl 2-(5,6-dichloro-2-imino-1,2-dihydroquinazolin-3(4H)-yl)acetate
in Mobile phase, from Standard stock solution C hydrobromide.

Sample stock solution:  Weigh Anagrelide Hydrochloride, d 6,7,8-Trichloro-3,5-dihydroimidazo[2,1-b]quinazolin-2(1H)-one.
equivalent to 25 mg of anhydrous salt, into a 50-mL volu-
metric flask. Add 45 mL of acetonitrile, sonicate, and swirl SPECIFIC TESTS
the flask until the preparation turns into a cloudy liquid. Add • WATER DETERMINATION, Method I 〈921〉:  Between 4.5% and
1 drop of 0.12 N hydrochloride acid, swirl the flask until the 7.5%
liquid turns to clear, and dilute with acetonitrile to volume.

ADDITIONAL REQUIREMENTSSample solution:  Transfer 5 mL of Sample stock solution into
• PACKAGING AND STORAGE:  Preserve in well-closed and light-re-a 50-mL volumetric flask and dilute with Diluent B to volume.

sistant containers. Store at room temperature.Chromatographic system
• USP REFERENCE STANDARDS 〈11〉(See Chromatography 〈621〉, System Suitability.)

USP Anagrelide Hydrochloride RS
USP Anagrelide Related Compound A RS
[ethyl 2-(6-amino-2,3-dichlorobenzylamino)acetate]
(C11H14Cl2N2O2 277.15)
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USP Anagrelide Related Compound B RS Mode:  LC
[(2-amino-5,6-dichloroquinazolin-3(4H)-yl)acetic acid] Detector:  UV 254 nm
(C10H9Cl2N3O2 274.10)■2S (USP34) Column:  4.6-mm × 15-cm; 4-µm packing L11

Column temperature:  60°
Flow rate:  1.0 mL/min
Injection size:  20 µL

BRIEFING System suitability
Sample:  Standard solution
Suitability requirements

Column efficiency:  NLT 3000 theoretical plates Anagrelide Capsules.  Because there is no existing USP mono-
Tailing factor:  NMT 2.0graph for this drug product, a new monograph is proposed. The
Relative standard deviation:  NMT 2.0%liquid chromatographic procedures in the Assay and in the test

Analysisfor Organic Impurities were validated using a Phenomenex
Samples:  Standard solution and Sample solutionSynergi Polar-RP 80 Å, 4-µm column containing packing L11.
Calculate the percentage of C14H13N5O5S2, based on the labelThe typical retention time for anagrelide is about 4.4 min as
claim, in the portion of Capsules taken:specified in the Assay, and about 9 min as specified in the test

for Organic Impurities. The chromatographic procedure in the
Result = (rU/rS) × (CS/CU) × 100test for Dissolution was validated using a Prodigy C8 brand of

column containing L7 packing. The typical retention time under
rU = peak response of anagrelide from the Sample so-these conditions is about 3.5 min.

lution
rS = peak response of anagrelide from the Standard

solution
(MD-CV: S. Ramakrishna. BPC: M. Marques.) RTS—C54619 Cs = concentration of anagrelide in the Standard solu-

tion (mg/mL)
CU = nominal concentration of anagrelide in the Sam-

ple solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

Add the following: PERFORMANCE TESTS
• DISSOLUTION 〈711〉

Medium:  0.1 N hydrochloric acid; 900 mL
.

Apparatus 1:  100 rpm■Anagrelide Capsules Time:  15 min
Mobile phase:  Proceed as directed in the Assay.DEFINITION Standard solution:  Transfer about 30.32 mg of USP Anagre- Anagrelide Capsules contain NLT 90.0% and NMT 110.0% of lide Hydrochloride RS, equivalent to 25.00 mg of anagrelide,the labeled amount of C10H7Cl2N3O. to a 100-mL volumetric flask. Add about 80 mL of acetonitrile
and 3 drops of 2 N hydrochloric acid. Sonicate until dissolved.IDENTIFICATION
Dilute with acetonitrile to volume. Dilute this solution with• The retention time of the major peak of the Sample solution
Medium to obtain a final concentration of about (L/1000) mg/corresponds to that of the Standard solution, as obtained in
mL, where L is the Capsule label claim in mg.the Assay.

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

Chromatographic system• PROCEDURE
(See Chromatography 〈621〉, System Suitability.)Solution A:  1.0 g/L of sodium hexanesulfonate. Add 1.0 mL
Mode:  LCof phosphoric acid and filter.
Detector:  UV 274 nmMobile phase:  Acetonitrile and Solution A (7:13)
Column:  4.6-mm × 15-cm; 5-µm packing L7Diluent:  Acetonitrile and water (1:1)
Sample cooler temperature:  5°Standard stock solution:  0.25 mg/mL of USP Anagrelide Hy-
Flow rate:  1.0 mL/mindrochloride RS in acetonitrile. Initially add acetonitrile (about
Injection size:  20 µL80% of the volume of the flask) and a small quantitiy of 2 N

System suitabilityhydrochloric acid (about 0.2 mL for every 100 mL of the final
Sample:  Standard solutionvolume). Sonicate to dissolve, and dilute with acetonitrile to
Suitability requirementsvolume.

Column efficiency:  NLT 3000 theoretical platesStandard solution:  0.01 mg/mL of anagrelide free base in
Tailing factor:  NMT 2.0Diluent from Standard stock solution
Relative standard deviation:  NMT 2.0%Sample solution:  0.01 mg/mL of anagrelide free base pre-

Calculate the percentage of anagrelide dissolved:pared from the contents of NLT 20 Capsules. Add Diluent
(80% of the volume of the flask), sonicate for 10 min, and stir

Result = (rU/rS) × WS(100 – WC)/(25 × 100) × Mr1/Mr2 × V/L xfor 15 min. Further dilute with Diluent to volume, centrifuge
100for 15 min at 4000 rpm, and use the supernatant for analysis.

Chromatographic system
rU = peak response from the Sample solution(See Chromatography 〈621〉, System Suitability.)
rS = peak response from the Standard solution
WS = weight of the USP Anagrelide Hydrochloride RS

taken (mg)
WC = water content of the USP Anagrelide Hydrochlo-

ride RS (%)
Mr1 = molecular weight of anagrelide, 256.10
Mr2 = molecular weight of anagrelide hydrochloride,

292.56
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)

Tolerances:  NLT 80% (Q) of the labeled amount of anagrelide
is dissolved.

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1163

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements (RRT = 1.15) are process related and controlled in the drug
substance.]

IMPURITIES
Organic Impurities

Impurity Table 1• PROCEDURE
Buffer solution:  6.8 g/L of monobasic potassium phosphate. Relative Relative Acceptance
Adjust with diluted phosphoric acid to a pH of 3.50 ± 0.05. Retention Response Criteria,
Mix well and filter. Name Time Factor NMT (%)

Mobile phase:   Acetonitrile and Buffer solution (27:73) Anagrelide 1.0 — —
Diluent:  Acetonitrile:water (7:13) hydrochloride
Related compound A stock solution:  10 µg/mL of USP

Anagrelide related 0.3 0.34 1.0Anagrelide Related Compound A RS in Diluent
compound Ba

Related compound C stock solution:  10 µg/mL of USP
Anagrelide trichloro 1.8–2.3 1.0 0.15Anagrelide Related Compound C RS in Diluent
derivativebSystem suitability solution:  0.2 µg/mL of each USP Anagre-

Any other — — 0.2lide Related Compound A RS and USP Anagrelide Related
individual impurityCompound C RS and 0.02 mg/mL of USP Anagrelide Hydro-

chloride RS. Initially dissolve USP Anagrelide Hydrochloride RS Total Impurities — — 1.5
in Diluent (about 80% of the volume of the flask), sonicate a [2-Amino-5,6-dichloroquinazoline-3(4H)-yl]acetic acid.
for 10 min, and stir for 15 min. Add appropriate amounts of b 6,7,8-Trichloro-3,5-dihydroimidazo[2,1-b]quinazolin-2(1H)-one.
Related compound A stock solution and Related compound C

ADDITIONAL REQUIREMENTSstock solution, and dilute with Diluent to volume.
• PACKAGING AND STORAGE:  Preserve in tight containers, pro-Standard stock solution:  0.1 mg/mL of anagrelide free base

tected from light. Store at controlled room temperature.by dissolving USP Anagrelide Hydrochloride RS in acetonitrile
• USP REFERENCE STANDARDS 〈11〉(about 80% of the volume of the flask). Add a small quantitiy

USP Anagrelide Hydrochloride RSof 2 N hydrochloric acid (about 0.2 mL for every 100 mL of
USP Anagrelide Related Compound A RSthe final volume), sonicate to dissolve, and dilute with
Ethyl 2-(6-amino-2,3-dichlorobenzylamino)acetate.acetonitrile to volume.
C11H14Cl2N2O2  277.15Standard solution:  0.10 µg/mL of anagrelide free base in

USP Anagrelide Related Compound C RSDiluent from Standard stock solution
Ethyl 2-(5,6-dichloro-2-imino-1,2-dihydroquinazolin-3(4H)-Sample solution:  0.02 mg/mL of anagrelide free base from
yl)acetate hydrobromide.■2S (USP34)NLT 20 Capsules. Initially add Diluent to about 80% of the

volume of the flask, sonicate for 10 min, stir for about 15
min, and dilute with Diluent to volume. Centrifuge (about
4000 rpm) the solution for 15 min, and use the supernatant

BRIEFINGfor analysis.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

Antihemophilic Factor,  USP 32 page 1567. The Biologics &Mode:  LC
Biotechnology Blood and Blood Products Expert Committee re-Detector:  UV 254 nm
viewed this human-derived, abbreviated monograph and recom-Column:  4.6-mm × 15-cm; 4-µm packing L11
mended that it be deleted due to lack of quality information.Column temperature:  45°

Flow rate:  1.0 mL/min
Injection size:  30 µL

System suitability (BB BBP: M. Kibbey.) RTS—C92440
Samples:  System suitability solution and Standard solution
Suitability requirements
Resolution:  NLT 2.0 between anagrelide hydrochloride
and anagrelide related compound C, and between
anagrelide hydrochloride and anagrelide related com-

Delete the following:pound A, System suitability solution
Column efficiency:  NLT 3000 theoretical plates, Standard
solution

.Tailing factor:  NMT 2.0, Standard solution
■Antihemophilic FactorRelative standard deviation:  NMT 2.0% for the anagre-

lide peak, Standard solution
DEFINITIONCalculate the percentage of each impurity in the portion of
Antihemophilic Factor conforms to the regulations of the FDACapsules taken:

concerning biologics (see Biologics 〈1041〉). It is a sterile, freeze-
Result = (rU/rS) × (CS/CU) × (1/F) × 100 dried powder containing the Factor VIII fraction prepared from

units of human venous plasma that have been tested for the
rU = peak response of each individual impurity from absence of hepatitis B surface antigen, obtained from whole-

the Sample solution blood donors and pooled. It may contain Heparin Sodium or
rS = peak response of anagrelide from the Standard Sodium Citrate. It meets the requirements of the test for po-

solution tency, by comparison with the U.S. Standard Antihemophilic
CU = nominal concentration of anagrelide in the Sam- Factor (Factor VIII) or with a working reference that has been

ple solution (mg/mL) calibrated with it, in containing NLT 80% and NMT 120% of
CS = concentration of anagrelide in the Standard solu- the potency stated on the label, the stated potency being NLT

tion (mg/mL) 100 Antihemophilic Factor Units/g of protein. It meets the re-
F = relative response factor (see Impurity Table 1) quirements of the test for pyrogen, the test dose being 10

Acceptance criteria:  The individual and total impurities meet Antihemophilic Factor Units/kg.
the limits in ImpurityTable 1. [NOTE—Anagrelide related com-
pound A (RRT = 0.86) and anagrelide related compound C
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SPECIFIC TESTS BRIEFING
• EXPIRATION DATE:  The expiration date is not later than 2 years

from date of manufacture, within which time it may be stored
at room temperature and used within 6 months of the time of Antivenin (Crotalidae) Polyvalent,  USP 32 page 1572. Thesuch storage. Biologics & Biotechnology Vaccines and Virology Expert Com-

mittee reviewed this monograph and the following additionalADDITIONAL REQUIREMENTS
abbreviated monographs: Antivenin (Latrodectus mactans), USP• PACKAGING AND STORAGE:  Preserve in hermetic containers, in a
32 page 1572; Antivenin (Micrurus fulvius), USP 32 page 1572;refrigerator, unless otherwise indicated.
Botulism Antitoxin, USP 32 page 1701; Diptheria and Tetanus Tox-• LABELING:  Label it to state that it is to be used within 4 h after
oids Adsorbed, USP 32 pages 2179; Histoplasmin, USP 32 pageconstitution, that it is for intravenous administration, and that
2559; Influenza Virus Vaccine, USP 32 page 2639; Measles Virusa filter is to be used in the administration equipment.■2S (USP34)
Vaccine Live, USP 32 page 2852; Measles, Mumps, and Rubella
Virus Vaccine Live, USP 32 page 2852; Measles and Rubella Virus
Vaccine Live, USP 32 page 2852; Mumps Skin Test Antigen, USP
32 page 3011; Mumps Virus Vaccine Live, USP 32 pages 3011;BRIEFING
Poliovirus Vaccine Inactivated, USP 32 page 3322; Rabies Vaccine,
USP 32 page 3469; Rubella Virus Vaccine Live, USP 32 pages
3525; Smallpox Vaccine, USP 32 page 3561; Tetanus Toxoid, USPCryoprecipitated Antihemophilic Factor,  USP 32 page 32 page 3688; Tetanus Toxoid Adsorbed, USP 32 page 3688; Tet-1567. The Biologics & Biotechnology Blood and Blood Products anus and Diptheria Toxoids Adsorbed for Adult Use, USP 32 pageExpert Committee reviewed this human-derived, abbreviated 3688; and Yellow Fever Vaccine, USP 32 page 3883. The Commit-monograph and recommended that it be deleted due to lack of tee recommends to omit all of these monographs due to one orquality information. more of the following issues: lack of quality information, prod-
ucts are no longer marketed in the USA, tests are mentioned by
name but no procedures are provided, licenses are revoked, or

(BB BBP: M. Kibbey.) RTS—C92440 the product is no longer manufactured in the same manner.

(BB VV: M. Kibbey.) RTS—C90313

Delete the following:

.

Delete the following:■Cryoprecipitated Antihemophilic Factor

DEFINITION
.

Cryoprecipitated Antihemophilic Factor conforms to the regula- ■Antivenin (Crotalidae) Polyvalenttions of the FDA concerning biologics (640.50 to 640.57) (see
Biologics 〈1041〉). It is a sterile, frozen concentrate of human DEFINITIONantihemophilic factor prepared from the Factor VIII-rich cry- Antivenin (Crotalidae) Polyvalent conforms to the regulations ofoprotein fraction of human venous plasma obtained from suita- the FDA concerning biologics (see Biologics 〈1041〉). It is a ster-ble whole-blood donors from a single unit of plasma derived ile, non-pyrogenic preparation derived by drying a frozen solu-from whole blood or by plasmapheresis, collected and tion of specific venom-neutralizing globulins obtained from theprocessed in a closed system. It contains no preservative. It serum of healthy horses immunized against the venoms of fourmeets the requirements of the test for potency by comparison species of pit vipers, Crotalus atrox, Crotalus adamanteus, Crota-with the U.S. Standard Antihemophilic Factor (Factor VIII) or lus durissus terrificus, and Bothrops atrox (Fam. Crotalidae). It iswith a working reference that has been calibrated with it, in standardized by biological assay on mice, in terms of one dosehaving an average potency of NLT 80 Antihemophilic Factor of antivenin neutralizing the venoms in NLT the number ofUnits/container, made at intervals of NMT 1 month during the mouse LD50 stated, of Crotalus atrox (Western diamondback),dating period. 180; Crotalus durissus terrificus (South American rattlesnake),

1320; and Bothrops atrox (South American fer-de-lance), 780. ItSPECIFIC TESTS
may contain a suitable preservative. When constituted as speci-• EXPIRATION DATE:  The expiration date is not later than 1 year
fied in the labeling, it is opalescent and contains NMT 20.0%from the date of collection of source material.
of solids, determined by drying 1 mL at 105° to constant

ADDITIONAL REQUIREMENTS weight (±1 mg).
• PACKAGING AND STORAGE:  Preserve in hermetic containers at a

SPECIFIC TESTStemperature of −18° or lower.
• SAFETY:  It meets the requirements for general safety (see Bio-• LABELING:  Label it to indicate the ABO blood group designa-

logical Reactivity Tests, In Vivo 〈88〉, Safety Tests—Biologicals).tion and the identification number of the donor from whom
the source material was obtained. Label it also with the type ADDITIONAL REQUIREMENTSand result of a serologic test for syphilis, or to indicate that it • PACKAGING AND STORAGE:  Preserve in single-dose containers.was non-reactive in such test; with the type and result of a Avoid exposure to excessive heat.test for hepatitis B surface antigen, or to indicate that it was • LABELING:  Label it to indicate the species of snakes againstnon-reactive in such test; with a warning not to use it if there which the Antivenin is to be used, and to state that it wasis evidence of breakage or thawing; with instructions to thaw prepared from horse serum.it before use to a temperature between 20° and 37°, after • EXPIRATION DATE:  The expiration date for Antivenin containingwhich it is to be stored at room temperature and used as soon a 10% excess of potency is NMT 5 years after the date of issueas possible but within 6 h after thawing; to state that it is to from manufacturer’s cold storage (5°, 1 year; or 0°, 2be used within 4 h after the container is entered; and to state years).■2S (USP34)that it is for intravenous administration, and that a filter is to
be used in the administration equipment.■2S (USP34)
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BRIEFING the venom of Micrurus fulvius in NLT 250 mouse LD50. It may
contain a suitable preservative. When constituted as specified in
the labeling, it is opalescent and contains NMT 20.0% of
solids, determined by drying 1 mL at 105° to constant weightAntivenin (Latrodectus mactans),  USP 32 page 1572. See
(±1 mg).Briefing under Antivenin (Crotalidae) Polyvalent monograph

SPECIFIC TESTS
• SAFETY:  It meets the requirements for general safety (see Bio-

(BBVV: M. Kibbey.) RTS—C90313 logical Reactivity Tests, In Vivo 〈88〉, Safety Tests—Biologicals).

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in single-dose containers,

and avoid exposure to excessive heat.
• LABELING:  Label it to indicate the species of snake againstDelete the following: which the Antivenin is to be used, and to state that it was

prepared in the horse.
• EXPIRATION DATE:  The expiration date for Antivenin containing

.

a 10% excess of potency is NMT 5 years after the date of issue■Antivenin (Latrodectus mactans) from the manufacturer’s cold storage (5°, 1 year; or 0°, 2
years).■2S (USP34)

DEFINITION
Antivenin (Latrodectus mactans) conforms to the regulations of

the FDA concerning biologics (see Biologics 〈1041〉). It is the
sterile, non-pyrogenic preparation derived by drying a frozen BRIEFING
solution of specific venom-neutralizing globulins obtained from
the serum of healthy horses immunized against the venom of
black widow spiders (Latrodectus mactans). It is standardized by Bicalutamide,   page R-1387 of the Second Supplement to thebiological assay on mice, in terms of one dose of antivenin USP–NF Reissue. On the basis of comments received, it is pro-neutralizing the venom of Latrodectus mactans in NLT 6000 posed to revise the procedure in the test for Organic Impurities inmouse LD50. Thimerosal 1:10,000 is added as a preservative. order to analyze the specified impurity bicalutamide sulfide. ThisWhen constituted as specified in the labeling, it is opalescent impurity elutes at about 68 min by the current official proce-and contains NMT 20.0% of solids. dure, while its typical retention time by the new proposed pro-

cedure is about 25 min. To be more efficient operationally, it isADDITIONAL REQUIREMENTS
also proposed to revise the Assay so that the same chromato-• PACKAGING AND STORAGE:  Preserve in single-dose containers.
graphic system is used in both the test for Organic Impurities andAvoid exposure to excessive heat.
the Assay. The procedures in the test for Organic Impurities and• LABELING:  Label it to indicate the species of spider against
the Assay have been published in the authorized Bicalutamidewhich the Antivenin is to be used, that it is not intended to
Pending monograph, and the sponsor recently received FDA ap-protect against bites from other spider species, and to state
proval. The liquid chromatographic procedure used in the testthat it was prepared in the horse.
for Organic Impurities and in the Assay is based on analyses per-• EXPIRATION DATE:  The expiration date for Antivenin containing
formed with a Hypersil ODS brand of L1 column. The typicala 10% excess of potency is NMT 5 years after the date of issue
retention time for bicalutamide is about 16 min in the test forfrom manufacturer’s cold storage (5°, 1 year; 0°, 2
Organic Impurities and 3 min in the Assay.years).■2S (USP34)

(MD-OOD: F. Mao.) RTS—C85165
BRIEFING

.Antivenin (Micrurus fulvius),  USP 32 page 1572. See Brief-
ing under Antivenin (Crotalidae) Polyvalent monograph. Bicalutamide

(BB VV: M. Kibbey.) RTS—C90313

 

C18H14F4N2O4S 430.37
Propanamide, N-[4-cyano-3-(trifluoromethyl)phenyl]-3-[(4-fluoro-Delete the following: phenyl)sulfonyl]-2-hydroxy-2-methyl-, (±)-;
(±)-4′-Cyano-α,α,α-trifluoro-3-[(p-fluorophenyl)
sulfonyl]-2-methyl-m-lactotoluidide [90357-06-5].

.

■Antivenin (Micrurus fulvius) DEFINITION
Bicalutamide contains NLT 98.0% and NMT 102.0% of

DEFINITION C18H14F4N2O4S, calculated on the anhydrous and solvent-free
Antivenin (Micrurus fulvius) conforms to the regulations of the basis.

FDA concerning biologics (see Biologics 〈1041〉). It is the sterile,
non-pyrogenic preparation derived by drying a frozen solution IDENTIFICATION
of specific venom-neutralizing globulins obtained from the se- • A. INFRARED ABSORPTION 〈197M〉
rum of healthy horses immunized against venom of the Eastern • B.  The retention time of the major peak from the Sample solu-
Coral snake (Micrurus fulvius). It is standardized by biological tion corresponds to that of the Standard solution, as obtained
assay on mice, in terms of one dose of antivenin neutralizing in the Assay.
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ASSAY IMPURITIES
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%Change to read: • HEAVY METALS, Method II 〈231〉:  NMT 10 ppm

• PROCEDURE Change to read:
Mobile phase:  Methanol, tetrahydrofuran, and water (6:3:11)
Standard solution:  0.05 mg/mL of USP Bicalutamide RS in a
minimum amount of tetrahydrofuran, and diluted with Mobile Organic Impurities
phase • PROCEDURE

Sample solution:  0.05 mg/mL of Bicalutamide in a minimum Mobile phase:  Proceed as directed in the Assay.
amount of tetrahydrofuran, and diluted with Mobile phase System suitability solution:  0.05 mg/mL of USP Bi-

Chromatographic system calutamide RS and 0.02 mg/mL of USP Bicalutamide Related
(See Chromatography 〈621〉, System Suitability.) Compound B RS in a minimum amount of tetrahydrofuran,
Mode:  LC and dilute with Mobile phase
Detector:  UV 270 nm Standard solution:  0.02 mg/mL of USP Bicalutamide RS in a
Column:  5-mm × 25-cm; 5-µm packing L1 minimum amount of tetrahydrofuran, and dilute with Mobile
Column temperature:  35°–40° phase
Flow rate:  1.8 mL/min Sample solution:  4.0 mg/mL of Bicalutamide in a minimum
Injection size:  10 µL amount of tetrahydrofuran, and dilute with Mobile phase

System suitability Chromatographic system
Sample:  Standard solution (See Chromatography 〈621〉, System Suitability.)
Suitability requirements Mode:  LC

Relative standard deviation:  NMT 2% Detector:  UV 270 nm
■Solution A:  0.01% (v/v) of trifluoroacetic acid in water Column:  5-mm × 25-cm; 5-µm packing L1
Solution B:  0.01% (v/v) of trifluoroacetic acid in acetonitrile Column temperature:  35°–40°
Mobile phase:  Solution A and Solution B (52:48) Flow rate:  1.8 mL/min
Diluent:  Solution A and Solution B (1:2) Injection size:  10 µL
Standard solution:  0.05 mg/mL of USP Bicalutamide RS in ■Run time:  NLT 3 times the retention time for
Diluent bicalutamide■2S (USP33)

System suitability solution:  5 µg/mL of USP Bicalutamide Re- System suitability
lated Compound A RS and 50 µg/mL of USP Bicalutamide RS Sample:  System suitability solution
in Diluent ■

Sample solution:  0.05 mg/mL of Bicalutamide in Diluent [NOTE—The relative retention times for bicalutamide and bi-
Chromatographic system calutamide related compound B are 1.00 and 1.12,
(See Chromatography 〈621〉, System Suitability.) respectively.]■2S (USP33)

Mode:  LC Suitability requirements
Detector:  UV 270 nm Resolution:  NLT 2.0 between bicalutamide and bi-
Column:  4.0-mm × 10-cm; 3-µm packing L1 calutamide related compound B
Flow rate:  1 mL/min Tailing factor:  Less than 1.3 for bicalutamide
Injection size:  10 µL Relative standard deviation:  NMT 4% for bicalutamide

System suitability Analysis
Samples:  Standard solution and System suitability solution Samples:  Standard solution and Sample solution
[NOTE—The relative retention times for bicalutamide related Calculate the percentage of each impurity in the portion of
compound A isomer A and bicalutamide related compound Bicalutamide taken:
A isomer B are 0.75 and 0.78, respectively.]

Result = (rU/rS) × (CS/CU) × 100Suitability requirements
Resolution:  NLT 2.0 between bicalutamide related com-

rU = peak response for each impurity from the Sam-pound A isomer B and bicalutamide, System suitability
ple solutionsolution

rS = peak response for bicalutamide from the Stan-Relative standard deviation:  NMT 2%, Standard
dard solutionsolution■2S (USP34)

CS = concentration of USP Bicalutamide RS in theAnalysis
Standard solution (mg/mL)Samples:  Standard solution and Sample solution

CU = concentration of the Sample solution (mg/mL)Calculate the percentage of C18H14F4N2O4S in the portion of
Acceptance criteriaBicalutamide taken:

Individual impurities:  See Impurity Table.
Total impurities:  NMT 0.5%Result = (rU/rS) × (CS/CU) × 100

rU = peak response from the Sample solution Impurity Table 1
rS = peak response from the Standard solution

Relative AcceptanceCS = concentration of USP Bicalutamide RS in the
 Retention  Criteria,Standard solution (mg/mL)

Name Time NMT (%) CU = concentration of Bicalutamide in the Sample so-
Des-fluoro analoga 0.74 0.2lution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous and 2-Fluoro isomerb 0.78 0.2
solvent-free basis ■Bicalutamide 1.00 —

 a (RS)-4′-Cyano-3-phenylsulfonyl-2-hydroxy-2-methyl-3′-(trifluoromethyl)-pro-
pionanilide.
b (RS)-4′-Cyano-3-(2-fluorophenylsulfonyl)-2-hydroxy-2-methyl-3′-
(trifluoromethyl)-propionanilide.
c (RS)-4′-Cyano-3-(4-fluorophenylsulfonyl)-2-methyl-3′-(trifluoromethyl)propion-
anilide.
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Impurity Table 1 (Continued) F = relative response factor (see Impurity Table 1)
Acceptance criteriaRelative Acceptance Individual impurities:  See Impurity Table 1. Retention  Criteria, Total impurities:  NMT 0.5%Name Time NMT (%) 

Bicalutamide related compound
Impurity Table 1B 1.12 —■2S (USP33)

Des hydroxy analogc 1.19 0.2 Relative Relative Acceptance
Individual unspecified impurity – 0.1  Retention Response  Criteria,

Name  Time Factor  NMT (%)■
■2S (USP33)

Bicalutamide ami- a (RS)-4′-Cyano-3-phenylsulfonyl-2-hydroxy-2-methyl-3′-(trifluoromethyl)-pro- 0.30 1.4 0.1
nobenzonitrileapionanilide.

b (RS)-4′-Cyano-3-(2-fluorophenylsulfonyl)-2-hydroxy-2-methyl-3′- Bicalutamide related
0.64 1.0 0.1(trifluoromethyl)-propionanilide. compound A isomer Ab

c (RS)-4′-Cyano-3-(4-fluorophenylsulfonyl)-2-methyl-3′-(trifluoromethyl)propion- Bicalutamide related
0.67 1.0 0.1anilide. compound A isomer Bb

Desfluoro bicalutamidec 0.83 1.1 0.2■Solution A, Solution B, Diluent, System suitability solution,
2-Fluoro bicalutamided 0.94 1.0 0.2and Chromatographic system:  Proceed as directed in the

Assay. Bicalutamide 1.00 — —
Mobile phase:  See the gradient table below. Deoxybicalutamidee 1.33 1.0 0.2

Bicalutamide sulfidef 1.56 1.0 0.1
Time Solution A Solution B Any unspecified impurity — 1.0 0.1
(min) (%) (%) a 4-Amino-2-(trifluoromethyl)benzonitrile.

0 67 33 b N-[4-Cyano-3-(trifluoromethyl)phenyl]-3-[(4-fluorophenyl)sulfinyl]-2-hy-
droxy-2-methylpropanamide.16.5 67 33
c N-(4-Cyano-3-(trifluoromethyl)phenyl)-2-hydroxy-2-methyl-3-(phenylsulfonyl-26.5 40 60
)propanamide.32.5 5 95
d N-[4-Cyano-3-(trifluoromethyl)phenyl]-3-(2-fluorophenylsulfonyl)-2-hydroxy-2-

32.6 67 33 methylpropanamide.
35 67 33 e N-[4-Cyano-3-(trifluoromethyl)phenyl]-3-(4-fluorophenylsulfonyl)-2-methyl-

propanamide.
Standard solution:  1 µg/mL of USP Bicalutamide RS in f N-[4-Cyano-3-(trifluoromethyl)phenyl]-3-(4-fluorophenylthio)-2-hydroxy-2-
Diluent methylpropanamide.

Sample solution:  1 mg/mL of Bicalutamide in Diluent
System suitability ■2S (USP34)

Sample:  System suitability solution
SPECIFIC TESTSSuitability requirements
• WATER DETERMINATION, Method I 〈921〉:  NMT 0.2%Resolution 1:  NLT 0.8 between bicalutamide related

compound A isomer A and bicalutamide related com- ADDITIONAL REQUIREMENTSpound A isomer B • PACKAGING AND STORAGE:  Preserve in tight containers, andResolution 2:  NLT 8.5 between bicalutamide related store at room temperature.compound A isomer B and bicalutamide
Analysis

Samples:  Standard solution and Sample solution Change to read:
Calculate the percentage of each impurity in the portion of
Bicalutamide taken:

• USP REFERENCE STANDARDS 〈11〉
Result = (rU/rS) × (CS/CU) × (1/F) × 100 USP Bicalutamide RS

USP Bicalutamide Related Compound B■A■2S (USP34) RS
rU = peak area of each impurity from the Sample solu- ■[N-[4-cyano-3-(trifluoromethyl)phenyl]-3-[(4-fluorophenyl-

tion )sulfinyl]-2-hydroxy-2-methylpropanamide]
rS = peak area of bicalutamide from the Standard so- (C18H14F4N2O3S  414.37)■2S (USP34)

lution
CS = concentration of bicalutamide in the Standard

solution (mg/mL)
CU = concentration of Bicalutamide in the Sample so-

lution (mg/mL)
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BRIEFING year; or 0°, 2 years), provided that the expiration date for
dried Serum is not later than 1 year after constitution.

• LABELING:  Label each to state the source of the product if
other than human and, if of human origin, to state that theBlood Grouping Serums,  USP 32 page 1695. The Biologics &
source material was not reactive for hepatitis B surface anti-Biotechnology Blood and Blood Products Expert Committee re-
gen, but that no known test method offers assurance thatviewed this human-derived, abbreviated monograph and recom-
products derived from human blood will not transmit hepati-mended that it be deleted due to lack of quality information.
tis. Label each also to state that it is for in vitro diagnostic
use.■2S (USP34)

(BB BBP: M. Kibbey.) RTS—C92440

BRIEFING

Delete the following: Blood Grouping Serums Anti-D, Anti-C, Anti-E, Anti-c,
Anti-e,  USP 32 page 1695. The Biologics & Biotechnology
Blood and Blood Products Expert Committee reviewed this

. human-derived, abbreviated monograph and recommended that
■Blood Grouping Serums it be deleted due to lack of quality information.

DEFINITION
[NOTE—This monograph deals with those Blood Grouping Serums (BB BBP: M. Kibbey.) RTS—C92440
for which there are no individual monographs and which are not
routinely used or required for the testing of blood or blood prod-
ucts for transfusion.]
Blood Grouping Serums conform to the regulations of the federal

Food and Drug Administration concerning biologics (21 CFR
Delete the following:660.20–660.29) (see Biologics 〈1041〉). Each is a sterile, liquid,

or dried preparation containing one or more of the particular
blood group antibodies derived from high-titered blood plasma

.or serum of human subjects, with or without stimulation by the
■Blood Grouping Serums Anti-D, Anti-C,injection of red cells or other substances, or of animals after

stimulation by substances that cause such antibody production. Anti-E, Anti-c, Anti-e
It causes, either directly or indirectly, by the antiglobulin test,

Anti-Rh Blood Grouping Serums.the visible agglutination of human red cells containing the par-
ticular antigen(s) for which it is specific. It contains a suitable DEFINITIONantimicrobial preservative. It meets the requirements of the test Blood Grouping Serums Anti-D, Anti-C, Anti-E, Anti-c, Anti-efor potency, (1) in the case of tube test reagents, when tested (Anti-Rh Group) conform to the regulations of the federal Foodby the specified method, of agglutinating red blood cells con- and Drug Administration concerning biologics (21 CFRtaining the specified antigens with the specified degree of reac- 660.20–660.29) (see Biologics 〈1041〉). They are sterile, liquid,tivity, as defined, as follows: NLT a 1+ reaction (i.e., agglutin- or dried preparations derived from the blood plasma or serumated cells dislodged into finely granular, but definite, small of human subjects who have developed specific Rh antibodies.clumps) with a 1:8 dilution of Serum for Anti-K, Anti-k, Anti-Jka, They are free from agglutinins for the A or B antigens and fromAnti-Fya, and Anti-Cw; NLT a 1+ reaction with a 1:4 dilution of alloantibodies other than those for which claims are made inSerum for Anti-S, Anti-s, Anti-P1, Anti-M, Anti-I, Anti-e (saline), the labeling. They contain a suitable antimicrobial preservative.Anti-c (saline), and Anti-A1; and NLT a 2+ reaction (i.e., agglu- Liquid serums are not artificially colored. Two varieties of Anti-tinated cells dislodged into many small clumps of equal size) Rh Blood Grouping Serums are recognized, i.e., (1) saline ag-with undiluted Serum for Anti-U, Anti-Kpa, Anti-Kpb, Anti-Jsa, glutinating “complete” antiserums, which specifically aggluti-Anti-Fyb, Anti-N, Anti-Lea, Anti-Leb, Anti-Dia, Anti-Mg, Anti-Jkb, nate human red blood cells suspended in saline TS, and (2)and Anti-Xga; and (2) in the case of reagents recommended for “blocking or incomplete” antiserums, which contain protein orslide test methods, of agglutinating red blood cells, with the other macromolecular substances, usually require the cells tospecified degree of reactivity, as defined, with both undiluted be suspended in serum or plasma, and generally are for slide orSerum and with a 1:2 dilution of Serum, when tested by the rapid tube tests. The most commonly used of these bloodmanufacturer’s recommended method(s) using cells heterozy- grouping serums are listed in Table 1, each reacting with thegous for the corresponding antigen(s). It meets the require- antigen(s) designated by the corresponding letter(s) with thements of the tests for specificity by the most sensitive method alternative nomenclature indicated parenthetically.recommended by the manufacturer, in which NLT 4 positive
and 4 negative phenotypes are included, and confirms the ab-

Table 1sence of contaminating antibodies reactive with Mg, Wra anti-
gens as well as other antigens having an incidence of 1% or

Serum Antigen(s) Reacting greater in the general population (see Blood Grouping Serums
Anti-D (Anti-Rho) D (Rho)Anti-D, Anti-C, Anti-E, Anti-c, Anti-e). It meets the requirements
Anti-C (Anti-rh′) C (rh′)of the tests for avidity with the manufacturer’s recommended

method, red blood cells heterozygous for the corresponding Anti-E (Anti-rh′′) E (rh′′)
antigen(s) being used. All fresh or frozen red blood cell suspen- Anti-CD (Anti-Rho′) D (Rho) and C (rh′)
sions used for these tests are prepared under specified condi- Anti-DE (Anti-Rho′′) D (Rho) and E (rh′′)
tions and meet specified criteria.

Anti-CDE (Anti-Rho′′′) D (Rho), C (rh′), and E (rh′′)
Anti-c (Anti-hr′) c (hr′)ADDITIONAL REQUIREMENTS

• PACKAGING AND STORAGE:  Preserve at a temperature between Anti-e (Anti-hr′′) e (hr′′)
2° and 8°.

Each Serum meets the requirements of the test for potency in the• EXPIRATION DATE:  The expiration date for liquid Serum is not
case of serums for saline tube test in parallel with, and NLTlater than 1 year and for dried Serum not later than 5 years
equivalent to, the U.S. Reference Blood Grouping Serum forafter date of issue from manufacturer’s cold storage (5°, 1
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Anti-D, Anti-C, or Anti-E, whichever is applicable, or, in the • EXPIRATION DATE:  The expiration date for liquid Serums is not
case of Anti-c and Anti-e for saline tube test which have no later than 1 year and for dried Serums not later than 5 years
reference preparations, the test for minimum agglutination re- after date of issue from manufacturer’s cold storage (5°, 1
activity at a specified dilution; and in the case of serums for year; or 0°, 2 years), provided that the expiration date for
slide or rapid tube test in parallel with, and NLT than equiv- dried Serums is not later than 1 year after constitution.
alent to, the U.S. Reference Blood Grouping Serum for Anti-D, • LABELING:  Label each to state that the source material was not
Anti-C, Anti-E, Anti-c, or Anti-e, whichever is applicable, in ag- reactive for hepatitis B surface antigen, but that no known test
glutinating as a minimum red blood cells from the donors indi- method offers assurance that products derived from human
cated in Table 2 (which may be from Group A, B, AB, or O). blood will not transmit hepatitis. Label each to state that it is

Each serum for slide or rapid tube test meets the requirements of for in vitro diagnostic use.■2S (USP34)

the tests for avidity with the cells as indicated under tests for
potency above.

BRIEFINGTable 2

Serum Phenotype of Cells 
Anti-A Blood Grouping Serum,  USP 32 page 1694. The Bio-Anti-D cDe
logics & Biotechnology Blood and Blood Products Expert Com-Anti-C Ccde
mittee reviewed this human-derived, abbreviated monographAnti-E cdEe
and recommended that it be deleted due to lack of quality

Anti-CD cDe, Ccde information.
Anti-DE cDe, cdEe
Anti-CDE cdEe, cDe, Ccde
Anti-c CcDEe (BB BBP: M. Kibbey.) RTS—C92440
Anti-e cdEe

Each serum meets the requirements of the tests for specificity by
the most sensitive method recommended by the manufacturer,
in which NLT 4 positive and 4 negative phenotypes are in-

Delete the following:cluded (see Table 3), and confirms the absence of contaminat-
ing antibodies reactive with Mg, Wra antigens as well as other
antigens having an incidence of 1% or greater in the general

.population, except where some of these confirmatory tests can-
■Anti-A Blood Grouping Serumnot be done by the manufacturer, in which event such omis-

sions are noted. Antigens having such population incidence in
DEFINITIONthe United States [other than low-incidence antigens, serum
Anti-A Blood Grouping Serum conforms to the regulations of theproteins (e.g., Gm, Km), leukocyte factors, drugs, chemicals, or

federal Food and Drug Administration concerning biologics (21polyagglutinable cells, which are not necessarily excluded] are
CFR 660.20–660.29) (see Biologics 〈1041〉). It is a sterile, liquid,the following: A, B, H, Lea, Leb, Lec, Led, I, K, k, Kpa, Kpb, Jsb, P1,
or dried preparation containing the particular blood group anti-D, C, E, c, e, Cw, M, N, S, s, U, Lua, Lub, Jka, Jkb, Fya, Fyb, Xga,
bodies derived from high-titered blood plasma or serum ofDoa, Dob, Yta, Ytb, Lan, Coa, Cob, Mg, Wra, and Sda.
human subjects, with or without stimulation by the injection of
Blood Group Specific Substance A (or AB). It agglutinatesTable 3
human red cells containing A-antigens, i.e., blood groups A
and AB (including subgroups A1, A2, A1B, and A2B but not nec-Serum Cells 
essarily weaker subgroups). It contains a suitable antimicrobialAnti-D CcDe, cDe, Ccde, cdEe, A1 cde, B cde, O cde,
preservative. It meets the requirements to the test for potency,and where recommended for use by indirect
in parallel with, and NLT equivalent to, the U.S. Referenceantiglobulin technique, cde Bg(a+) cells from
Blood Grouping Serum Anti-A, in agglutinating red blood cellsthree different donors
from Group A1 and Group A2B donors. It meets the require-Anti-C cDe, Ccde, cdEe, C + rhi neg. cells, A1 cde, B
ments of the tests for specificity with Group A1, A2B, B, and Ocde, O cde
cells and confirms the absence of contaminating antibodies re-

Anti-E cDe, Ccde, cdEe, A1 cde, B cde, O cde active with Mg, Wra antigens as well as other antigens having
Anti-CD cDe, Ccde, cdEe, A1 cde, B cde, O cde, and an incidence of 1% or greater in the general population (see

where recommended for detection of the G an- Biologics 〈1041〉, Blood Grouping Serums Anti-D, Anti-C, Anti-E,
tigen, rGr Anti-c, Anti-e). It meets the requirements of the tests for avidity

Anti-DE cDe, Ccde, cdEe, A1 cde, B cde, O cde with Group A1 and A2B cells. All fresh or frozen red blood cell
suspensions used for these tests are prepared under specifiedAnti-CDE cDe, Ccde, cdEe, A1 cde, B cde, O cde, and
conditions and meet specified criteria. Anti-A Blood Groupingwhere recommended for detection of the G an-
Serum may be artificially colored blue.tigen, rGr

Anti-c Ccde, A1 CDe, B CDe, O CDe, and CDEe or CDE ADDITIONAL REQUIREMENTSor CdE • PACKAGING AND STORAGE:  Preserve at a temperature between
Anti-e cdEe, A1 cDE, B cDE, O cDE, and CcDE or CDE 2° and 8°.

or CdE • EXPIRATION DATE:  The expiration date for liquid Serum is not
later than 1 year, and for dried Serum not later than 5 yearsAll fresh or frozen red blood cell suspensions used for these tests after date of issue from manufacturer’s cold storage (5°, 1are prepared under specified conditions and meet specified year; or 0°, 2 years), provided that the expiration date forcriteria. dried Serum is not later than 1 year after constitution.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve at a temperature between

2° and 8°.
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• LABELING:  Label it to state that the source material was not BRIEFING
reactive for hepatitis B surface antigen, but that no known test
method offers assurance that products derived from human
blood will not transmit hepatitis. Label it also to state that it is Whole Blood,  USP 32 page 1697. The Biologics & Biotechnol-for in vitro diagnostic use. [NOTE—The labeling is in black let- ogy Blood and Blood Products Expert Committee reviewed thistering imprinted on paper that is white or is colored com- human-derived, abbreviated monograph and recommended thatpletely or in part to match the specified blue color it be deleted due to lack of quality information.standard.]■2S (USP34)

(BB BBP: M. Kibbey.) RTS—C92440
BRIEFING

Anti-B Blood Grouping Serum,  USP 32 page 1694. The Bio-
logics & Biotechnology Blood and Blood Products Expert Com- Delete the following:
mittee reviewed this human-derived, abbreviated monograph
and recommended that it be deleted due to lack of quality
information. .

■Whole Blood
ACD Whole Blood;(BB BBP: M. Kibbey.) RTS—C92440 CPD Whole Blood;
CPDA-1 Whole Blood;
Heparin Whole Blood.

DEFINITION
Whole Blood conforms to the regulations of the federal Food andDelete the following:

Drug Administration concerning biologics (21 CFR
640.1–640.6) (see Biologics 〈1041〉). It is blood that has been

. collected from suitable human donors under rigid aseptic pre-
cautions, for transfusion to human recipients or for further■Anti-B Blood Grouping Serum
processing into one or more of its components for transfusion.
It contains a citrate-based anticoagulant. Whole Blood must beDEFINITION
tested for syphilis, hepatitis B virus, Human T-Cell Lympho-Anti-B Blood Grouping Serum conforms to the regulations of the
tropic Virus (HTLV) type I and type II, and tested for bloodfederal Food and Drug Administration concerning biologics (21
group and Rh factors and unexpected antibodies to red cellCFR 660.20–660.29) (see Biologics 〈1041〉). It is a sterile, liquid,
antigens using FDA-licensed commercially available test kits, theor dried preparation containing the particular blood group anti-
results of which must be below the approved upper limit ofbodies derived from high-titered blood plasma or serum of
detection specified in the respective test kits. In addition,human subjects, with or without stimulation by the injection of
Whole Blood must also be tested for hepatitis C and HIV usingBlood Group Specific Substance B (or AB). It agglutinates
FDA-approved nucleic acid assays, the results of which must behuman red cells containing B-antigens, i.e., blood groups B and
below the approved upper limit of detection for the method. AAB (including subgroups A1B and A2B). It contains a suitable
unit (dose) of Whole Blood contains a minimum of 50 g (basedantimicrobial preservative. It meets the requirements of the test
on a minimum donor hematocrit of 38%) of hemoglobin in afor potency, in parallel with, and NLT equivalent to, the U.S.
total volume of 450 mL ± 10% or 500 mL ± 10% as indicatedReference Blood Grouping Serum Anti-B, in agglutinating red
on the label. Whole Blood may be further processed. Whenblood cells from Group B donors. It meets the requirements of
filtered for removal of leukocytes, the quantity of residual leu-the tests for specificity with Group A1, B, and O cells and con-
kocytes in the unit of Whole Blood must be less than 5 × 106.firms the absence of contaminating antibodies reactive with

Mg, Wra antigens as well as other antigens having an incidence IDENTIFICATIONof 1% or greater in the general population (see under Blood • A. ABO BLOOD GROUPGrouping Serums Anti-D, Anti-C, Anti-E, Anti-c, Anti-e). It meets Anti-A reagent:  Use approved commercially availablethe requirements of the test for avidity with Group B cells. All monoclonal or polyclonal anti-A blood grouping reagent, twofresh or frozen red blood cell suspensions used for these tests different lots from the same or different manufacturers. Use inare prepared under specified conditions and meet specified cri- accordance with manufacturer‘s instructions.teria. Anti-B Blood Grouping Serum may be artificially colored Anti-B reagent:  Use approved commercially availableyellow. monoclonal or polyclonal anti-B blood grouping reagent, two
different lots from the same or different manufacturers. Use inADDITIONAL REQUIREMENTS
accordance with manufacturer‘s instructions.• PACKAGING AND STORAGE:  Preserve at a temperature between

Anti-AB reagent:  Use approved commercially available anti-2° and 8°.
AB blood grouping reagent. Use in accordance with manufac-• EXPIRATION DATE:  The expiration date for liquid Serum is not
turer‘s instructions.later than 1 year and for dried Serum not later than 5 years

Control preparations:  On the day of use, dilute Blood Groupafter date of issue from manufacturer’s cold storage (5°, 1
A1 (Control preparation A1) and Blood Group B (Control prepa-year; or 0°, 2 years), provided that the expiration date for
ration B) red blood cells, obtained from an approved commer-dried Serum is not later than 1 year after constitution.
cial source or prepared by the testing laboratory, with 0.9%• LABELING:  Label it to state that the source material was not
saline to suspensions of approximately the same concentrationreactive for hepatitis B surface antigen, but that no known test
between 2% and 5% (v/v). [NOTE—If the Blood Group A1 andmethod offers assurance that products derived from human
Blood Group B red blood cells are prepared in the testingblood will not transmit hepatitis. Label it also to state that it is
laboratory from whole blood of a known blood group, it mustfor in vitro diagnostic use. [NOTE—The labeling is in black let-
be prepared on the day of use following the procedure for thetering imprinted on paper that is white or is colored com-
Sample preparation.]pletely or in part to match the specified yellow color

Sample preparation:  Centrifuge at 4° a suitable volume ofstandard.]■2S (USP34)
Whole Blood at 5000 g for 5 min. Remove the plasma from
the top, taking care not to disturb the pellet of red blood cells
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at the bottom. Add 0.9% saline to obtain a final volume that Test 2
is equal to the volume of Whole Blood. Resuspend the pellet, Anti-D reagent:  Use anti-D blood grouping reagent ap-
and centrifuge as above. Repeat the procedure once more. proved for use for a weak D blood group test.
Dilute the red blood cells with 0.9% saline to a suspension to Antihuman globulin reagent:  Use polyspecific or anti-IgG
obtain a concentration of red blood cells that is the same as antihuman globulin reagent. Dilute, if necessary, following
those of the Control preparations. the manufacturer‘s instructions.

Analysis Control preparation:  Use IgG-coated red cells approved for
Samples:  Control preparations and Sample preparation use as a control for Rh typing. Dilute with 0.9% saline to
On a suitable U-bottomed microtiter plate, place 1 drop of obtain a 2% solution.
0.9% saline in each of three different wells in a row (Blank Sample preparation:  Prepare as directed for Test 1.
row). Place 1 drop from one of the lots of Anti-A reagent in Analysis:  Place 1 drop of 0.9% saline into a suitable test tube
each of three different wells in a second row. Place 1 drop and 1 drop of Anti-D reagent in another, and mark them as
from the second lot of Anti-A reagent in each of three differ- the Blank and Anti-D, respectively. To each tube add 1 drop
ent wells in a third row. Repeat the same with two different of the Sample preparation, mix, and incubate at 37° for
lots of Anti-B reagent and one lot of Anti-AB reagent in sepa- 15–30 min. Centrifuge the tubes at 1000 g for 15–30 s. Gen-
rate rows. To each row add 1 drop of Control preparation A1, tly resuspend the cell buttons, and examine them for hemag-
Control preparation B, and the Sample preparation in the first, glutination (formation of clump) by visual examination. The
second, and the third well, respectively, of each row. Mix Rh typing of Red Blood Cells is positive or negative according
the contents of the wells by gently tapping the sides of the to whether the cells in Anti-D tube are agglutinated or not. If
plate. Centrifuge the plate at the appropriate conditions es- the cells are not agglutinated, add 1 mL of 0.9% saline to
tablished for the centrifuge. Resuspend the cell buttons by the Anti-D tube, and resuspend the cells. Centrifuge the tube
manually tapping the plate, or with the aid of a suitable at 1000 g for 1 min, and remove the saline completely. Re-
mechanical shaker. Read the optical densities at different peat the step two to three times more to wash the Red
wells using a suitable automated photometric microtiter Blood Cells. Add 1 drop of 0.9% saline and 1–2 drops of
plate reader. Compare the optical density of each well in Antihuman globulin reagent to the Anti-D tube. Mix gently,
the Blank row with the optical density of the wells to which and centrifuge the tube at 1000 g for 15–30 s. Gently resus-
the corresponding Control preparation A1, Control preparation pend the cell button, add 1 drop of Control preparation, mix
B, or Sample preparation were added. [NOTE—A high optical gently, centrifuge as above, and examine for agglutination.
density comparable to those obtained for the wells in the The Rh Type of the Sample preparation conforms to the Rh
Blank row indicates negative results (no hemagglutination), Type indicated on the label. The test is not valid if the cells
which can be corroborated by visual observation of smooth in the Anti-D tube are not agglutinated after addition of the
suspensions. A low optical density indicates positive results Control preparation. Also, for the test to be valid, the cells in
(hemagglutination), which can be corroborated by visual the Blank tube must not be agglutinated.
observation of formation of clumps.] The blood group of

SPECIFIC TESTSRed Blood Cells is A, B, AB, or O, accordingly, as the Sample
• VISUAL INSPECTION:  Inspect visually during storage and immedi-preparation is hemagglutinated by Anti-A reagent, Anti-B rea-

ately prior to use. If the color or physical appearance is abnor-gent, both reagents, or neither, respectively. The blood
mal or there is any indication or suspicion of microbial con-group of the Sample preparation conforms to the blood
tamination, the unit is unsuitable for transfusion.group indicated on the label. The test is not valid if Control

• HEMOGLOBIN CONTENTpreparations for Blood Group A and Blood Group B red
Drabkin‘s solution:  Dissolve Drabkin‘s reagent in a suitableblood cells are not agglutinated by Anti-A reagent and Anti-B
volume of water, and add a suitable volume of a 30% (w/v)reagent, respectively, or if both Control preparations are not
polyoxyethylene (23) lauryl ether solution such that the finalagglutinated by Anti-AB reagent. The test is also not valid if
concentrations of potassium cyanide, potassium ferrocyanide,the Sample preparation is not agglutinated by Anti-AB rea-
and polyoxyethylene (23) lauryl ether in the solution are ap-gent but is agglutinated by either Anti-A reagent or Anti-B
proximately 0.75 mM, 0.6 mM, and 0.015%, respectively.reagent, or is agglutinated by Anti-AB reagent but not by
Store the solution in the dark between 18° and 26°. either Anti-A reagent or Anti-B reagent.
[CAUTION—Drabkin‘s reagent and Drabkin‘s solution contain• B. RH TYPE
cyanide and are HIGHLY TOXIC. Do not inhale or swallowTest 1
or allow contact with skin or eyes. Wear suitable protectiveAnti-D (Rho) reagent:  Use anti-D (Rho) blood grouping rea-
clothing, gloves, and eye and face protection. Do not mixgent approved for use in microtiter plate tests. Dilute, if nec-
with acids. Contact with acids liberates a very toxic gas. Ifessary, following the manufacturer‘s instructions.
ingested, perform gastric lavage, and immediately call aSample preparation:  On the day of use, dilute Red Blood
physician.]Cells with 0.9% saline to a suspension of about the same

Blank solution:  Waterconcentration as the Control preparations.
Standard solution A:  300 mg of USP Hemoglobin RS in a 2-Analysis:  On a suitable U-bottom microtiter plate, place 1
mL volumetric tube. Add 1 mL of water, and dissolve in anddrop each of 0.9% saline and Anti-D (Rho) reagent in two
dilute with water to volume, and mix.separate wells. Label them as the B well (Blank) and the T

Standard solution B:  Mix 50 µL of Standard solution A withwell, respectively. Add 1 drop of Sample preparation to each
25 µL of water.well, and mix by gently tapping the side of the plate. Centri-

Standard solution C:  Mix 50 µL of Standard solution A withfuge the plate at appropriate conditions established for the
100 µL of water.centrifuge. Resuspend the cell buttons by manually tapping

Sample solution:  20 µL of Whole Blood (without dilution)the plate, or with the aid of a suitable mechanical shaker.
Analysis:  Label suitable tubes as B1, B2, SA1, SA2, SB1, SB2,Read the optical densities of the wells using a suitable auto-
SC1, SC2, T1, and T2. Add 5.0 mL of Drabkin‘s solution tomated photometric microtiter plate reader, and determine if
each tube. Add 20 µL of water to each of B1 and B2, 20 µL ofthe Red Blood Cells in the T well are agglutinated as de-
Standard solution A to each of SA1 and SA2, 20 µL of Standardscribed under Identification test A. If the T well indicates neg-
solution B to each of SB1 and SB2, 20 µL of Standard solutionative results (no hemagglutination), incubate the plate at 37°
C to each of SC1 and SC2, and 20 µL of Sample solution tofor 15 min, centrifuge, resuspend the cells, and read the op-
each of T1 and T2, rinsing the pipet tip three to four timestical densities of the wells as above. Agglutination of cells
with Drabkin‘s solution, and mix. Allow to stand for at least 15after immediate-spin or after 37° incubation indicates Rh pos-
min at room temperature. [NOTE—Red Blood cells with appre-itive typing of Red Blood Cells. The test is valid if cells in the
ciable carboxyhemoglobin content, such as those obtainedB well are not agglutinated. If the cells are not agglutinated
from smokers, may require longer reaction time. If the donorin the T well, proceed as directed in Test 2.
characteristics are not known, the incubation time should be
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optimized prior to testing.]Read the absorbances of the solu- unteer or paid). Label also with the following statements: “See
tions against the solution in tube B1 at 540 nm. The absorb- Circular of Information for indications, contraindications, cau-
ance of the solution in tube B2 is recorded at the end. The tions, and methods of infusion.”; “Properly identify recipient”;
test is not valid if the absorbance of the solution in tube B2 is and [CAUTION—Rx only.] Label to indicate the ABO group and
not within ± 0.005. Rh type, as indicated in Table 1. [NOTE—Each Whole Blood

Calculations:  Calculate the concentrations, in mg/mL, of he- product must have a determination made as to its ABO group
moglobin in Standard solutions A, B, and C. Plot a calibration and Rh type and specificity of unexpected red cell antibodies,
curve of absorbance values against the hemoglobin concentra- if any.]
tion by drawing a best-fit straight line using the least-square
linear regression analysis. From the absorbance value of the Table 1
Sample solution, obtain the concentration, in mg/mL, of he-
moglobin in the Sample solution. ABO Group Rh Type 
Calculate the total hemoglobin content in the Red Blood Cells A Positive
unit, in g: A Negative

B PositiveResult = Conc. of hemoglobin (mg/mL) × the volume of the
B NegativeRed Blood Cells unit (mL)/103

AB Positive
• LEUKOCYTE COUNT (for units labeled as Whole Blood, Leukocytes AB Negative

Reduced) O Positive
Sample solution:  Pipet 40 µL of a suitable red cell-lysing

O Negativeagent into a clean test tube, and add 100 µL of Whole Blood
diluted with 0.9% saline, if necessary, such that the hemato- If an ABO blood group color scheme is used, use the follow-
crit of Red Blood Cells is NMT 60%. ing labeling color: Group A (yellow), Group B (pink), Group

Analysis:  Mix by pipetting up and down several times. Add O (blue), and Group AB (white). Label Whole Blood with the
360 µL of 0.01% (w/v) crystal violet in 15% acetic acid into type and results of tests for adventitious agents. If it has been
the mixture, and mix thoroughly. Fit a hemocytometer with a issued prior to determination of the test results, label also
50-µL counting volume and a bright background, with a with the warning “Donor Untested” and to further specify
cover slip, and load the counting chamber with the mixture “Uncrossmatched Blood,” when appropriate. If the unit of
until the counting area is completely covered, but not overfull. Whole Blood was filtered to reduce leukocytes, label as
Cover the counting chamber with a suitable moist lid to pre- “Whole Blood, Leukocytes Reduced”.
vent evaporation, and allow to settle undisturbed for 10–15 • USP REFERENCE STANDARDS 〈11〉
min. Remove the lid, place the chamber on the stage of a USP Hemoglobin RS■2S (USP34)light microscope fitted with 10× ocular lens and 20× objec-
tive. Count the leukocytes in the entire 50-µL counting vol-
ume. Calculate the leukocyte count in Whole Blood, expressed
in leukocytes/µL, by dividing the observed leukocyte count by BRIEFING
10.
Calculate the total number of leukocytes in the Whole Blood
unit: Botulism Antitoxin,  USP 32 page 1701. See Briefing under

Antivenin (Crotalidae) Polyvalent monograph.Total leukocytes = leukocytes/µL × 103 × volume of Whole
Blood unit (mL)

(BB VV: M. Kibbey.) RTS—C90313
ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Collect into an approved container

(see Transfusion and Infusion Assemblies and Similar Medical De-
vices 〈161〉) containing a sterile, pyrogen-free approved antico-
agulant (see USP monographs Anticoagulant Citrate Dextrose

Delete the following:Solution, Anticoagulant Citrate Phosphate Dextrose Solution, or
Anticoagulant Citrate Phosphate Dextrose Adenine Solution).
Store Whole Blood in the original container, or transfer to an

.equivalent one using a technique that does not compromise
■Botulism Antitoxinsterility. Whole Blood is stored at a temperature between 1°

and 6° unless platelets are to be prepared, in which case the
DEFINITIONblood is stored for no longer than 8 h following collection at
Botulism Antitoxin conforms to the regulations of the federalroom temperature. (See General Notices and Requirements.)

Food and Drug Administration concerning biologics (see Bio-• EXPIRATION DATE:  Whole Blood collected in Anticoagulant Cit-
logics 〈1041〉). It is a sterile, nonpyrogenic solution of the re-rate Dextrose Solution, Anticoagulant Citrate Phosphate Dextrose
fined and concentrated antitoxic antibodies, chiefly globulins,Solution, or in Anticoagulant Citrate Phosphate Dextrose–Dext-
obtained from the blood of healthy horses that have been im-rose Solution may be stored for up to 21 days at 1°–6° after
munized against the toxins produced by the type A and type Bthe blood has been drawn. Whole Blood collected in Anticoag-
and/or type E strains of Clostridium botulinum. Its potency isulant Citrate Phosphate Dextrose Adenine Solution may be
determined with the U.S. Standard Botulism Antitoxin of thestored for up to 35 days at 1°–6°. If the hermetic seal of the
relevant type, tested by neutralizing activity in mice of the cor-container is broken during collection, preparation, or further
responding U.S. Control Botulism Test Toxin. It contains NMTprocessing, the expiration date is not later than 24 h after the
20.0% of solids, and contains a suitable antimicrobial agent.seal is broken (when blood is stored at 1°–6°), but not to

exceed the original expiration date of the unit.
ADDITIONAL REQUIREMENTS• LABELING:  Label the container to indicate the volume of the
• PACKAGING AND STORAGE:  Preserve in single-dose containersWhole Blood collected from the donor, the collection date, the

only, at a temperature between 2° and 8°.donation number or other coding means to uniquely identify
• EXPIRATION DATE:  The expiration date for Antitoxin containingthe unit and to provide traceability to the donor, the storage

a 20% excess of potency is not later than 5 years after date oftemperature, and the expiration date (see below). Label to in-
issue from manufacturer’s cold storage (5°, 1 year; or 0°, 2dicate the type of anticoagulant or other preservative solution
years).used to collect it. Label also to identify donor status (i.e., vol-
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• LABELING:  Label it to state that it was prepared from horse tion (see Titrimetry 〈541〉). Each mL of 0.1 N methanolic
blood.■2S (USP36) potassium hydroxide is equivalent to 9.61 mg of CH3SO3H.

Acceptance criteria:  NLT 12.5% and NMT 13.4% of
CH3SO3H, on the dried basis

• PROCEDURE 2
BRIEFING Solution A:  0.1 N citric acid solution. Adjust with hydrochlo-

ric acid to a pH of 2.0.
Diluent:  Methanol and Solution A (1:1)
Solution B:  Acetonitrile and 0.01 M phosphate buffer, pHBromocriptine Mesylate,  USP 32 page 1707. On the basis of
7.0 (43:57)comments received, bromocriptinine cannot be identified be-
 ■Acetonitrile and 0.01 M phosphate buffer, pH 7.0cause a relative retention time is not provided. It is proposed to
(2:3)■2S (USP34)add the relative retention time of bromocriptinine in the test for

Solution C:  Acetonitrile and 0.01 M phosphate buffer, pHOrganic Impurities, Procedure 2. Additionally, it is proposed to
7.0 (3:2)change the acetonitrile and 0.01 M phosphate buffer ratio of

Mobile phase:  See the gradient table below.Solution B to match that currently used by the monograph spon-
sor. The retention time is about 17.5 min for bromocriptine and
29.7 min for bromocriptinine using a Hypersil ODS brand of L1 Time Solution B Solution C
column. (min) (%) (%)

0 100 0
18 100 0

(MD-PS: D. Vicchio.) RTS—C88133 30 0 100
40 0 100
41 100 0

. System suitability solution:  2.0 mg/mL each of α-ergocryp-Bromocriptine Mesylate tine and Bromocriptine Mesylate in Diluent
Standard stock solution:  46 µg/mL of USP Bromocriptine
Mesylate RS in methanol and Solution A (1:1). [NOTE—Dis-
solve in 50% of the flask volume of methanol and dilute with
Solution A to volume.]

Standard solution:  4.6 µg/mL of USP Bromocriptine Mesyl-
ate RS in Diluent, from the Standard stock solution

Sample solution:  4.6 mg/mL of Bromocriptine Mesylate in
methanol and Solution A (1:1). [NOTE—Dissolve in 50% of the

 flask volume of methanol and dilute with Solution A to
volume.]

Chromatographic systemC32H40BrN5O5 · CH4SO3 750.70
(See Chromatography 〈621〉, System Suitability.)Ergotaman-3′,6′,18-trione, 2-bromo-12′-hydroxy-2′-(1-
Mode:  LCmethylethyl)-5′-(2-methylpropyl)-, monomethanesulfonate
Detector:  UV 300 nm(salt), (5′α)-;
Column:  4.6-mm × 15-cm; 3-µm packing L12-Bromoergocryptine monomethanesulfonate (salt) [22260-51-1].
Flow rate:  2 mL/min

DEFINITION Injection size:  20 µL
Bromocriptine Mesylate contains NLT 98.0% and NMT 102.0% of System suitability

C32H40BrN5O5 · CH4SO3, calculated on the dried basis. Samples:  System suitability solution and Standard solution
[NOTE—The relative retention times for α-ergocryptine and

IDENTIFICATION bromocriptine mesylate are 0.46 and 1.0, respectively.]
• A. INFRARED ABSORPTION 〈197M〉:  Undried Suitability requirements
• B. ULTRAVIOLET ABSORPTION 〈197U〉 Resolution:  NLT 15 between α-ergocryptine and

Solution:  50 µg/mL in 0.1 M methanolic methanesulfonic acid bromocriptine mesylate, System suitability solution
Tailing factor:  NMT 1.5, System suitability solutionASSAY Relative standard deviation:  NMT 10.0%, Standard• PROCEDURE solutionSample solution:  600 mg of Bromocriptine Mesylate AnalysisAnalysis:  Dissolve with 80 mL of a mixture of acetic anhydride Samples:  Standard solution and Sample solutionand glacial acetic acid (7:1). Titrate with 0.1 N perchloric acid
■[NOTE—The relative retention times for bromocriptine andVS. Perform a blank determination, and make any necessary bromocriptine are 1.0 and 1.7, respectively.]■2S (USP34)correction (see Titrimetry 〈541〉). Each mL of 0.1 N perchloric Calculate the percentage of each impurity in the portion ofacid is equivalent to 75.07 mg of C32H40BrN5O5 · CH4SO3. Bromocriptine Mesylate taken:Acceptance criteria:  98.0%–102.0% on the dried basis

Result = (rU/rS) × (CS/CU) × (1/F) × 100IMPURITIES
Inorganic Impurities rU = peak response of each impurity from the Sample• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% solution• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm rS = peak response of bromocriptine from the Stan-

dard solution
Change to read: CS = concentration of USP Bromocriptine Mesylate RS

in the Standard solution (mg/mL)
CU = concentration of Bromocriptine Mesylate in the

Organic Impurities Sample solution (mg/mL)
• PROCEDURE 1: LIMIT OF METHANESULFONIC ACID CONTENT F = relative response factor equal to 1.4 for any

Sample solution:  400 mg of Bromocriptine Mesylate peak eluting at a relative retention time of
Analysis:  Dissolve with 70 mL of methanol. Titrate under ni- about 0.9 or less, and equal to 1.0 for all oth-
trogen with 0.1 N methanolic potassium hydroxide VS. Per- er peaks
form a blank determination, and make any necessary correc-

2010 The United States Pharmacopeial Convention All Rights Reserved.

In-Process Revision



Pharmacopeial Forum
1174 IN-PROCESS REVISION Vol. 36(5) [Sept.–Oct. 2010]

Acceptance criteria
.Individual impurities:  NMT 0.4% of bromocriptine is

found; NMT 0.1% of any individual impurity is found. Calcitonin Salmon
Total impurities:  NMT 1.0%

 SPECIFIC TESTS
• COLOR OF SOLUTION 〈631〉

C145H240N44O48S2 3432 daltonsMatching solutions:  Prepare three solutions, A, B, and C,
 [47931-85-1].containing, respectively, the following parts of cobaltous chlo-

ride CS, ferric chloride CS, cupric sulfate CS, and dilute hydro- DEFINITIONchloric acid (1 in 40):
A:  3.0:3.0:2.4:31.6
B:  1.0:2.4:0.4:36.2 Change to read:
C:  0.6:2.4:0:37.0
Sample solution:  10 mg/mL of Bromocriptine Mesylate in

Calcitonin Salmon is a polypeptide that has the same sequence asmethanol
that of the hormone that regulates calcium metabolism and isAnalysis:  Compare the Sample solution with 10-mL portions of
secreted by the ultimobranchial gland of salmon. It is producedthe Matching solutions in suitable matched tubes.
from either synthetic processes or microbial processes using re-Acceptance criteria:  The solution is clear and not darker in
combinant DNA (rDNA) technology. The host cell-derived pro-color than Matching solutions A, B, and C.
tein content and the host cell- or vector-derived DNA content• OPTICAL ROTATION, Specific Rotation 〈781S〉:  +95° to +105°
of Calcitonin Salmon produced from an rDNA process are de-Sample solution:  10 mg/mL, in a mixture of methylene chlo-
termined by validated methods. It contains NLT 90.0% andride and methanol (1:1)
NMT 105.0% of calcitonin salmon, calculated on an acetic• LOSS ON DRYING
acid-free and dried■anhydrous■2S (USP34) basis. [NOTE—1 mg of(See Thermal Analysis 〈891〉.)
acetic acid-free, anhydrous Calcitonin Salmon is equivalent toDetermine the percentage of volatile substances by
6000 USP Calcitonin Salmon Units. ■1 USP Calcitonin Salmonthermogravimetric analysis using 10 mg of Bromocriptine
Unit = 1 Calcitonin IU.■2S (USP34)]Mesylate. Heat the specimen under test at the rate of 10°/

min in an atmosphere of nitrogen at a flow rate of 45 mL/ IDENTIFICATIONmin. Record the thermogram from ambient temperature to • The retention time of the major peak of the Sample solution160°. corresponds to that of the Standard solution, obtained as di-Acceptance criteria:  It loses NMT 4.0% of its weight. rected in the Assay.
ADDITIONAL REQUIREMENTS ASSAY• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con- • PROCEDUREtainers, in a cold place. Solution A:  Dissolve 3.26 g of tetramethylammonium hydrox-• USP REFERENCE STANDARDS 〈11〉 ide pentahydrate in 900 mL of water, add 100 mL of acetoni-USP Bromocriptine Mesylate RS trile, and mix. Adjust with phosphoric acid to a pH of 2.5.

Solution B:  Dissolve 1.45 g of tetramethylammonium hydrox-
ide pentahydrate in 400 mL of water, add 600 mL of acetoni-
trile, and mix. Adjust with phosphoric acid to a pH of 2.5.BRIEFING

Mobile phase:  See the gradient table below.

Time Solution A Solution BCalcitonin Salmon,  USP 32 page 1747. On the basis of com-
(min) (%) (%) ments received, it is proposed to make the following revisions to

0 72 28the Calcitonin Salmon monograph:
1.  Under Definition, “dried” is replaced with “anhydrous” for 30 48 52

consistency with the rest of the document; and the follow- 32 72 28
ing text is added to the Note: “1 USP Calcitonin Salmon 55 72 28Unit = 1 Calcitonin IU.”

2.  Under Organic Impurities, the requirement “Any other impu- Standard solution:  1.0 mg/mL of USP Calcitonin Salmon RS
rity” is deleted from Impurity Table 1 to comply with the in Solution A
approved product. (This requirement is not applicable to System suitability solution:  Dissolve the contents of a vial of
this biological drug substance, and is a misplacement of USP Calcitonin Salmon Related Compound A RS in 0.4 mL of
the discard limit (0.1%) as it appears in Test 1 in the test Solution A, add 0.1 mL of the Standard solution, and mix.
for Procedure: Related Peptides and Other Related Sample solution:  1.0 mg/mL of Calcitonin Salmon in Solution
Substances.) A

3.  Missing text for the Acceptance criteria is added to the test Chromatographic system
for Bioidentity. (See Chromatography 〈621〉, System Suitability.)

4.  In the test for Microbial Enumeration Tests 〈61〉 and Tests for Mode:  LC
Specified Microorganisms 〈62〉, the Sample amount is revised Detector:  UV 220 nm
to 25 mg and a clarification is added to the Acceptance Column:  4.6-mm × 25-cm; packing L1
criteria to comply with an approved product. Column temperature:  65°

Flow rate:  1 mL/min
Injection size:  20 µL

System suitability(BIO1: T. Sigambris.) RTS—46036
Sample:  System suitability solution
[NOTE—The relative retention times for calcitonin salmon and
calcitonin salmon related compound A are 1.0 and 1.15,
respectively.]

Suitability requirements
Resolution:  NLT 3 between calcitonin salmon and
calcitonin salmon related compound A

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1175

Tailing factor:  NMT 2.5 for calcitonin salmon Mobile phase:  See the gradient table below.
Relative standard deviation:  NMT 3%

Analysis Time Solution A Solution B
Samples:  Standard solution and Sample solution (min) (%) (%) 
Calculate the percentage of C145H240N44O48S2 in the portion

0 100 0of Calcitonin Salmon taken:
10 0 100
15 0 100Result = (rU/rS) × (CS/CU) × 100

15.1 100 0
rU = peak response of Calcitonin Salmon from the 22.1 100 0

Sample solution
rS = peak response of calcitonin salmon from the System suitability solution:  Prepare a solution containing

Standard solution 1 mg/mL of USP Calcitonin Salmon RS. Combine equal
CS = concentration of USP Calcitonin Salmon RS in volumes of this solution with a solution of USP Calcitonin

the Standard solution (corrected for water and Salmon Related Compound B RS containing about 1 mg/
acetic acid content) (mg/mL) mL. To 1.0 mL of this mixture add 100 µL of Buffer C.

CU = concentration of the Sample solution (corrected Sample solution:  0.5 mg/mL of Calcitonin Salmon. To 1
for water and acetic acid content) (mg/mL) mL of this solution add 100 mL of Buffer C.

Acceptance criteria:  90.0%–105.0% on an acetic acid-free Chromatographic system
and anhydrous basis (See Chromatography 〈621〉, System Suitability.)

Mode:  LCOTHER COMPONENTS Detector:  UV 220 nm• ACETIC ACID CONTENT 〈503〉 Column:  4.6-mm × 20-cm; packing L9Sample solution:  1 mg/mL of Calcitonin Salmon in Diluent Flow rate:  1.2 mL/minprepared as directed in the chapter. Injection size:  50 µLAcceptance criteria:  4%–15% System suitability
Sample:  System suitability solutionIMPURITIES
[NOTE—The relative retention times for [1,7-bis(3-sulfo-L-Inorganic Impurities
alanine)]calcitonin salmon-glycine, [1,7-bis(3-sulfo-L-• HEAVY METALS, Method II 〈231〉:  NMT 50 ppm
alanine)]calcitonin salmon, and calcitonin salmon related
compound B (calcitonin salmon-glycine) are 0.4, 0.6,

Change to read: and 0.9, respectively; and the retention time for
calcitonin salmon is about 9 min.]

Suitability requirements
Organic Impurities Resolution:  NLT 3.0 between calcitonin salmon and
• PROCEDURE: RELATED PEPTIDES AND OTHER RELATED SUBSTANCES calcitonin salmon related compound B

Test 1 Analysis
[NOTE—This test is performed on material produced by both Sample:  Sample solution
chemical synthesis processes and rDNA processes.] Calculate the percentage of each impurity in the portion of

Solution A, Solution B, Mobile phase, System suitability Calcitonin Salmon taken:
solution, Sample solution, Chromatographic system,
and System suitability:  Proceed as directed in the Assay. Result = (rU/rT) × 100

Analysis
Sample:  Sample solution rU = peak response for each impurity
Calculate the percentage of each impurity in the portion of rT = sum of the responses of all the peaks
Calcitonin Salmon taken: Acceptance criteria

Individual impurities:  See Impurity Table 1.
Result = (rU/rT) × 100

Impurity Table 1rU = peak area response of each impurity from the
Sample solution Relative Acceptance

rT = sum of the area responses of all the peaks from Retention Criteria
the Sample solution Name Time NMT (%) 

Acceptance criteria Calcitonin salmon related
Individual impurities:  NMT 3.0% of the total area of all compound B 0.9 0.6
peaks [1,7 Bis(3-sulfo-L-alanine)]Total impurities:  NMT 5.0% of the sum of the areas of calcitonin salmon-glycine 0.4 0.2all the peaks including the principal peak

[1,7 Bis(3-sulfo-L-alanine)][NOTE—Disregard any peaks due to the solvent and any
calcitonin salmon 0.6 0.2peaks whose area is less than 0.1% of the principal

Any other impurity — 0.1■
■2S (USP34)peak.]

Test 2
[NOTE—This test needs to be performed only on material SPECIFIC TESTS
produced using rDNA technology.] • AMINO ACID PROFILE

Buffer A:  Dissolve 2.72 g of monobasic potassium phos- (See Biotechnology-Derived Articles—Amino Acid Analysis
phate in 1000 mL of water. 〈1052〉.)

Buffer B:  Dissolve 2.72 g of monobasic potassium phos- [NOTE—This test needs to be performed only on material of
phate and 29.2 g of sodium chloride in 1000 mL of water. synthetic origin. The concentration of amino acids in the In-

Buffer C (pH 3.0 citrate buffer):  Dissolve 4.8 g of citric ternal standard solution, the Standard stock solution, and the
acid in 80 mL of water. Adjust with 1 M sodium hydroxide Standard solution and the amount of material used to prepare
to a pH of 3.0, and dilute with water to 100.0 mL. the Sample solution can be adjusted depending on the

Solution A:  Acetonitrile and Buffer A (15:85). Adjust with method used for amino acid analysis. The concentrations
45% (w/w) potassium hydroxide to a pH of 5.0. given are based on analysis using Method 1.]

Solution B:  Acetonitrile and Buffer B (15:85). Adjust with Internal standard solution:  1 mM solution of γ-aminobutyric
45% (w/w) potassium hydroxide to a pH of 4.6. acid
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Standard stock solution:  Prepare a mixture containing equi- Trypsin solution:  Freshly prepare a solution containing 0.1
molar amounts of ammonia and the L form of lysine, histidine, mg/mL of trypsin (previously treated with L-1-tosylamido-2-
arginine, aspartic acid, threonine, serine, proline, valine, phenylethyl chloromethyl ketone (TPCK) to remove chymo-
glutamic acid, glycine, leucine, and tyrosine, together with trypsin activity) in water.
half the equimolar amount of L-cystine, in 0.1 M hydrochloric Tris buffer:  1 M tris(hydroxymethyl) aminomethane and 10
acid. The final concentration is about 2.5 mM for each amino mM calcium chloride. Adjust with hydrochloric acid to a pH of
acid. 8.0.

Standard solution:  Transfer 5 mL of the Internal standard solu- Stopping solution:  Water and trifluoroacetic acid (1:1)
tion and 2 mL of the Standard stock solution into a 50-mL Standard solution:  Prepare a 1.0 mg/mL solution of USP
volumetric flask, and dilute with 0.1 M hydrochloric acid to Calcitonin Salmon RS. Transfer 1 mL of this solution to a clean
volume. vial. Add 100 µL of Tris buffer and 50 µL of Trypsin solution.

Sample solution:  Place 1.5 mg of Calcitonin Salmon into a Mix, and incubate at 2°–8° for 16–20 h. Quench the digestion
heavy-wall ignition tube. Add 1.0 mL of 6 N hydrochloric acid, by adding 10 µL of Stopping solution.
and allow to cool. Immerse the lower half of the tube in a Sample solution:  1.0 mg/mL of Calcitonin Salmon. Transfer 1
freezing mixture until the contents are frozen, then evacuate mL of this solution to a clean vial. Add 100 µL of Tris buffer
to approximately 10 µm of Hg, purge with nitrogen (repeat and 50 µL of Trypsin solution. Mix, and incubate at 2°–8° for
the evacuation and nitrogen purge three times), and seal the 16–20 h. Quench the digestion by adding 10 µL of Stopping
tube while it is under a 10 µm of Hg vacuum. Heat for 16 h solution.
at 110°–115° in an air oven. Cool, open the tube, dry in a Chromatographic system
vacuum desiccator, remove the contents, and allow to cool to (See Chromatography 〈621〉, System Suitability.)
room temperature. Dissolve in 0.1 M hydrochloric acid. Trans- Mode:  LC
fer to a 10-mL volumetric flask, add 1 mL of Internal standard Detector:  UV 214 nm
solution, and dilute with 0.1 M hydrochloric acid to volume. Column:  4.6-mm × 25-cm; packing L1

Analysis Flow rate:  1.2 mL/min
Samples:  Standard solution and Sample solution Injection size:  20 µL
Standardize the amino acid analyzer, using the Standard solu- Analysis
tion. Inject the Sample solution into the amino acid analyzer, Samples:  Standard solution and Sample solution
and determine the relative proportion of amino acids. [NOTE—Condition the chromatographic system by running a

Express the content of each amino acid in moles, using an blank gradient program before injecting the digests.]
internal standard calibration technique. Calculate the rela- Acceptance criteria:  The chromatographic profile of the Sam-
tive proportions of the amino acids by taking as equivalent ple solution is similar to that of the Standard solution.
to 1 the sum of the number of moles of aspartic acid,
glutamic acid, proline, glycine, valine, leucine, histidine, ar- Change to read:ginine, and lysine divided by 20.

Acceptance criteria:  The requirements are met if the values
fall within the limits in the table below. • BIOIDENTITY

RPMI 1640 with L-glutamine:  Prepare a mixture of the ingre-
Name Acceptance Criteria dients, in the quantities shown below, in sufficient water to

obtain 1 L of RPMI 1640 with L-glutamine solution, and sterilizeAspartic acid 1.8–2.2
by filtration.Glutamic acid 2.7–3.3

 Proline 1.7–2.3
Calcium nitrate 100.00 mgGlycine 2.7–3.3
Potassium chloride  400.00 mgValine 0.9–1.1
Magnesium sulfate, anhydrous 48.84 mgLeucine 4.5–5.3
Potassium chloride 400 mgHistidine 0.9–1.1
Sodium chloride 6000 mgArginine 0.9–1.1
Sodium phosphate, dibasic, anhydrous  800 mgLysine 1.8–2.2
Sodium bicarbonate 2000 mgSerine 3.2–4.2
Glucose 2000 mgThreonine 4.2–5.2
Glycine 10 mgTyrosine 0.7–1.1
L-Arginine 200 mgHalf cystine 1.4–2.1
L-Asparagine 50 mg

• PEPTIDE MAPPING L-Aspartic acid 20 mg
(See Biotechnology-Derived Articles—Peptide Mapping 〈1055〉.)

L-Cystine dihydrochloride 65 mg[NOTE—This test needs to be performed only on material pro-
L-Glutamic acid  20 mgduced using rDNA technology.]
L-Glutamine 300 mgSolution A:  Water and trifluoroacetic acid (1000:1)

Solution B:  Acetonitrile, water, and trifluoroacetic acid L-Histidine 15 mg
(800:200:0.85) L-Hydroxyproline  20 mg

Mobile phase:  See the gradient table below. L-Isoleucine 50 mg
L-Leucine 50 mg

Time Solution A Solution B L-Lysine hydrochloride 40 mg
(min) (%) (%) 

L-Methionine  15 mg
0 100 0

L-Phenylalanine  15 mg
50 65 35

L-Proline 20 mg
60 40 60

L-Serine 30 mg
60.1 0 100

L-Threonine 20 mg
65.1 0 100

L-Tryptophan 5 mg
65.2 100 0

L-Tyrosine disodium salt dihydrate 29 mg
80.2 100 0

L-Valine 20 mg
Biotin 0.2 mg

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1177

 
to rinse the entire monolayer. Remove the liquid by aspiration,Choline chloride 3 mg
add 2 mL of Solution C, spread over the entire monolayer,D-Calcium pantothenate  0.25 mg
allow to stand for 3–5 min, and add 10 mL of Medium A.

Folic acid 1 mg Homogenize the cell suspension using a pipet, transfer to a
i-Inositol 35 mg 15-mL polypropylene tube, centrifuge at about 220 × g for 5
Niacinamide 1 mg min, pour off the supernatant, and resuspend the cell pellet in
para-Aminobenzoic acid 1 mg 10 mL of Medium A. Count the cells, and adjust the cell den-

sity through dilution, using Medium A, to 2.5 × 104 cells/mL.Pyridoxine hydrochloride 1 mg
Procedure:  Place 200 µL of the Cell suspension into each wellRiboflavin 0.2 mg
of a 96-well culture plate (the tissue culture plate), and incu-

Thiamine hydrochloride 1 mg bate for 18–24 h at 37° and 5% carbon dioxide. Fill each well
Vitamin B12 0.005 mg of an empty, round-bottomed, 96-well culture plate (the pre-

pared plate) with 150 µL of one of the following solutions:Medium A (growth medium):  Using aseptic technique, pre- Positive control solution, Negative control solution, Standard solu-pare the following tissue culture medium. tions A–D, and Sample solutions A–D, so that each solution fills
 at least 5 wells on the prepared plate. After incubation, re-

RPMI 1640 with L-glutamine  500 mL move the culture medium from the tissue culture plate. Using
an 8-channel or 12-channel pipet, rapidly transfer 100 µL ofFetal bovine serum 50 mL
solution from each well of the prepared plate to each well of1 M HEPES 5 mL
the tissue culture plate. Incubate for 15 min at ambient tem-

Penicillin/streptomycin solution (10,000 IU/mL per 5 mL perature, remove the solution from each well, stop stimulation
10 mg/mL) by immediately adding an appropriate cell-lysis buffer, and

Human insulin 10 IU quantitate cAMP produced within the cells, using a validated
Hydrocortisone  0.5 mg kit. Perform the test three times, using three different 96-well

culture plates. [NOTE—Some kits include a cell-lysis reagent
Medium B (stimulation medium):  Dissolve 5 g of bovine se- and a sequestering agent for the cell-lysis reagent. The range
rum albumin (BSA) in 500 mL of 2 mM RPMI 1640 with L- of the test kit is between 0.05 and 10 ng/mL of cAMP. The
glutamine. number of cells used in the assay may vary, depending on the

Solution A (0.2% BSA solution):  Dissolve 50 mg of BSA in 25 validated kit used to quantitate cAMP.]
mL of water. [NOTE—Use within 1 day.] Analysis:  Potency is determined by a 3-dose, 6-point parallel-

Solution B (formic acid/BSA solution):  Add 25 mL of 0.1 M line assay, using standard statistical methods. The calculation
formic acid and 5 mL of Solution A to a 50-mL volumetric is carried out using both the lower three concentrations and
flask, dilute with water to volume, and mix. [NOTE—Use within the upper three concentrations. For the assay to be valid, the
2 days.] requirements for regression, parallelism and difference of

Solution C (trypsin/EDTA solution):  Prepare a sterile filtered quadratics must be met. If the requirements for validity are
solution containing 0.25% trypsin and 0.53 mM EDTA (tetra- met to the same extent in both assessments (the lower and
sodium ethylenediaminetetraacetate). the higher assessments), the final result is determined from

Solution D (Dulbecco’s phosphate buffered saline):  Dissolve the concentration range that shows the higher value when the
8 g of sodium chloride, 1.15 g of dibasic sodium phosphate, common slope is divided by the root mean square error.
0.2 g of monobasic potassium phosphate, 0.2 g of potassium Acceptance criteria:  Combine the three potency values by
chloride, 0.1 g of calcium chloride, and 0.1 g of magnesium using an unweighted mean on the log scale. Determine a
chloride in 1 L of water. 95% confidence interval in the log scale using standard statis-

Standard stock solution:  20 µg/mL of USP Calcitonin Salmon tical methods. Convert the average and confidence interval to
RS in Solution B the potency scale using antilogs to obtain a geometric mean

Positive control solution:  Quantitatively dilute Standard stock and its confidence interval. The potency levels determined
solution in Medium B in order to obtain a 1-ng/mL of USP from all three performances of the test are valid if the data
Calcitonin Salmon RS solution analysis indicates the 3 determinations to be homogeneous,

Negative control solution:  Medium B and the confidence interval is fully contained within 64% and
Standard solution A:  0.1 ng/mL of USP Calcitonin Salmon 156% of the geometric mean. ■If the confidence interval re-
RS, from Standard stock solution in Medium B quirement is not met, additional assays may be performed to

Standard solution B:  33 pg/mL of USP Calcitonin Salmon RS, increase the number of assays and make the confidence inter-
from Standard solution A in Medium B val narrower. The determination of whether it meets the iden-

Standard solution C:  11 pg/mL of USP Calcitonin Salmon RS, tity requirement should be done only after the confidence in-
from Standard solution B in Medium B terval requirement is met. The acceptance criterion for identity

Standard solution D:  3.7 pg/mL of USP Calcitonin Salmon is that the geometric mean is within 80% and 125% of the
RS, from Standard solution C in Medium B Assay value.■2S (USP34)

Sample stock solution:  20 µg/mL of Calcitonin Salmon in
Solution B

Change to read:Sample solution A:  0.1 ng/mL of Calcitonin Salmon, from
Sample stock solution in Medium B

Sample solution B:  33 pg/mL of Calcitonin Salmon, from
• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-Sample solution A in Medium B

CROORGANISMS 〈62〉Sample solution C:  11 pg/mL of Calcitonin Salmon, from
Sample:  0.2 g■25 mg■2S (USP34)Sample solution B in Medium B
Acceptance criteria:  The total aerobic microbial count is NMTSample solution D:  3.7 pg/mL of Calcitonin Salmon, from
100 cfu/g and the total combined molds and yeasts count isSample solution C in Medium B
NMT 100 cfu/g. ■It meets the requirements of the tests forCell culture preparation:  Prepare a cell culture of the human
absence of Staphylococcus aureus, Pseudomonas aeruginosa,mammary tumor cell line T-47D. Cells are propagated using
Salmonella species, and Escherichia coli.■2S (USP34)Medium A at 37° and 5% carbon dioxide. The medium is

• STERILITY TESTS 〈71〉:  Where the label states that Calcitoninchanged every 2 days, and cells are passaged every 5–9 days,
Salmon is sterile, it meets the requirements when tested asusing Solution C with a 1:4 subculture.
directed for Test for Sterility of the Product to Be Examined,Cell suspension:  For the test, use a cell culture that is 5–9
Membrane Filtration.days old. Remove the cell culture medium from the flask by

aspiration, add 10 mL of Solution D, and rock the culture flask
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• WATER DETERMINATION, Method Ic 〈921〉:  NMT 10% Delete the following:

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers. Store in

.

a refrigerator or maintain in a frozen state, protected from ■Diphtheria and Tetanus Toxoidslight. Adsorbed• LABELING:  The labeling states that the material is synthetic or
of recombinant DNA origin.

DEFINITION• USP REFERENCE STANDARDS 〈11〉
Diphtheria and Tetanus Toxoids Adsorbed conforms to the regula-USP Calcitonin Salmon RS

tions of the FDA concerning biologics (See Biologics 〈1041〉). ItC145H240N44O48S2 3432 daltons
is a sterile suspension prepared by mixing suitable quantities ofUSP Calcitonin Salmon Related Compound A RS
plain or adsorbed diphtheria toxoid and plain or adsorbed teta-N-Acetyl-cys1-calcitonin salmon.
nus toxoid, and an aluminum adsorbing agent if plain toxoidsUSP Calcitonin Salmon Related Compound B RS
are used. The antigenicity or potency and the proportions ofCalcitonin salmon-glycine.
the toxoids are such as to provide an immunizing dose of each
toxoid in the total dosage prescribed in the labeling, and each
component meets the requirements for those products. It con-
tains NMT 0.02% of residual-free formaldehyde.BRIEFING

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve at a temperature betweenCoccidioidin,   USP 32 page 2012. The Biologics & Biotechnol- 2° and 8°.ogy Proteins and Polysaccharides Expert Committee reviewed • LABELING:  Label it to state that it is to be shaken to a uniformthis abbreviated monograph and recommended that it be de- consistency before use and that it is not to be frozen.leted because of a lack of quality information. Tests are men- • EXPIRATION DATE:  The expiration date is not later than 2 yearstioned by name, but no procedures are provided. after the date of issue from the manufacturer’s cold storage

(5°, 1 year).■2S (USP34)

(BB PP: M. Kibbey.) RTS—C92291

BRIEFING

Divalproex Sodium,  USP 32 page 2188. On the basis of com-Delete the following:
ments received, it is proposed to remove the sample size re-
quirement in the test for Water Determination. The data obtained
showed that use of lower sample amount had no impact on the

.

result.■Coccidioidin

DEFINITION
Coccidioidin conforms to the regulations of the FDA concerning (SM4: R. Ravichandran.) RTS—C92437

biologics (see Biologics 〈1041〉). It is a sterile solution containing
the antigens obtained from the by-products of mycelial growth
or from the spherules of the fungus Coccidioides immitis. It has

.a potency such that the 1:100 dilution is bioequivalent to the
U.S. Reference Coccidioidin 1:100. It contains a suitable antimi- Divalproex Sodium
crobial agent.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve at a temperature between

2° and 8°.
• EXPIRATION DATE:  The expiration date is not later than 3 years

after the date of issue from the manufacturer’s cold storage
(5°, 1 year) for the mycelial product and not later than 18
months after the date of issue from the manufacturer’s cold
storage (5°, 18 months) for the spherule-derived product.

 • LABELING:  Label it to state that any dilutions made of the
product should be stored in a refrigerator and used within 24

(C16H31NaO4)n 310.41h. Label it also to state that a separate syringe and needle shall
Pentanoic acid, 2-propyl-, sodium salt (2:1);be used for each individual injection.■2S (USP34)
Sodium hydrogen bis(2-propylvalerate) oligomer.

DEFINITION
Divalproex Sodium contains NLT 98.0% and NMT 102.0% ofBRIEFING

available valproic acid (C8H16O2).

IDENTIFICATION
Diptheria and Tetanus Toxoids Adsorbed,  USP 32 page • A. INFRARED ABSORPTION 〈197K〉
2179. See Briefing under Antivenin (Crotalidae) Polyvalent • B. IDENTIFICATION TESTS—GENERAL, Sodium 〈191〉:  Ignite 100
monograph. mg.

(BB VV: M. Kibbey.) RTS—C90313
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ASSAY
• PROCEDURE BRIEFING

Solution A:  3.5 g of monobasic sodium phosphate monohy-
drate in 900 mL of water. Adjust with phosphoric acid to a pH
of 3.5. Dilute with water to 1 L. Ethynodiol Diacetate and Ethinyl Estradiol Tablets.  USPMobile phase:  Acetonitrile and Solution A (1:1) 32 page 2331. On the basis of comments received indicatingStandard stock solution:  5.0 µg/mL of USP Valproic Acid RS that the TLC identification test yields inconsistent results due toin Mobile phase extraction technique, matrix effects, and spotting techniques, itImpurity stock solution:  0.5 mg/mL of USP Valproic Acid Re- is proposed to replace the test with the HPLC procedure used inlated Compound A RS in acetonitrile the Assay test. Because the proposed revision deletes chloroformStandard solution:  0.5 mg/mL of USP Valproic Acid RS from from the monograph, it is consistent with USP’s modernizationStandard stock solution in Mobile phase initiative.System suitability solution:  0.5 mg/mL of valproic acid from
Standard stock solution, and 5 µg/mL of valproic acid related
compound A from Impurity stock solution, in Mobile phase

Sample solution:  0.5 mg/mL of Divalproex Sodium in Mobile (MD-PS: D. Vicchio.) RTS—C52831
phase

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

.Mode:  LC
Detector:  UV 215 nm Ethynodiol Diacetate and Ethinyl
Column:  4.6-mm × 15-cm; 5-µm packing L7 Estradiol Tablets
Flow rate:  1 mL/min
Injection size:  20 µL DEFINITIONSystem suitability Ethynodiol Diacetate and Ethinyl Estradiol Tablets contain NLTSample:  System suitability solution 93.0% and NMT 107.0% of the labeled amount of ethynodiol[NOTE—The relative retention times for valproic acid related diacetate (C24H32O4), and NLT 90.0% and NMT 110.0% of thecompound A and valproic acid are 0.69 and 1.0, labeled amount of ethinyl estradiol (C20H24O2).respectively.]
Suitability requirements IDENTIFICATION

Resolution:  NLT 5.0 between valproic acid related com-
pound A and valproic acid

Change to read:Tailing factor:  NMT 1.5 for the valproic acid peak
Relative standard deviation:  NMT 2.0%

Analysis • THIN LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉Thin-Samples:  Standard solution and Sample solution Layer Chromatographic Identification Test 〈201〉Calculate the percentage of available valproic acid (C8H16O2) Adsorbent:  0.25-mm layer of chromatographic silica gelin the portion of Divalproex Sodium taken: mixture
Standard solution A:  5.0 mg/mL of USP Ethynodiol DiacetateResult = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
RS, in chloroform

Standard solution B:  0.25 mg/mL of USP Ethinyl Estradiol RS,rU = peak area from the Sample solution
in chloroformrS = peak area from the Standard solution

Sample solution:  Transfer an amount equivalent to 10 mg ofCS = concentration of USP Valproic Acid RS in the
ethynodiol diacetate from powdered Tablets, into a stopperedStandard solution (mg/mL)
15-mL centrifuge tube. Add 10 mL of acetonitrile, insert theCU = concentration of the Sample solution (mg/mL)
stopper in the tube, and mix by shaking and inversion forMr1 = molecular weight for divalproex sodium repeat-
about 2 min. Centrifuge at about 1200 rpm for 10 min, anding unit, 310.41
decant the supernatant through filter paper into a suitableMr2 = molecular weight for valproic acid, 144.21
container. Evaporate a 5-mL aliquot of the filtrate on a steamF = number of moles of valproic acid per mole of
bath with the aid of a stream of nitrogen, and dissolve thedivalproex sodium repeating unit, 2
residue in 1 mL of chloroform.Acceptance criteria:  98.0%–102.0%

Spray reagent:  Phosphomolybdic acid in alcohol (1 in 10)
IMPURITIES Application volume:  20 µL
Inorganic Impurities Developing solvent system:  Ethyl acetate and cyclohexane
• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm (3:7)

Analysis[NOTE—See Thin Layer Chromatography 〈621〉 under
SPECIFIC TESTS Chromatography]

Samples:  Standard solution A, Standard solution B, and Sample
solutionChange to read:
Place the plate in a developing chamber, remove it when the
solvent has moved to 15 cm above the initial spots and
allow to air dry at room temperature. Spray the plate with• WATER DETERMINATION, Method I 〈921〉:  NMT 1.0%, deter-
Spray reagent, and heat it at 80° for 10 min: the spots frommined on 3.0 g■

■2S (USP34)
the solution under test and the Standard solutions appear

ADDITIONAL REQUIREMENTS dark on a light-green background. The ethynodiol diacetate
• PACKAGING AND STORAGE:  Preserve in tight containers. Store at and ethinyl estradiol spots from the Sample solution have

room temperature. the same relative positions on the plate as the spots from
• USP REFERENCE STANDARDS 〈11〉 the Standard solutions.

USP Divalproex Sodium RS Acceptance criteria:  The RF values are 0.8 for ethynodiol
USP Valproic Acid RS diacetate and 0.4 for ethinyl estradiol.
USP Valproic Acid Related Compound A RS
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■The retention times of the ethynodiol diacetate and ethinyl ADDITIONAL REQUIREMENTS
estradiol peaks from the Sample solution correspond to those • PACKAGING AND STORAGE:  Preserve in well-closed containers.
from the Standard solution, as obtained in the Assay.■2S (USP34) • USP REFERENCE STANDARDS 〈11〉

USP Ethynodiol Diacetate RS
ASSAY USP Ethinyl Estradiol RS
• PROCEDURE

Mobile phase:  Methanol, acetonitrile, and water (3:7:10)
Standard solution:  Dissolve, with the aid of sonication if nec-
essary, quantities of USP Ethynodiol Diacetate RS and USP BRIEFING
Ethinyl Estradiol RS in Mobile phase. Dilute quantitatively, and
stepwise if necessary, with Mobile phase to obtain a solution
having known concentrations, in mg/mL, of the Reference Filgrastim.  Because there is no existing USP mongraph for this
Standards, corresponding to about 1/25 of the labeled drug substance, a new monograph is proposed.
amounts of ethynodiol diacetate and ethinyl estradiol in the
Tablets.

Sample solution:  Place 10 Tablets in a 250-mL volumetric
(BB PP: A. Szajek.) RTS—C78152flask. Add a portion of Mobile phase, and sonicate until the

Tablets are completely disintegrated. Cool to room tempera-
ture, dilute with Mobile phase to volume, and filter.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC Add the following:
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; packing L10
Flow rate:  2 mL/min .

Injection size:  50 µL ■Filgrastim
System suitability
Sample:  Standard solution
Suitability requirements

Column efficiency:  NLT 3000 theoretical plates, ethy-
nodiol diacetate

Tailing factor:  NMT 1.5, ethynodiol diacetate  
Relative standard deviation:  NMT 2.0% for each peak
due to ethynodiol diacetate and ethinyl estradiol C845H1339N223O243S9  18,800 daltonsAnalysis  [121181-53-1].Samples:  Standard solution and Sample solution

Calculate the percentage of C24H32O4 in each Tablet taken: DEFINITION
Filgrastim is a recombinant form of human granulocyte colony-

Result = (rU/rS) × (CS/CU) × 100 stimulating factor (r-metHuG-CSF). It is a single chain, 175
amino acid nonglycosylated polypeptide produced by Escher-rU = peak response of ethynodiol diacetate from the ichia coli bacteria transfected with a gene encoding a methionylSample solution human granulocyte colony-stimulating factor. When preparedrS = peak response of ethynodiol diacetate from the as a drug substance, it contains NLT 1.0 mg/mL of Filgrastim.Standard solution Formulation contains one or more suitable buffering and/or sta-CS = concentration of USP Ethynodiol Diacetate RS in bilizing agents. The presence of host cell DNA and protein inthe Standard solution (mg/mL) Filgrastim is process-specific. The capability of the process toCU = nominal concentration of ethynodiol diacetate in clear of host-derived DNA and protein requires validation and isthe Sample solution determined by validated methods. It has a biological potencyCalculate the percentage of C20H24O2 in each Tablet taken: of NLT 80% and NMT 125% relative to standard.

Result = (rU/rS) × (CS/CU) × 100 IDENTIFICATION
• A:  It meets the requirements in the Assay.rU = peak response of ethinyl estradiol from the Sam- • B:  The retention time of the major peak of the Sample solutionple solution corresponds to that of the Standard solution, as obtained asrS = peak response of ethinyl estradiol from the Stan- directed in the test for Organic Impurities, Procedure 1.dard solution • C: PEPTIDE MAPPINGCS = concentration of USP Ethinyl Estradiol RS in the (See Biotechnology-Derived Articles—Peptide Mapping 〈1055〉.)Standard solution (mg/mL) Solution A:  Water and trifluoroacetic acid (1000:1)CU = nominal concentration of ethinyl estradiol in the Solution B:  Transfer 100 mL of water to a 1000-mL volumet-Sample solution ric flask, add 1 mL of trifluoroacetic acid, and dilute withAcceptance criteria:  93.0%–107.0% of the labeled amount of acetonitrile to volume.C24H32O4 and 90.0%–110.0% of the labeled amount of Mobile phase:  See the gradient table below.C20H24O2

PERFORMANCE TESTS Time Solution A Solution B
• DISINTEGRATION 〈701〉:  15 min, the use of disks being omitted (min) (%) (%) 
• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirements 0 98 2

for Content Uniformity with respect to ethynodiol diacetate and
2 98 2to ethinyl estradiol

30 70 30
75 40 60
90 2 98
100 2 98
101 98 2
120 98 2
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Tris buffer:  Prepare a 0.5 M solution of tris(hydroxymethyl) Substrate solution:  Reconstitute the luminescence substrate2 
aminomethane solution, and adjust with hydrochloric acid to with the supplied buffer. Aliquot the solution and store below
a pH of 8.1. −65° for up to 2 months.

Methylamine solution:  Dissolve 0.27 g of methylamine hy- Standard solution:  0.5 ng/mL of USP Filgrastim RS in Medium
drochloride in 10 mL of water. E. [NOTE—Do not use single step dilutions of more than 1:100

DTT solution:  30.9 mg/mL in water and smaller transfer volumes than 40 µL while performing se-
Digestion solution:  Dissolve 0.30 g of urea in 200 µL of Tris rial dilutions. After thawing, the Standard solution is stable for
buffer, 100 µL of Methylamine solution, 50 µL of DTT solution, up to 1 week at 2°–8°.]
and 420 µL of water. Overlay with nitrogen, and use Positive control solution:  10 ng/mL of USP Filgrastim RS in
immediately. Medium E

Endoproteinase Glu-C solution:  0.2 µg/µL of Glu-C in water. Sample solution:  0.5 ng/mL of Filgrastim in Medium E.
Use immediately. [NOTE—Do not use single step dilutions of more than 1:100

TFA solution:  Water and trifluoroacetic acid (100:5) and smaller transfer volumes than 40 µL while performing se-
Standard solution:  Prepare a solution containing 80 µg of rial dilutions.]
USP Filgrastim RS and 200 µL of Digestion solution in a suitable Cell culture preparation:  Prepare cell cultures of M-NFS-60
tube. Add water to a final volume of 390 µL. Add 10 µL of cells (ATCC CRL-1838) at 5% CO2 and 37°. Passage the cul-
Endoproteinase Glu-C solution. Cap the tube, mix well, and in- tures in Medium C until passage two. Transfer the cells into
cubate at approximately 25° for 18 h. Add 18 µL of TFA Medium D, and passage the cultures until passage 11. After
solution. passage 11, the cells are defined as G-CSF adapted and can

Sample solution:  Proceed as directed for the Standard be banked.
solution. Cell suspension:  Wash the cells twice with phosphate buf-

Chromatographic system fered saline (PBS), and adjust the cell concentration to 1 × 105

(See Chromatography 〈621〉, System Suitability.) cells/mL in Medium E.
Mode:  LC Preparation of diluted Standard solution and Sample solu-
Detector:  UV 214 nm tion:  Use a 96-well, round-bottom microtiter plate with wells
Column:  2.1-mm × 25-cm; packing L26 arranged in eight rows (labeled A through H) with 12 wells
Column temperature:  40° (numbered 1 to 12) in each row. Dispense 100 µL of Medium
Flow rate:  0.2 mL/min E into each well of the plate except column 12 (wells
Injection size:  70 µL A12–H12, positive control) and A2–A10. Pipet 200 µL of Stan-

Analysis dard solution into wells A3, A6, and A9; and 200 µL of Sample
Samples:  Standard solution and Sample solution solution into wells A2, A5, and A8. Two samples can be pre-
[NOTE—Condition the Chromatographic system by running at pared on one plate. The second sample can be added to wells
least two blank gradient programs before injecting the di- A4, A7, and A10. Pipet 100 µL of Positive control solution into
gests. Separately inject the Standard solution, Sample solution, all wells of the last column (A12–H12). Using a multi-channel
and Standard solution again, and record the responses of pipet (12 channels), perform two-fold dilutions on the plate.
each peak.] Aspirate 100 µL from the first row (A2–A10), transfer to the

System suitability requirements:  Eight major peaks should be second row, and mix three times. Then aspirate 100 µL from
present in each chromatogram as illustrated in the USP Certifi- the second row, transfer to the third row, and mix three
cate for USP Filgrastim RS. The absolute difference in retention times. Repeat this procedure across the entire plate until row
time of each of the eight major peaks between the two Stan- H. Discard the 100 µL aspirated from the last row.
dard solution chromatograms must be ≤0.5 min. The differ- Analysis:  Use a 96-well, black microtiter plate with wells ar-
ence in retention time of each of the eight major peaks be- ranged in eight rows (labeled A through H) with 12 wells
tween the Sample solution chromatogram and the average of (numbered 1 to 12) in each row. Place 50 µL of Cell suspen-
the Standard solution chromatograms must be ≤0.5 min. The sion into all wells of the 96-well microtiter plate except the
relative difference in peak height of each of the eight major wells of column 1 (A1–H1, blank). Column 1 is filled with 50
peaks between the two Standard solution chromatograms µL of Medium E. Incubate the plate at 37° in the incubator
must be ≤15%. until the Standard solution and Sample solution are ready. Us-

Acceptance criteria:  The chromatographic profile of the Sam- ing a multi-channel pipet, transfer 50 µL from each well of the
ple solution is similar to that of the Standard solution. The rela- round-bottom microtiter plate containing the serial dilutions
tive difference in peak height between the normalized sample of the Standard solution and Sample solution into the same
peak height (normalized by total peak height versus the aver- well of the black microtiter plate containing the cell suspen-
age total peak height of the Standard solution chromatograms) sion starting with the lowest concentration. Incubate the black
and the average standard peak height of each of the eight microtiter plate in a humidified CO2 incubator for 31 ± 2 h at
major peaks must be ≤15%. 37° with 5% CO2. Add 100 µL of reconstituted Substrate solu-

tion to all wells. Incubate the plate for 15 min at room tem-
ASSAY perature. Gently agitate the plate on a plate shaker. Incubate
• POTENCY the plate for an additional 15 min at room temperature with-

Medium A:1  RPMI 1640 with 2 mM glutamine and 2 g/L of out shaking. Read the plate in the microtiter plate lumines-
sodium bicarbonate cence reader.

Medium B:  Prepare a mixture of Medium A with 5% heat- System suitability criteria:  The signal-to-noise ratio between
inactivated fetal bovine serum (FBS), 4.5 g/L of glucose, 10 the mean chemiluminescence signal of the positive control
mM HEPES, 1 mM sodium pyruvate, and 0.05 mM and the mean chemiluminescence signal of the negative con-
mercaptoethanol. trol should be ≥3. The number of technical outliers may not

Medium C:  Prepare a mixture of Medium B with 20 ng/mL of exceed four per curve.
IL-3. Calculations:  For each sample, calculate the relative potency

Medium D:  Prepare a mixture of Medium A with 5% heat- of Filgrastim in IU/mL using statistical methods for parallel-line
inactivated FBS, 4.5 g/L of glucose, 10 mM HEPES, 1 mM so- assays. The statistical tests for linearity, slope, and parallelism
dium pyruvate, 0.05 mM mercaptoethanol, and 1 ng/mL of for each sample compared to the standard have to be passed
granulocyte colony-stimulating factor (G-CSF). at the 95% level. The confidence limit must be within 75%

Medium E:  Prepare a mixture of Medium A with 1% heat- and 133% of the estimated potency.
inactivated FBS. Acceptance criteria:  The mean estimated potency is NLT 80%

and NMT 125% of the stated potency.1 A suitable medium is available from Invitrogen (Cell Titer Glo-Luminescence
Kit, catalog #11879020) or an equivalent formulation. 2 A suitable substrate is available from Promega (Cell Titer Glo-Luminescence Kit,

catalog #G7572) or equivalent.
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IMPURITIES Coomassie destaining solution:  Prepare a solution contain-
Organic Impurities ing, in each L, 75 mL of absolute methanol, 100 mL of glacial
• PROCEDURE 1 acetic acid, and water.

Solution A:  Water and trifluoroacetic acid (1000:1) Reference solution A:  1 mg/mL of USP Filgrastim RS in water
Solution B:  Transfer 100 mL of water to a 1000-mL volumet- Reference solution B:  Dilute Reference solution A with water
ric flask, add 1 mL of trifluoroacetic acid, and dilute with to obtain a concentration of 20 µg/mL of USP Filgrastim RS.
acetonitrile to volume. Reference solution C:  3 mg/mL of USP Filgrastim RS in water

Mobile phase:   See the gradient table below. Reference solution D:  Use an isoelectric point (pI) calibration
solution, in the pI range of 2.5–6.5, prepared according to the
manufacturer’s instructions.

Time Solution A Solution B Sample solution:  1 mg/mL of Filgrastim in water
(min) (%) (%) Gel:  Prepare a 6% T (total acrylamide)-0.16% C (cross-linked

0 60 40 bisacrylamide) gel containing 0.3 g/mL of urea, 1.5% pH 3–10
30 20 80 ampholytes, 3.7% pH 5–7 ampholytes, and 0.05% Initiator.

Analysis:  Pre-focus the gel at a constant power setting of 1035 20 80
W (voltage and current are allowed to vary) for 20–40 min.45 60 40
Apply 10 µL of Sample solution, Reference solution A, Reference55 60 40
solution B, and Reference solution C to separate lanes on the
gel. Apply about 10 µL of Reference solution D to each side ofStandard solution:  0.75 mg/mL of USP Filgrastim RS in water
the gel. Focus the gel for about 2.5 h at a constant powerSample solution:  0.75 mg/mL of Filgrastim in water
setting of 10 W (voltage and current are allowed to vary).Chromatographic system
Remove the gel from the apparatus, place in a sufficient vol-(See Chromatography 〈621〉, System Suitability.)
ume of Fixing solution to submerge the gel, and rock gentlyMode:  LC
for NLT 15 min. Decant, and repeat wash in Fixing solution forDetector:  UV 215 nm
an additional 15 min. Remove the Fixing solution, and sub-Column:  4.6-mm × 15-cm; packing L26
merge the gel in Gel Wash I with gentle mixing for NLT 30Column temperature:  60°
min. Decant the Gel Wash I solution, and immerse the gel inFlow rate:  0.8 mL/min
Coomassie staining solution with gentle mixing for 15–60 min.Injection size:  33 µL
Remove the Coomassie staining solution, rinse the gel withSystem suitability
Coomassie destaining solution, and submerge the gel in freshSample:  Standard solution
Coomassie destaining solution. Continue rocking the gel in Coo-Suitability requirements
massie destaining solution until the background is clear andRelative retention times:  About 0.91 for oxidized Filgras-
Reference solution B is still visible. Visually examine the gel.tim 1, about 0.98 for oxidized Filgrastim 2, and about 1.04
System suitability requirements:  The isoelectric point mark-for reduced Filgrastim relative to the major peak
ers are distributed along the entire length of the gel; no arti-Relative standard deviation:  The relative standard devia-
facts obscure visualization of the bands; and Reference solu-tion of the total area (main peak and minor product re-
tion B must be visible.lated peaks, excluding the void peak) and the relative stan-

Acceptance criteria:  The major band in the Sample solutiondard deviation of the retention time of the major Filgrastim
focuses at the same position as the major band in Referencepeak for replicate injections are NMT 5%.
solution A. Minor bands present in the Sample solution areAnalysis
also observed in Reference solution C and, based on visualSamples:  Standard solution and Sample solution
estimates, less intense or equal to Reference solution B. ThereCalculate the percentage of oxidized Filgrastim 1, oxidized
are no bands observed in the Sample solution that are notFilgrastim 2, Filgrastim, and reduced Filgrastim in the por-
present in Reference solution C.tion of Filgrastim taken:

• PROCEDURE 3: IMPURITIES WITH MOLECULAR WEIGHT DIFFERENT
FROM THAT OF FILGRASTIMResult = (rU/rT) × 100
(See Biotechnology-Derived Articles—Polyacrylamide Gel Electro-

rU = peak response for each impurity phoresis 〈1056〉.)
rT = sum of the responses of all the peaks 4X SDS sample buffer (nonreducing conditions):  Prepare a

Acceptance criteria solution containing, in each mL, 80 mg of sodium dodecyl
Individual impurities:  NMT 1.0% of reduced Filgrastim is sulfate and 30 mg of tris(hydroxymethyl)aminomethane. Ad-
found, and NMT 2.0% of total impurity is found. just with hydrochloric acid to a pH of 6.8. Add 0.80 mg of

• PROCEDURE 2: IMPURITIES WITH CHARGES DIFFERENT FROM bromophenol blue and 0.4 mL of glycerol.
FILGRASTIM 4X SDS sample buffer (reducing conditions):   Prepare a so-
(See Biotechnology-Derived Articles—Isoelectric Focusing 〈1054〉.) lution containing, in each mL, 80 mg of sodium dodecyl sul-

1 M phosphoric acid solution:  Dilute 6.8 mL of 85% phos- fate, 30 mg of tris(hydroxymethyl)aminomethane, and 38.5
phoric acid with water to a final volume of 100 mL. mg of dithiothreitol. Adjust with hydrochloric acid to a pH of

1 M sodium hydroxide solution:  Dilute 10 mL of 10 M so- 6.8. Add 0.80 mg of bromophenol blue and 0.4 mL of
dium hydroxide with water to a final volume of 100 mL. glycerol.

Anolyte solution:  Add 10 mL of 1 M phosphoric acid solution 1X SDS sample buffer (nonreducing conditions):  Dilute 1
to 90 mL of water to obtain a 0.1 M phosphoric acid solution. volume of the 4X SDS sample buffer (nonreducing conditions)

Catholyte solution:  Add 10 mL of 1 M sodium hydroxide solu- with 3 volumes of water.
tion to 90 mL of water to obtain a 0.1 M sodium hydroxide 1X SDS sample buffer (reducing conditions):  Dilute 1 vol-
solution. ume of the 4X SDS sample buffer (reducing conditions) with 3

Initiator:  Measure 0.072 g of potassium persulfate to 10 mL volumes of water.
of water to obtain a 0.72% potassium persulfate solution. Gel wash I:  Prepare a solution containing, in each L, 400 mL

Fixing solution:  Mix 35 g of sulfosalicylic acid and 100 g of of absolute methanol, 100 mL of glacial acetic acid, and
trichloroacetic acid in 1000 mL of water. water.

Gel wash I:  Prepare a solution containing, in each L, 400 mL Gel wash II:  Prepare a solution containing, in each L, 100 mL
of absolute methanol, 100 mL of glacial acetic acid, and of 95% ethanol, 50 mL of glacial acetic acid, and water.
water. Reducer solution:  Prepare a solution containing 2 mg of

Coomassie staining solution:  Measure 1.25 g of Coomassie dithiothreitol in 400 mL of water. [NOTE—Prepare this solution
Brilliant Blue R-250 into 1 L of Gel wash I. immediately before use, and protect it from light. This

amount of solution is sufficient for two slab gels.]
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Silver nitrate solution:  Measure 0.68 g of silver nitrate in 400 solution to remove the Developer, and mix gently for approxi-
mL of water, and mix well. [NOTE—Prepare this solution im- mately 30 min. Visually examine the gel.
mediately before use, and protect it from light. This amount System suitability requirements:  No artifacts obscure visual-
of solution is sufficient for two slab gels.] ization of the bands, and Reference solution B must be visible.

Developer:  To 500 mL of water add 18.6 g of sodium carbon- Acceptance criteria:  The main band migrates to the same
ate monohydrate and 0.5 mL of formaldehyde. [NOTE— Pre- position as the main band in Reference solution A. Minor
pare this solution fresh at the time of use. This amount of bands present in the Sample solution are also observed in
solution is sufficient for two slab gels.] Reference solution C and, based on visual estimates, less in-

Acetic acid solution:  Prepare a solution containing, in each L, tense or equal to Reference solution B. There are no bands
50 mL of glacial acetic acid and water. observed in the Sample solution that are not present in Refer-

Running buffer:  Prepare a buffer solution containing 1 g of ence solution C.
sodium dodecyl sulfate, 3.03 g of tris(hydroxymethyl)amino- • PROCEDURE 4: LIMIT OF HIGH MOLECULAR WEIGHT PROTEINS
methane, and 14.4 g of glycine per L. Mobile phase:  Add 11.5 g of concentrated phosphoric acid to

Resolving gel:  Use a 1.5-mm thick, 10%–20% polyacrylamide 800 mL of water. Adjust with 10 N sodium hydroxide to a pH
gradient, i.e. 10%–20% T (total acrylamide)-2.6% C (cross- of 2.5, and dilute with water to 1000 mL. Filter, and degas.
linked bisacrylamide), for the resolving gel with a 4% stacking Column conditioning solution:  Dissolve 18 mg of bovine se-
gel (4% T – 2.6% C). rum albumin (BSA) in 9 mL of water.

Reference solution A:  Dilute 25 µg of USP Filgrastim RS with Resolution solution:  Prepare a 3-mg/mL solution of USP Fil-
25 µL of 4X SDS sample buffer and sufficient water to obtain grastim RS in water. Incubate the solution at 70° for 1.5 h.
100 µL of a solution containing a 250-µg/mL preparation of Dilute with water to 0.3 mg/mL.
USP Filgrastim RS in 1X SDS sample buffer. Prepare both a Standard solution:  0.3 mg/mL of USP Filgrastim RS in water
reduced and a nonreduced Reference solution A using the ap- Sample solution:  Dilute Filgastim with water to 0.3 mg/mL.
propriate 4X SDS sample buffer. Heat reduced samples at ap- Chromatographic system
proximately 65° for 5–10 min. Do not heat the nonreduced (See Chromatography 〈621〉, System Suitability.)
samples. Mode:  LC

Reference solution B:  Prepare both a reduced and a Detector:  UV 214 nm
nonreduced Reference solution B by diluting Reference solution Column:  7.8-mm × 30-cm; packing L59
A (1:100) with the appropriate 1X SDS sample buffer to obtain Column temperature:  Ambient
a 2.5-µg/mL preparation of USP Filgrastim RS. Heat reduced Flow rate:  1 mL/min
samples at approximately 65° for 5–10 min. Do not heat the Injection size:  40 µL
nonreduced samples. System suitability

Reference solution C:  Dilute 75 µg of USP Filgrastim RS with Samples:  Column conditioning solution, Resolution solution,
25 µL of 4X SDS sample buffer and sufficient water to obtain and Standard solution
100 µL of a solution containing a 750-µg/mL preparation of Suitability requirements
USP Filgrastim RS in 1X SDS sample buffer. Prepare both a Column solution peak response:  Chromatograph the Col-
reduced and a nonreduced Reference solution C using the ap- umn conditioning solution 3–10 times. The peak response of
propriate 4X SDS sample buffer. Heat reduced samples at ap- the final consecutive injections should be constant.
proximately 65° for 5–10 min. Do not heat the nonreduced Relative retention times:  Chromatograph the Resolution
samples. solution two times, and record the peak responses. The rel-

Reference solution D:  Use a solution of molecular weight ative retention times are about 0.5 for Filgrastim aggre-
markers suitable for calibrating SDS-polyacrylamide gels in the gate, 0.9 for Filgrastim dimer, and 1.0 for Filgrastim
range of 14.4–94 kDa. monomer.

Sample solution:  Dilute 25 µg of the sample to be tested Relative standard deviation:  The relative standard devia-
with 25 µL of 4X SDS sample buffer and sufficient water to tion of the total area (main peak and minor product re-
obtain 100 µL of a solution containing a 250-µg/mL prepara- lated peaks, excluding the void peak) and the relative stan-
tion of the test article in 1X SDS sample buffer. Prepare both a dard deviation of the retention time of the major Filgrastim
reduced and a nonreduced Sample solution using the appropri- peak for replicate injections are NMT 3%.
ate 4X SDS sample buffer. Heat reduced samples at approxi- Analysis
mately 65° for 5–10 min. Do not heat the nonreduced Samples:  Standard solution and Sample solution
samples. Inject 40 µL of the Standard solution and the Sample solution

Analysis:  Separately apply 20 µL of the Sample solution, Refer- into the chromatograph, record the chromatogram, and
ence solution A, Reference solution B, and Reference solution C measure the areas of the main peak and of the peaks elut-
onto separate lanes of the gel. Apply about 20 µL of Reference ing prior to the main peak, excluding the solvent peaks.
solution D to each side of the gel. [NOTE—Reduced and Calculate the percentage of aggregates (peaks eluting
nonreduced samples should either be run on separate gels or before dimer), dimer, and monomer in the portion of Fil-
on the same gel if separated by at least three lanes containing grastim taken:
1X SDS sample buffer (nonreducing).] Perform the electrophore-

Result = (rU/rT) × 100sis using a constant voltage of 125 V. [NOTE—Current and
power are allowed to vary throughout the run.] Remove the

rU = individual peak response of aggregates, dimer,gel from the apparatus after the tracking dye begins to ap-
and monomerproach the anode end of the gel, place the gel in a sufficient

rT = sum of the responses of all the peaksvolume of Gel Wash I to submerge the gel, and mix gently for
Acceptance criteriaNLT 1 h. Decant the Gel Wash I, and immerse the gel in a
Individual impurities:  NMT 0.5% of aggregate is found, andsimilar volume of Gel Wash II. After 15 min of gentle mixing,
NMT 2.0% of total high molecular weight impurities aredecant, and wash the gel for an additional 15 min in Gel
found.Wash II. Wash the gel twice for 15 min each with the Reducer

solution followed by two washes of 15 min each in the Silver SPECIFIC TESTSnitrate solution. Rinse twice with water, and decant. Transfer • PROTEIN CONCENTRATIONthe gel to a clear container containing a sufficient volume of (See Biotechnology–Derived Articles—Total Protein Assay 〈1057〉.)the Developer to immerse the gel, and rock the container 5% Sorbitol solution, pH 3.25 buffer:  Prepare a 5% solutionchanging the Developer frequently (10–15 s) until the molecu- of sorbitol in water, and adjust with concentrated hydrogenlar weight markers and Reference standard B become visible. chloride to a pH of 3.25.When the gel is visibly stained, wash immediately with the Sample solution:  Dilute the Filgrastim in 5% Sorbitol solution,Acetic acid solution. Rinse the gel repeatedly with Acetic acid pH 3.25 buffer to obtain a solution with a concentration be-
tween 0.2 and 1.7 mg/mL.
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Blank:  5% Sorbitol solution, pH 3.25 buffer Delete the following:
Analysis
Mode:  UV-Vis
Analytical wavelengths:  280, 320, and 350 nm .

Cell:  Quartz spectrophotometric cell of path length 1-cm ■Anti-Human Globulin Serum
Sample:  Sample solution

Analysis DEFINITION
Sample:  Sample solution Anti-Human Globulin Serum conforms to the regulations of the
Calculate the sample absorbance at 320 nm as a percentage FDA concerning biologics (See Biologics 〈1041〉). It is a sterile,
of the absorbance at 280 nm: liquid preparation of serum produced by immunizing lower ani-

mals such as rabbits or goats with human serum or plasma, or Result = (A320/A280) × 100 with selected human plasma proteins. It is free from agglutinins
and from hemolysins to nonsensitized human red cells of allA320 = absorbance value of the Sample solution at 320 blood groups. It contains a suitable antimicrobial preservative.nm Three varieties of Anti-Human Globulin Serum are recognized:A280 = absorbance value of the Sample solution at 280 (1) a general-purpose polyspecific reagent which, as a mini-nm mum, contains antibodies specific for immunoglobulin IgG, andIf the absorbance at 320 nm is less than 5.0% of the absorb- at least the C3d component of human complement (for use inance at 280 nm, calculate the protein concentration of the the direct antiglobulin test, it contains this Anti-C3d and Anti-Filgrastim sample: IgG activity) and which may be artificially colored green; (2) a
reagent containing antibodies only against immunoglobulinResult = A280 × DF/0.86
IgG (not heavy chain specific) intended for use in the indirect
antiglobulin test, and which may be artificially colored green;A280 = absorbance values of the Sample solution at 280
and (3) reagents containing antibodies specific for individual ornm
selected components of human complement, such as Anti-C3,DF = dilution factor of the Sample solution
and Anti-C3b-C3d-C4, or a single class of immunoglobulins,If the absorbance at 320 nm is more than 5.0% of the ab-
such as Anti-IgG (heavy chain specific), used only to identifysorbance at 280 nm, calculate the protein concentration of
plasma components coated on the surface of red blood cells.the Filgrastim sample:
Anti-Human Globulin Serums containing Anti-IgG meet the re-
quirements of the test for potency, in parallel with the U.S.Result = {A280 − [(3.3435 × A320) − (2.3435 × A350)]} × DF/0.86
Reference Anti-Human Globulin (Anti-IgG) Serum (at a 1:4 dilu-

A280 = absorbance value of the Sample solution at 280 tion) when tested with red cells suspended in isotonic saline
nm sensitized with decreasing amounts of nonagglutinating Anti-D

A320 = absorbance value of the Sample solution at 320 (Anti-Rho) serum, and with cells sensitized in the same manner
nm with an immunoglobulin IgG Anti-Fya serum of similar potency.

A350 = absorbance value of the Sample solution at 350 Anti-Human Globulin Serum containing one or more Anti-com-
nm plement components meets the requirements of the tests for

DF = dilution factor of the Sample solution potency in giving a 2+ agglutination reaction (i.e., agglutinated
• MICROBIAL ENUMERATION TESTS 〈61〉:  The total aerobic count cells dislodged into many small clumps of equal size) by the

does not exceed 0 cfu/10 mL of the substance solution. low-ionic sucrose or sucrose-trypsin procedures when tested as
• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 2 USP En- recommended in the labeling. Anti-Human Globulin Serum

dotoxin Units per mg of drug substance. containing Anti-3Cd activity meets the requirements for stabil-
ity, by potency testing of representative lots every 3 months

ADDITIONAL REQUIREMENTS during the dating period.
• PACKAGING AND STORAGE:  Preserve in tight containers. Store

between 2° and 8°. For long-term storage, protect from light. ADDITIONAL REQUIREMENTS
• LABELING:  Label to indicate the content of the drug substance • PACKAGING AND STORAGE:  Preserve at a temperature between

in g/container. The labeling states that the material is of re- 2° and 8°.
combinant DNA origin. • EXPIRATION DATE:  Its expiration date is not later than 1 year

• USP REFERENCE STANDARDS 〈11〉 after the date of issue from the manufacturer’s cold storage
USP Endotoxin RS (5°, 1 year; or 0°, 2 years).
USP Filgrastim RS■2S (USP34) • LABELING:  Label it to state the animal source of the product.

Label it also to state the specific antibody activities present; to
state the application for which the reagent is intended; to in-
clude a cautionary statement that it does not contain antibod-

BRIEFING ies to immunoglobulins or that it does not contain antibodies
to complement components, wherever and whichever is appli-
cable; and to state that it is for in vitro diagnostic use. [NOTE—
The lettering on the label of the general-purpose polyspecificAnti-Human Globulin Serum,  USP 32 page 2504. The Bio-
reagent is black on a white background. The label of all otherlogics & Biotechnology Blood and Blood Products Expert Com-
Anti-Human Globulin Serum containers is in white lettering onmittee reviewed this abbreviated monograph and recommended
a black background.]■2S (USP34)that it be deleted due to lack of quality information.

(BB BBP: M. Kibbey.) RTS—C92440
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BRIEFING System suitability solution:  Prepare 1% (w/w) USP Over-
sulfated Chondroitin Sulfate RS in Standard solution.

Sample solution:  NLT 20 mg/mL of Heparin Calcium in deu-
terium oxide with 0.02% (w/v) deuterated TSPHeparin Calcium,  page R-912 of the First Supplement to USP

Spectrometric conditions33 Reissue. The Unfractionated and Low Molecular Weight
(See Nuclear Magnetic Resonance 〈761〉.)Heparins Ad Hoc Advisory Panel recommends the deletion of
Mode:  NMR, pulsed (Fourier transform)this monograph since no licensed Heparin Calcium products are
Frequency:  NLT 500 MHz (for 1H)on the US market.
Temperature:  25°

System suitability
Samples:  Standard solution and System suitability solution

(BB BBP: A. Szajek.) RTS—C92444 Using a pulsed (Fourier transform) NMR spectrometer operat-
ing at NLT 500 MHz for 1H, acquire a free induction decay
(FID) using NLT 16 scans using a 90° pulse and 20-s delay.
Record the 1H NMR spectra of the Standard solution and Sys-
tem suitability solution at 25°. Collect the 1H NMR spectrum
with a spectral window of at least 10 to −2 ppm and withoutDelete the following:
spinning. The number of transients should be adjusted until
the signal-to-noise ratio of the N-acetyl heparin signal in the

. Standard solution is at least 1000/1 in the region near 2 ppm.
The Standard solution must be run at least daily when Sample■Heparin Calcium
solutions are being run. For all samples, the TSP methyl signal
should be set to 0.00 ppm. The chemical shift for the N-DEFINITION
acetyl resonance of heparin and oversulfated chondroitin sul-
fate in the System suitability solution should be observed at

Change to read: 2.05 ± 0.02 and 2.16 ± 0.03 ppm, respectively. Record the 1H
NMR spectrum of the Sample solution at 25°.

Suitability requirementsHeparin Calcium is the calcium salt of sulfated glycosaminogly- Number of transients:  Adjust until the signal-to-noise ratiocans present as a mixture of heterogeneous molecules of mixed of the N-acetyl heparin signal in the Standard solution is atmucopolysaccharide nature varying in molecular weights. It is least 1000/1 in the region near 2 ppm.present in mammalian tissues and is usually obtained from the Chemical shift:  The TSP methyl signal should be set tointestinal mucosa or other suitable tissues of domestic mam- 0.00 ppm for all samples.mals used for food by humans. The sourcing of heparin mate- Chemical shifts (for the N-acetyl resonance of heparin andrial must be specified in compliance with applicable regulatory oversulfated chondroitin sulfate):  Should be observed atrequirements. The manufacturing process must be validated to 2.05 ± 0.02 and 2.16 ± 0.03 ppm, respectively, System suit-demonstrate clearance and inactivation of relevant infectious ability solutionand adventitious agents (e.g., viruses, TSE agents). See Viral AnalysisSafety Evaluation of Biotechnology Products Derived from Cell Lines Sample:  Sample solutionof Human or Animal Origin 〈1050〉 for general guidance on viral Acceptance criteria:  The chemical shift for the N-acetylsafety evaluation. It is purified to retain a combination of activi- resonance of heparin in the Sample solution should be ob-ties against different fractions of the blood clotting sequence. It served at 2.05 ± 0.02 ppm. No features associated with over-is composed of polymers of alternating derivatives of α-D-glu- sulfated chondroitin sulfate are found between 2.12 and 3.00cosamine (N-sulfated, O-sulfated, or N-acetylated) and uronic ppm.•(RB 1-Oct-2009)acid ( α-L-iduronic acid or β-D-glucuronic acid) joined by glyco-
sidic linkages. The component activities of the mixture are in
ratios corresponding to those shown by the USP Heparin So- Change to read:
dium •for Assays•(RB 1-Oct-2009) Reference Standard. Some of these
components have the property of prolonging the clotting time

• •B. IDENTIFICATION TESTS—GENERAL, Calcium 〈191〉:  It meetsof blood. This occurs through the formation of a complex of
the requirements of the flame test.•(RB 1-Oct-2009)each component with the plasma proteins antithrombin III and

heparin cofactor II to potentiate the inactivation of thrombin. ASSAYOther coagulation proteases in the clotting sequence, such as • ANTI-FACTOR IIa POTENCYactivated factor X (factor Xa), are also inhibited. The potency of pH 8.4 buffer:  Dissolve 6.10 g of tris(hydroxymethyl)amino-Heparin Calcium, calculated on the dried basis, is NLT •180•(RB methane, 10.20 g of sodium chloride, 2.80 g of edetate so-
1-Oct-2009) USP Heparin Units in each mg, and NLT 90.0% and dium, and, if suitable, between 0 and 10.00 g of polyethyleneNMT 110.0% of the potency stated on the label. Heparin Cal- glycol 6000 and/or 2.00 g of bovine serum albumin in 800cium is essentially free from sodium. mL of water. [NOTE—2.00 g of human albumin may be substi-••(RB 1-Oct-2009) tuted for 2.00 g of bovine serum albumin.] Adjust with hydro-

chloric acid to a pH of 8.4, and dilute with water to 1000 mL.IDENTIFICATION
Antithrombin solution:  Reconstitute a vial of antithrombin
(see Reagents, Indicators, and Solutions—Reagent Specifications)

Delete the following: in water to obtain a solution of 5 Antithrombin IU/mL. Dilute
this solution with pH 8.4 buffer to obtain a solution having a
concentration of 0.125 Antithrombin IU/mL.•• A.  It meets the requirements in the Assay.•(RB 1-Oct-2009) Thrombin human solution:  Reconstitute thrombin human
(factor IIa) (see Reagents, Indicators, and Solutions—Reagent
Specifications) in water to give 20 Thrombin IU/mL, and diluteChange to read:
with pH 8.4 buffer to obtain a solution having a concentration
of 5 Thrombin IU/mL. [NOTE—The thrombin should have a

• •A. 1H NMR SPECTRUM specific activity of NLT 750 IU/mg.]
(See Nuclear Magnetic Resonance 〈761〉.) Chromogenic substrate solution:  Prepare a solution of a suit-

Standard solution:  NLT 20 mg/mL of USP Heparin Sodium able chromogenic thrombin substrate for amidolytic test (see
Identification RS in deuterium oxide with 0.02% (w/v) deuter- Reagents, Indicators, and Solutions—Reagent Specifications) in
ated trimethylsilylpropionic (TSP) acid sodium salt water to obtain a concentration of 1.25 mM.
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Stopping solution:  20% (v/v) solution of acetic acid IMPURITIES
Standard solutions:  Reconstitute the entire contents of an Inorganic Impurities
ampule of USP Heparin Sodium for Assays RS with water, and • RESIDUE ON IGNITION 〈281〉:  28.0%–41.0%
dilute with pH 8.4 buffer to obtain at least four dilutions in the • HEAVY METALS, Method II 〈231〉:  NMT 30 ppm
concentration range between 0.005 and 0.03 USP Heparin

SPECIFIC TESTSUnit/mL.
• ANTI-FACTOR Xa ACTIVITYSample solutions:  Proceed as directed for Standard solutions

pH 8.4 buffer:  Dissolve amounts of tris(hydroxymethyl)amino-to obtain concentrations of Heparin Calcium similar to those
methane, edetic acid, and sodium chloride in water contain-obtained for the Standard solutions.
ing 0.1% of polyethylene glycol 6000 to obtain a solutionAnalysis
having concentrations of 0.050, 0.0075, and 0.175 M, respec-[NOTE—The procedure can also be performed using alterna-
tively. Adjust, if necessary, with hydrochloric acid or sodiumtive platforms.]
hydroxide solution to a pH of 8.4.For each dilution of the Standard solutions and the Sample

Antithrombin solution:  Reconstitute a vial of antithrombinsolutions, at least duplicate samples should be tested. Label a
(see Reagents, Indicators, and Solutions—Reagent Specifications)suitable number of tubes, depending on the number of repli-
as directed by the manufacturer, and further dilute with pHcates to be tested. For example, if five blanks are to be used:
8.4 buffer to obtain a solution having a concentration of 1.0B1, B2, B3, B4, and B5 for the blanks; T1, T2, T3, and T4
Antithrombin IU/mL.each at least in duplicate for the dilutions of the Sample solu-

Factor Xa solution:  Reconstitute bovine factor Xa as directedtions; and S1, S2, S3, and S4 each at least in duplicate for
by the manufacturer (see Factor Xa in Reagents, Indicators, andthe dilutions of the Standard solutions. Distribute the blanks
Solutions—Reagent Specifications), and further dilute in pH 8.4over the series in such a way that they accurately represent
buffer to obtain a solution that gives an absorbance value be-the behavior of the reagents during the experiments.
tween 0.65 and 1.25 at 405 nm when assayed as described[NOTE—Treat the tubes in the order B1, S1, S2, S3, S4, B2,
below, but using 30 µL of pH 8.4 buffer instead of 30 µL ofT1, T2, T3, T4, B3, T1, T2, T3, T4, B4, S1, S2, S3, S4, B5.]
the Standard solutions or the Sample solutions. [NOTE—FactorNote that after each addition of a reagent, the incubation
Xa solution contains about 3 nanokatalytic units/mL, but canmixture should be mixed without allowing bubbles to form.
vary depending upon the manufacturer of factor Xa or theAdd twice the volume (100–200 µL) of Antithrombin solution
substrate used.]to each tube containing one volume (50–100 µL) of either

Chromogenic substrate solution:  Prepare a solution of a suit-the pH 8.4 buffer or an appropriate dilution of the Sample
able chromogenic substrate for amidolytic test (see Reagents,solutions or the Standard solutions. Mix, but do not allow
Indicators, and Solutions—Reagent Specifications) specific forbubbles to form. Incubate at 37° for at least 1 min. Add to
factor Xa in water to obtain a concentration of 1 mM.each tube 25–50 µL of Thrombin human solution, and incu-

Stopping solution:  20% (v/v) solution of acetic acidbate for at least 1 min. Add 50–100 µL of Chromogenic sub-
Standard solutions:  Reconstitute the entire contents of anstrate solution. Please note that all reagents, Standard solu-
ampule of USP Heparin Sodium for Assays RS with water, andtions, and Sample solutions should be prewarmed to 37° just
dilute with pH 8.4 buffer to obtain at least five dilutions in thebefore use. Two different types of measurements can be
concentration range between 0.03 and 0.375 USP Heparinrecorded:
Units/mL.1.  Endpoint measurement: Stop the reaction after at least 1

Sample solutions:  Dissolve or dilute an accurately measuredmin with 50–100 µL of Stopping solution. Measure the ab-
quantity of Heparin Calcium in pH 8.4 buffer, and dilute withsorbance of each solution at 405 nm using a suitable spec-
the same buffer to obtain solutions having activities approxi-trophotometer (see Spectrophotometry and Light-Scattering
mately equal to those of the Standard solutions.〈851〉). The RSD over the blank readings is less than 10%.

Analysis2.  Kinetic measurement: Follow the change in absorbance for
[NOTE—The procedure can also be performed using alterna-each solution over 1 min at 405 nm using a suitable spec-
tive platforms. Perform the test with each Standard solutiontrophotometer (see Spectrophotometry and Light-Scattering
and Sample solution in duplicate.]〈851〉). Calculate the change in absorbance/min (∆OD/

To each of a series of suitable plastic tubes placed in a watermin). The blanks for kinetic measurement are also ex-
bath set at 37°, transfer 120 µL of pH 8.4 buffer. Then sepa-pressed as ∆OD/min and should give the highest values
rately transfer 30 µL of the different dilutions of the Standardbecause they are carried out in the absence of heparin. The
solutions or the Sample solutions to the tubes. Add 150 µL ofRSD over the blank readings is less than 10%.
Antithrombin solution, prewarmed at 37° for 15 min, to eachCalculations:  The statistical models for Slope ratio assay or
tube, mix, and incubate for 2 min. Add 300 µL of Factor XaParallel-line assay can be used, depending on which model
solution, prewarmed at 37° for 15 min, to each tube, mix,best describes the correlation between concentration and
and incubate for 2 min. Add 300 µL of Chromogenic substrateresponse.
solution, prewarmed at 37° for 15 min, to each tube, mix,Parallel-line assay:  For each series, calculate the regression of
and incubate for exactly 2 min. Add 150 µL of Stopping solu-the absorbance or change in absorbance/min against log con-
tion to each tube, and mix. Prepare a blank for zeroing thecentrations of the Standard solutions and the Sample solutions,
spectrophotometer by adding the reagents in reverse order,and calculate the potency of Heparin Calcium in USP Units/mL
starting with the Stopping solution and ending with the addi-using statistical methods for parallel-line assays. Express the
tion of 150 µL of pH 8.4 buffer, and excluding the Standardpotency of Heparin Calcium/mg, calculated on the dried basis.
solutions or the Sample solutions. Record the absorbance atSlope ratio assay:  For each series, calculate the regression of
405 nm against the blank.the log absorbance or the log change in absorbance/min

Calculations:  Plot the log of the absorbance values of theagainst concentrations of the Standard solutions and the Sam-
Standard solutions and the Sample solutions versus the heparinple solutions, and calculate the potency of Heparin Calcium in
concentrations in USP Units. Calculate the activity of HeparinUSP Units/mL using statistical methods for slope ratio assays.
Calcium in USP Units/mg using statistical methods for slopeExpress the potency of Heparin Calcium/mg, calculated on the
ratio assays. Calculate the anti-factor Xa activity of Heparindried basis.
Calcium:Acceptance criteria:  The potency of Heparin Calcium, calcu-

lated on the dried basis, is NLT 180 USP Heparin Units in each
Result = A × (ST/SS)mg.

A = potency of USP Heparin Sodium for Assays RSOTHER COMPONENTS
ST = slope of the line for the Sample solutions• NITROGEN DETERMINATION, Method I 〈461〉:  1.3%–2.5%, calcu-
SS = slope of the line for the Standard solutionslated on the dried basis, using the procedure for Nitrates and
Express the anti-factor Xa activity of the Sample solutions asNitrites Absent.
USP Heparin Units/mg, calculated on the dried basis. Calcu-
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late the ratio of anti-factor Xa activity against anti-factor IIa in water to obtain a solution of 5 Antithrombin IU/mL. Dilute
potency (see the Assay): this solution with pH 8.4 buffer to obtain a solution having a

concentration of 0.125 Antithrombin IU/mL.
Result = anti-factor Xa activity/anti-factor IIa potency Thrombin human solution:  Reconstitute thrombin human

(factor IIa) (see Reagents, Indicators, and Solutions—Reagent
Acceptance criteria:  0.9–1.1 Specifications) in water to give 20 Thrombin IU/mL, and dilute

• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 0.03 USP with pH 8.4 buffer to obtain a solution having a concentration
Endotoxin Unit/USP Heparin Unit. of 5 Thrombin IU/mL. [NOTE—The thrombin should have a

• LOSS ON DRYING 〈731〉:  Dry a sample in a vacuum at 60° for 3 specific activity of NLT 750 IU/mg.]
h: it loses NMT 5.0% of its weight. Chromogenic substrate solution:  Prepare a solution of a suit-

• PH 〈791〉:  Between 5.0 and 7.5, in a solution (1 in 100) able chromogenic thrombin substrate for amidolytic test (see
• PROTEIN:  To 1 mL of a solution (1 in 100) add 5 drops of Reagents, Indicators, and Solutions—Reagent Specifications) in

trichloroacetic acid solution (1 in 5): no precipitate or turbidity water to obtain a concentration of 1.25 mM.
forms. Stopping solution:  20% (v/v) solution of acetic acid

• STERILITY TESTS 〈71〉:  Where it is labeled as sterile, it meets the Standard solutions:  Reconstitute the entire contents of an
requirements. ampule of USP Heparin Sodium for Assays RS with water, and

dilute with pH 8.4 buffer to obtain at least four dilutions in theADDITIONAL REQUIREMENTS concentration range between 0.005 and 0.03 USP Heparin• PACKAGING AND STORAGE:  Preserve in tight containers, and Unit/mL.store at a temperature below 40°, preferably at room Sample solutions:  Proceed as directed for Standard solutionstemperature. to obtain concentrations of Heparin Calcium Injection similar• LABELING:  Label it to indicate the tissue and the animal species to those obtained for the Standard solutions.from which it is derived. Analysis
[NOTE—The procedure can also be performed using alterna-
tive platforms.]Change to read:

For each dilution of the Standard solutions and the Sample
solutions, at least duplicate samples should be tested. Label a

• USP REFERENCE STANDARDS 〈11〉 suitable number of tubes, depending on the number of repli-
USP Endotoxin RS cates to be tested. For example, if five blanks are to be used:
USP Heparin Sodium•for Assays• (RB 1-Oct-2009) RS B1, B2, B3, B4, and B5 for the blanks; T1, T2, T3, and T4
USP Heparin Sodium Identification RS each at least in duplicate for the dilutions of the Sample solu-•USP Oversulfated Chondroitin Sulfate RS• (RB 1-Oct-2009)■2S (USP34) tions; and S1, S2, S3, and S4 each at least in duplicate for

the dilutions of the Standard solutions. Distribute the blanks
over the series in such a way that they accurately represent
the behavior of the reagents during the experiments.

BRIEFING [NOTE—Treat the tubes in the order B1, S1, S2, S3, S4, B2,
T1, T2, T3, T4, B3, T1, T2, T3, T4, B4, S1, S2, S3, S4, B5.]
Note that after each addition of a reagent, the incubation

Heparin Calcium Injection,  page R-914 of the First Supple- mixture should be mixed without allowing bubbles to form.
ment to USP 33 Reissue. The Unfractionated and Low Molecular Add twice the volume (100–200 µL) of Antithrombin solution
Weight Heparins Ad Hoc Advisory Panel recommends the dele- to each tube containing one volume (50–100 µL) of either
tion of this monograph since no licensed Heparin Calcium Injec- the pH 8.4 buffer or an appropriate dilution of the Standard
tion products are on the US market. solutions or the Sample solutions. Mix, but do not allow bub-

bles to form. Incubate at 37° for at least 1 min. Add to each
tube 25–50 µL of Thrombin human solution, and incubate for
at least 1 min. Add 50–100 µL of Chromogenic substrate solu-(BB BBP: A. Szajek.) RTS—C92445 tion. Please note that all reagents, Standard solutions, and
Sample solutions should be prewarmed to 37° just before use.
Two different types of measurements can be recorded:

1.  Endpoint measurement: Stop the reaction after at least 1
min with 50–100 µL of Stopping solution. Measure the ab-

Delete the following: sorbance of each solution at 405 nm using a suitable spec-
trophotometer (see Spectrophotometry and Light-Scattering
〈851〉). The RSD over the blank readings is less than 10%.

. 2.  Kinetic measurement: Follow the change in absorbance for
■Heparin Calcium Injection each solution over 1 min at 405 nm using a suitable spec-

trophotometer (see Spectrophotometry and Light-Scattering
DEFINITION 〈851〉). Calculate the change in absorbance/min (∆OD/
Heparin Calcium Injection is a sterile solution of Heparin Calcium min). The blanks for kinetic measurement are also ex-

in Water for Injection. It exhibits a potency NLT 90.0% and pressed as ∆OD/min and should give the highest values
NMT 110.0% of the potency stated on the label in terms of because they are carried out in the absence of heparin. The
USP Heparin Units/mL. RSD over the blank readings is less than 10%.

••(RB 1-Oct-2009) Calculations:  The statistical models for Slope ratio assay or
Parallel-line assay can be used, depending on which model

ASSAY best describes the correlation between concentration and
• ANTI-FACTOR IIa POTENCY response.

pH 8.4 buffer:  Dissolve 6.10 g of tris(hydroxymethyl)amino- Parallel-line assay:  For each series, calculate the regression of
methane, 10.20 g of sodium chloride, 2.80 g of edetate so- the absorbance or change in absorbance/min against log con-
dium, and, if suitable, between 0 and 10.00 g of polyethylene centrations of the Standard solutions and the Sample solutions,
glycol 6000 and/or 2.00 g of bovine serum albumin in 800 and calculate the potency of Heparin Calcium Injection in USP
mL of water. [NOTE—2.00 g of human albumin may be substi- Units/mL using statistical methods for parallel-line assays. Ex-
tuted for 2.00 g of bovine serum albumin.] Adjust with hydro- press the potency of Heparin Calcium Injection as a percent-
chloric acid to a pH of 8.4, and dilute with water to 1000 mL. age of the potency stated on the label in terms of USP Hepa-

Antithrombin solution:  Reconstitute a vial of antithrombin rin Units/mL.
(see Reagents, Indicators, and Solutions—Reagent Specifications)
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Slope ratio assay:  For each series, calculate the regression of • LABELING:  Label it to state that only the diluent supplied is to
the log absorbance or the log change in absorbance/min be used for making dilutions, and that it is not to be injected
against concentrations of the Standard solutions and the Sam- other than intradermally. Label it also to state that a separate
ple solutions, and calculate the potency of Heparin Calcium syringe and needle shall be used for each individual
Injection in USP Units/mL using statistical methods for slope injection.■2S (USP34)

ratio assays. Express the potency of Heparin Calcium Injection
as a percentage of the potency stated on the label in terms of
USP Heparin Units/mL.

BRIEFINGAcceptance criteria:  90.0%–110.0%

SPECIFIC TESTS
• BACTERIAL ENDOTOXINS 〈85〉:  NMT 0.03 USP Endotoxin Unit/ Homatropine Methylbromide,  USP 32 page 2560. As part of

USP Heparin Unit USP monograph modernization efforts, the following changes
• PARTICULATE MATTER IN INJECTIONS 〈788〉:  Meets the require- are proposed for this monograph:

ments for small-volume injections 1.  Delete wet chemistry Identification tests C and D. In addi-
• PH 〈791〉:  5.0–7.5 tion, Identification test B by UV absorption is also deleted.
• OTHER REQUIREMENTS:  Meets the requirements for Injections 〈1〉 The remaining Identification tests are shown to be capable

of confirming the identity of the drug substance.ADDITIONAL REQUIREMENTS 2.  Replace the wet chemistry test for Homatropine, Atropine,• PACKAGING AND STORAGE:  Preserve in single-dose or multiple- and Other Solanaceous Alkaloids with a selective, stability-dose containers, preferably of Type 1 glass, and store at a tem- indicating HPLC procedure for Organic Impurities. It is alsoperature below 40°, preferably at room temperature. proposed to employ the same HPLC procedure for the As-• LABELING:  Label it to indicate the volume of the total contents say as a replacement for the titration procedure whichand the potency in terms of USP Heparin Units only per mL, utilizes mercuric acetate, and to change the acceptance cri-except that single-dose containers may be labeled additionally teria in the Definition from “NLT 98.5% and NMT 100.5%”to indicate the single unit-dose volume and the total number to “NLT 98.0% and NMT 102.0%”, which are typical forof USP Heparin Units. Where it is labeled with total content, chromatographic procedures. The liquid chromatographicthe label states also that the entire contents are to be used or, procedure used for both Assay and Organic Impurities hasif not, any remaining portion is to be discarded. Label it to been validated using the Inertsil ODS-3 brand of L1 col-indicate also the tissue and the animal species from which it is umn. The typical retention time for the homatropinederived. methylbromide is 4.8 min.
3.  Make changes in the tests for Residue on Ignition, pH and

Change to read: Loss on Drying, to make them consistent with the current
Homatropine Methylbromide monograph in the European
Pharmacopoeia.

• USP REFERENCE STANDARDS 〈11〉 4.  Add storage requirements under Packaging and Storage.
USP Endotoxin RS 5.  The chemical name is revised to clarify the stereochemistry
USP Heparin Sodium•for Assays• (RB 1-Oct-2009) RS■2S (USP34) and racemic nature of the molecule.

(MD-GRE: H. Ramanathan, E. Gonikberg.) RTS—C78571BRIEFING

Histoplasmin,  USP 32 page 2559. See Briefing under Antivenin
.(Crotalidae) Polyvalent monograph. Homatropine Methylbromide

(BB VV: M. Kibbey.) RTS—C90313 Change to read:

Delete the following:

 
.

■Histoplasmin C17H24BrNO3 370.28
8-Azoniabicyclo[3.2.1]octane, 3-(hydroxyphenylacetyl)oxy-8,8-di-

DEFINITION methyl-, bromide, endo-;■endo-(±)-;■2S (USP34)
Histoplasmin conforms to the regulations of the FDA concerning 3α-Hydroxy-8-methyl-1αH,5αH-tropanium bromide mandelate

biologics (see Biologics 〈1041〉). It is a clear, colorless, sterile [80-49-9].
solution containing standardized culture filtrates of Histoplasma
capsulatum grown on liquid synthetic medium. It has a potency DEFINITION
of the 1:100 dilution equivalent to and determined in terms of
the Histoplasmin Reference diluted 1:100 tested in guinea pigs.

Change to read:It may contain a suitable antimicrobial agent.

ADDITIONAL REQUIREMENTS
Homatropine Methylbromide contains NLT 98.5% and NMT• PACKAGING AND STORAGE:  Preserve at a temperature between

100.5% ■NLT 98.0% and NMT 102.0%■2S (USP34) of2° and 8°.
C17H24BrNO3, calculated on the dried basis.• EXPIRATION DATE:  The expiration date is not later than 2 years

after date of issue from the manufacturer’s cold storage (5°, 1
year).
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IDENTIFICATION Sample solution:  2.0 mg/mL of Homatropine Methylbromide
• A. INFRARED ABSORPTION 〈197K〉 in Diluent

[NOTE—If differences are observed, dissolve the specimen and Chromatographic system
the Reference Standard separately in methanol, and recrystal- (See Chromatography 〈621〉, System Suitability.)
lize by adding dioxane to each solution.] Mode:  LC

Detector:  UV 210 nm
Column:  4.6-mm × 15-cm column; 3-µm packing L1Delete the following: Flow rate:  1.4 mL/min
Injection size:  5 µL

System suitability■• B. ULTRAVIOLET ABSORPTION 〈197U〉
Sample:  System suitability solution and Standard solutionAnalytical wavelength:  258 nm
Suitability requirementsSample solution:  1 mg/mL in alcohol

[NOTE—The relative retention times for homatropine methyl-Acceptance criteria:  Absorptivities, calculated on the dried
bromide and homatropine hydrobromide are 1.0 and 1.14,basis, do not differ by more than 3.0%.■2S (USP34)
respectively.]

Resolution:  NLT 2.5 between homatropine methylbromide
Delete the following: and homatropine hydrobromide, System suitability solution

Tailing factor:  NMT 1.5 for homatropine methylbromide
peak, System suitability solution

■• C.  Mercuric-potassium iodide TS produces in a solution (1 in Relative standard deviation:  NMT 1%, Standard solution
50) a white or slightly yellowish precipitate, but no precipita- Analysis
tion is caused by solutions of alkali hydroxides or carbonates, Samples:  Standard solution and Sample solution
even in concentrated solutions of the substance (distinction Calculate the percentage of C17H24BrNO3 in the portion of
from most alkaloids).■2S (USP34) Homatropine Methylbromide taken:

Result = (rU/rS) × (CS/CU) × 100Delete the following:

rU = peak response of Homatropine Methylbromide
from the Sample solution■• D. PROCEDURE

rS = peak response of homatropine methylbromideAnalysis:  To a solution (1 in 50), add ammonium reineckate
from the Standard solutionTS.

CS = concentration of the Standard solution (mg/mL)Acceptance criteria:  A red precipitate is formed.■2S (USP34)
CU = concentration of the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0%, on the dried
Change to read: basis■2S (USP34)

 
• E.■B.■2S (USP34) IDENTIFICATION TESTS—GENERAL, Bromide 〈191〉 IMPURITIESSample solution:  50 mg/mL in water

ASSAY Change to read:

Change to read: Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.2%■0.1%■2S (USP34)

Procedure
Sample solution:  700 mg of Homatropine Methylbromide in Add the following:
a mixture of 50 mL of glacial acetic acid and 10 mL of mercu-
ric acetate TS. Add 1 drop of crystal violet TS.

Analysis:  Titrate with 0.1 N perchloric acid VS to a blue-green ■Organic Impurities
endpoint. Perform a blank determination, and make any nec- • PROCEDURE
essary correction. Each mL of 0.1 N perchloric acid is equiv- Solution A, Solution B, Diluent, Mobile phase, System suit-
alent to 37.03 mg of C17H24BrNO3. ability solution, and Sample solution:  Proceed as directed

Acceptance criteria:  98.5%–100.5% on the dried basis in the Assay.
■Solution A:  3.4 g/L of monobasic potassium phosphate and Standard solution:  0.01 mg/mL of USP Homatropine
5 g/L of 1-pentanesulfonic acid sodium salt in water. Adjust Methylbromide RS in Diluent
with a 330 g/L solution of phosphoric acid to a pH of 3.0. Chromatographic system:  Proceed as directed in the Assay,

Solution B:  Acetonitrile and Solution A (3:2) except for injection size.
Diluent:  Acetonitrile and Solution A (9:41) Injection size:  10 µL
Mobile phase:  See the gradient table below. System suitability

Sample:  System suitability solution
Suitability requirementsTime Solution A Solution B Resolution:  NLT 2.5 between homatropine methyl-(min) (%) (%) bromide and homatropine hydrobromide

0 70 30 Tailing factor:  NMT 1.5 for homatropine methylbromide
2 70 30 peak
15 30 70 Analysis

Samples:  Standard solution and Sample solution15.1 70 30
Calculate the percentage of any individual impurity in the20 70 30
portion of Homatropine Methylbromide taken:

System suitability solution:  0.01 mg/mL each of USP Homa-
Result = (rU/rS) × (CS/CU) ×100tropine Methylbromide RS and USP Homatropine

Hydrobromide RS in Diluent
rU = peak response of each individual impurity fromStandard solution:  2.0 mg/mL of USP Homatropine Methyl-

the Sample solutionbromide RS in Diluent
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rS = peak response of homatropine methylbromide Change to read:
from the Standard solution

CS = concentration of the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL) • USP REFERENCE STANDARDS 〈11〉
[NOTE—Reporting level for impurities is 0.05%.] USP Homatropine Methylbromide RS

Acceptance criteria ■USP Homatropine Hydrobromide RS■2S (USP34)

Individual impurities:  See Impurity Table 1.
Total impurities:  NMT 1.0%
[NOTE—Disregard the peak due to the bromide ion that

BRIEFINGelutes close to the solvent peak at about 1 min.]

Impurity Table 1
Influenza Virus Vaccine,  USP 32 page 2639. See briefing

Relative Acceptance under Antivenin (Crotalidae) Polyvalent monograph
Retention Criteria,

Name Time NMT %
Methyldehydrohoma- 0.94 0.5 (BBVV: M. Kibbey.) RTS—C90313
tropine bromidea

Homatropine methyl- 1.0 —
bromide

Homatropine 1.1 0.5
hydrobromide Delete the following:

Any other individual impu- — 0.1
rity

.

a (1R,3s,5S)-3-[[(2RS)-2-Hydroxy-2-phenylacetyl]oxy]-8,8-dimethyl-8-azoniabi-
cyclo[3.2.1]oct-6-ene. ■Influenza Virus Vaccine
 

DEFINITION
■2S (USP34)

Influenza Virus Vaccine conforms to the regulations of the FDA
concerning biologics (see Biologics 〈1041〉). It is a sterile, aque-SPECIFIC TESTS
ous suspension of suitably inactivated influenza virus types A
and B, either individually or combined, or virus sub-units pre-

Change to read: pared from the extra-embryonic fluid of influenza virus-infected
chicken embryo. The strains of influenza virus used in the prep-
aration of this Vaccine are those designated by the U.S. Gov-• PH 〈791〉:  4.5–6.5, in a solution (1 in 100) ernment’s Expert Committee on Influenza and recommended■Sample solution:  50 mg/mL in carbon dioxide-free by the Surgeon General of the U.S. Public Health Service. Influ-water■2S (USP34) enza Virus Vaccine has a composition of such strains and a
content of virus antigen of each, designated for the particular

Change to read: season, of NLT the specified weight (in micrograms) of influ-
enza virus hemagglutinin determined in specific radial-immu-
nodiffusion tests relative to the U.S. Reference Influenza Virus

• LOSS ON DRYING 〈731〉:  Dry a sample at 105° for 3 h■to con- Vaccine. It may contain a suitable antimicrobial agent. If
stant weight:■2S (USP34) it loses NMT 0.5% of its weight. formalin is used for inactivation, it contains NMT 0.02% of

residual free formaldehyde.
Delete the following: ADDITIONAL REQUIREMENTS

• PACKAGING AND STORAGE:  Preserve at a temperature between
2° and 8°.■• HOMATROPINE, ATROPINE, AND OTHER SOLANACEOUS ALKALOIDS

• EXPIRATION DATE:  The expiration date is not later than 18Sample solution:  To 1 mL of a solution (1 in 50), add a few
months after date of issue from manufacturer’s cold storagedrops of 6 N ammonium hydroxide, shake the solution with 5
(5°, 1 year).mL of chloroform, and evaporate the separated chloroform

• LABELING:  Label it to state that it is to be shaken before uselayer on a steam bath to dryness.
and that it is not to be frozen. Label it also to state that it wasAnalysis:  Warm the residue with 1.5 mL of a solution made
prepared in embryonated chicken eggs.■2S (USP34)by dissolving 500 mg of mercuric chloride in 25 mL of a mix-

ture of 5 volumes of alcohol and 3 volumes of water.
Acceptance criteria:  No yellow or red color develops.■2S (USP34)

ADDITIONAL REQUIREMENTS

Change to read:

• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-
tainers. ■Store at room temperature.■2S (USP34)
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BRIEFING Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/minLidocaine,  USP 32 page 2780. As part of monograph moderni-
Injection size:  20 µLzation, it is proposed to revise the following sections in the

System suitabilitymonograph:
Samples:  Standard solution and System suitability solution1.  Identification test B is being replaced with the chromato-
Suitability requirementsgraphic retention times from the Assay.

Resolution:  NLT 3.0 between lidocaine and methyl-2.  The test for Inorganic Impurities is revised to reference the
paraben, System suitability solutiongeneral chapter Chloride and Sulfate 〈221〉 in the test for

Relative standard deviation:  NMT 1.5%, Standard solutionSulfate. An acceptance criteria of NMT 0.1% is also being
Analysisadded.
Samples:  Standard solution and Sample solution3.  Storage temperature is being added to the Packaging and
Calculate the percentage of C14H22N2O in the portion of Lido-Storage section.
caine taken:

Result = (rU/rS) × (CS/CU) × 100
(MD-PS: L. Santos, M. Waddell.) RTS—C59053

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Lidocaine RS in the Stan-

. dard solution (mg/mL)
Lidocaine CU = concentration of Lidocaine in the Sample solution

(mg/mL)
Acceptance criteria:  97.5%–102.5%

IMPURITIES

 
Change to read:

C14H22N2O 234.34
Acetamide, 2-(diethylamino)-N-(2,6-dimethylphenyl)-; Inorganic Impurities
2-(Diethylamino)-2′,6′-acetoxylidide [137-58-6]. • RESIDUE ON IGNITION 〈281〉:  NMT 0.1%

• CHLORIDE AND SULFATE, Chloride 〈221〉:  Dissolve 1.0 g in a mix-DEFINITION ture of 3 mL of 2 N nitric acid and 12 mL of water, and add 1Lidocaine contains NLT 97.5% and NMT 102.5% of C14H22N2O. mL of silver nitrate TS: the turbidity does not exceed that
produced by 50 µL of 0.020 N hydrochloric acid (0.0035%).IDENTIFICATION

• CHLORIDE AND SULFATE, Sulfate:  Dissolve 200 mg in a mixture• A. INFRARED ABSORPTION 〈197K〉:  Previously dried in vacuum
of 2 mL of 2 N nitric acid and 20 mL of water, and filter ifover silica gel for 24 h
necessary. To one-half of the filtrate, add 1 mL of barium
chloride TS: no more turbidity is produced than is present in

Change to read: the remaining portion of the filtrate to which nothing has
been added.

■• CHLORIDE AND SULFATE, Sulfate 〈221〉:  Dissolve 100 mg in a• B.  To 100 mg dissolved in 1 mL of alcohol, add 10 drops of mixture of 1 mL of 2 N nitric acid and 10 mL of water. Filter ifcobaltous chloride TS, and shake the solution for 2 min. necessary, and add 1 mL of barium chloride TS. The turbidityAcceptance criteria:  A bright green color develops, and a fine does not exceed that produced by 0.10 mL of 0.020 N sulfu-precipitate is formed. ric acid (NMT 0.1%).■2S (USP34)■The retention time of the major peak of the Sample solution • HEAVY METALS, Method I 〈231〉:  20 ppm. Dissolve 1.0 g in acorresponds to that of the Standard solution, as obtained in mixture of 2 mL of 3 N hydrochloric acid and 10 mL of water.the Assay.■2S (USP34) Evaporate on a steam bath to dryness, and dissolve the resi-
due in 25 mL of water.ASSAY

• PROCEDURE SPECIFIC TESTSSolution A:  Water and glacial acetic acid (930:50). Adjust • MELTING RANGE OR TEMPERATURE 〈741〉:  66°–69°with 1 N sodium hydroxide to a pH of 3.40.
Mobile phase:  Acetonitrile and Solution A (1:4), so that the ADDITIONAL REQUIREMENTS
retention time of lidocaine is 4–6 min.

Standard solution:  Dissolve 85 mg of USP Lidocaine RS, with
Change to read:warming if necessary, in 0.5 mL of 1 N hydrochloric acid in a

50-mL volumetric flask, and dilute with Mobile phase to
volume. • PACKAGING AND STORAGE:  Preserve in well-closed containers.System suitability stock solution:  220 µg/mL of methyl-

■Store at room temperature.■2S (USP34)paraben in Mobile phase • USP REFERENCE STANDARDS 〈11〉System suitability solution:  Mix 2 mL of System suitability USP Lidocaine RSstock solution and 20 mL of Standard solution.
Sample solution:  Dissolve 85 mg of Lidocaine, with warming
if necessary, in 0.5 mL of 1 N hydrochloric acid in a 50-mL
volumetric flask. Dilute with Mobile phase to volume. BRIEFINGChromatographic system
(See Chromatography 〈621〉, System Suitability.)

Lidocaine Hydrochloride,  USP 32 page 2781. As part of mon-
ograph modernization, it is proposed to revise the following sec-
tions in the monograph:
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1.  Identification test B is being replaced with the chromato- Sample solution:  2 mg/mL of Lidocaine Hydrochloride in Mo-
graphic retention times from the Assay. bile phase

2.  The test for Inorganic Impurities is revised to reference the Chromatographic system
general chapter Chloride and Sulfate 〈221〉 in the test for (See Chromatography 〈621〉, System Suitability.)
Sulfate. An acceptance criteria of NMT 0.1% is also being Mode:  LC
added. Detector:  UV 254 nm

3.  Storage temperature is being added to the Packaging and Column:  3.9-mm × 30-cm; packing L1
Storage section. Flow rate:  1.5 mL/min

Injection size:  20 µL
System suitability
Samples:  Standard solution and System suitability solution(MD-PS: L. Santos, M. Waddell.) RTS—C59053 Suitability requirements

Resolution:  NLT 3.0 between lidocaine and methyl-
paraben, System suitability solution

Relative standard deviation:  NMT 1.5%, Standard solution
.

AnalysisLidocaine Hydrochloride Samples:  Standard solution and Sample solution
Calculate the percentage of C14H22N2O · HCl in the portion of

C14H22N2O · HCl · H2O 288.81 Lidocaine Hydrochloride taken:
Acetamide, 2-(diethylamino)-N-(2,6-dimethylphenyl)-, monohy-

drochloride, monohydrate; Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
2-(Diethylamino)-2’,6’-acetoxylidide monohydrochloride monohy-

drate [6108-05-0]. rU = peak response from the Sample solution
Anhydrous 270.80 rS = peak response from the Standard solution

 [73-78-9]. CS = concentration of USP Lidocaine RS in the Stan-
dard solution (mg/mL)

DEFINITION CU = concentration of Lidocaine Hydrochloride in the
Lidocaine Hydrochloride contains NLT 97.5% and NMT 102.5% Sample solution (mg/mL)

of C14H22N2O · HCl, calculated on the anhydrous basis. Mr1 = molecular weight of lidocaine hydrochloride,
270.80IDENTIFICATION Mr2 = molecular weight of lidocaine, 234.34• A.INFRARED ABSORPTION 〈197K〉 Acceptance criteria:  97.5%–102.5% on the anhydrous basisSample:  Dissolve 300 mg in 5–10 mL of water in a separator,

add 4 mL of 6 N ammonium hydroxide, and extract with four IMPURITIES
15-mL portions of chloroform. Combine the chloroform ex-
tracts, evaporate with the aid of a current of warm air, and

Change to read:dry the residue in vacuum over silica gel for 24 h.
Standard:  Prepare as directed in 〈197K〉, using USP Lidocaine
RS. Inorganic Impurities

• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
Change to read: • CHLORIDE AND SULFATE, Sulfate:  Dissolve 200 mg in 20 mL of

water, add 2 mL of 3 N hydrochloric acid, mix, and divide
into two parts. To one part of the solution, add 1 mL of bar-

• B.  Dissolve 100 mg of Sample from Identification -A in 1 mL ium chloride TS. No more turbidity is produced than is pres-
of alcohol, add 10 drops of cobaltous chloride TS, and shake ent in the remaining portion of the solution to which nothing
the solution for 2 min. has been added.

Acceptance criteria:  A bright color develops, and a fine pre- ■• CHLORIDE AND SULFATE, Sulfate 〈221〉:  Dissolve 100 mg in 10
cipitate is formed. mL of water, add 1 mL of 3 N hydrochloric acid. Mix, and
■The retention time of the major peak of the Sample solution add 1 mL of barium chloride TS. The turbidity does not ex-
corresponds to that of the Standard solution, as obtained in ceed that produced by 0.10 mL of 0.020 N sulfuric acid (NMT
the Assay.■2S (USP34) 0.1%).■2S (USP34)

• C. IDENTIFICATION TESTS—GENERAL, Chloride 〈191〉:  Its solution • HEAVY METALS, Method I 〈231〉:  20 ppm
meets the requirements.

SPECIFIC TESTS
ASSAY • MELTING RANGE OR TEMPERATURE 〈741〉:  74°–79°
• PROCEDURE [NOTE—The preliminary drying treatment is omitted.]

Solution A:  Water and glacial acetic acid (930:50). Adjust • WATER DETERMINATION, Method I 〈921〉:  5.0%–7.0%
with 1 N sodium hydroxide to a pH of 3.40. • STERILITY TESTS 〈71〉:  Where the label states that Lidocaine Hy-

Mobile phase:  Acetonitrile and Solution A (1:4), so that the drochloride is sterile, it meets the requirements.
retention time of lidocaine is 4–6 min • BACTERIAL ENDOTOXINS TEST 〈85〉:  Where the label states that

Standard solution:  Dissolve 85 mg of USP Lidocaine RS, with Lidocaine Hydrochloride is sterile or must be subjected to fur-
warming if necessary, in 0.5 mL of 1 N hydrochloric acid in a ther processing during the preparation of injectable dosage
50-mL volumetric flask, and dilute with Mobile phase to vol- forms, it contains NMT 1.1 USP Endotoxin Units/mg of lido-
ume (1.7 mg/mL of lidocaine). caine hydrochloride.

System suitability stock solution:  220 µg/mL of methyl-
paraben in Mobile phase

System suitability solution:  Mix 2 mL of System suitability
stock solution and 20 mL of Standard solution.
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ADDITIONAL REQUIREMENTS jector or for use by either jet or syringe injection, whichever is
applicable. Label the Vaccine in single-dose containers, if such
containers are not light-resistant, to state that it should beChange to read: protected from sunlight. Label it also to state that constituted
Vaccine should be discarded if not used within 8 h.■2S (USP34)

• PACKAGING AND STORAGE:  Preserve in well-closed containers.
■Store at room temperature.■2S (USP34)

• LABELING:  Where it is intended for use in preparing injectable BRIEFINGdosage forms, the label states that it is sterile or must be sub-
jected to further processing during the preparation of inject-
able dosage forms.

Measles, Mumps, and Rubella Virus Vaccine Live,  USP 32• USP REFERENCE STANDARDS 〈11〉
page 2852. See Briefing under Antivenin (Crotalidae) PolyvalentUSP Endotoxin RS
monograph.USP Lidocaine RS

(BB VV: M. Kibbey.) RTS—C90313
BRIEFING

Measles Virus Vaccine Live,  USP 32 page 2852. See Briefing
under Antivenin (Crotalidae) Polyvalent monograph. Delete the following:

.(BB VV: M. Kibbey.) RTS—C90313
■Measles, Mumps, and Rubella Virus
Vaccine Live

DEFINITION
Delete the following: Measles, Mumps, and Rubella Virus Vaccine Live conforms to the

regulations of the FDA concerning biologics (see Biologics
〈1041〉). It is a bacterially sterile preparation of a combination

. of live measles virus, live mumps virus, and live rubella virus
■Measles Virus Vaccine Live such that each component is prepared in conformity with and

meets the requirements for Measles Virus Vaccine Live, for
Mumps Virus Vaccine Live, and for Rubella Virus Vaccine Live,DEFINITION
whichever is applicable. Each component provides an immuniz-Measles Virus Vaccine Live conforms to the regulations of the FDA
ing dose and meets the requirements of the corresponding Vi-concerning biologics (630.30 to 630.37) (see Biologics 〈1041〉).
rus Vaccine in the total dosage prescribed in the labeling. ItIt is a bacterially sterile preparation of live virus derived from a
may contain suitable antimicrobial agents.strain of measles virus tested for neurovirulence in monkeys, for

safety, and for immunogenicity, free from all demonstrable via-
ADDITIONAL REQUIREMENTSble microbial agents except unavoidable bacteriophage, and
• PACKAGING AND STORAGE:  Preserve in single-dose containers, orfound suitable for human immunization. The strain is grown for

light-resistant, multiple-dose containers, at a temperature be-purposes of vaccine production on chicken embryo primary cell
tween 2° and 8°. Multiple-dose containers for 50 doses aretissue cultures derived from pathogen-free flocks and meets the
adapted for use only in jet injectors, and those for 10 dosesrequirements of the specific safety tests in adult and suckling
for use by jet or syringe injection.mice; the requirements of the tests in monkey kidney, chicken

• EXPIRATION DATE:  The expiration date is 1 to 2 years, depend-embryo, and human tissue cell cultures and embryonated eggs;
ing on the manufacturer’s data, after date of issue from manu-and the requirements of the tests for absence of Mycobacterium
facturer’s cold storage (–20°, 1 year).tuberculosis and of avian leucosis, unless the production cultures

• LABELING:  Label the Vaccine in multiple-dose containers to in-were derived from certified avian leucosis-free sources and the
dicate that the contents are intended solely for use by jet in-control fluids were tested for avian leucosis. The strain cultures
jector or for use by either jet or syringe injection, whichever isare treated to remove all intact tissue cells. The Vaccine meets
applicable. Label the Vaccine in single-dose containers, if suchthe requirements of the specific tissue culture test for live virus
containers are not light-resistant, to state that it should betiter, in a single immunizing dose, of NLT the equivalent of
protected from sunlight. Label it also to state that constituted1000 TCID50 (quantity of virus estimated to infect 50% of inoc-
Vaccine should be discarded if not used within 8 h.■2S (USP34)ulated cultures × 1000) when tested in parallel with the U.S.

Reference Measles Virus, Live Attenuated. It may contain suita-
ble antimicrobial agents.

BRIEFINGADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in single-dose containers, or

light-resistant, multiple-dose containers, at a temperature be-
tween 2° and 8°. Multiple-dose containers for 50 doses are Measles and Rubella Virus Vaccine Live,  USP 32 page 2852.
adapted for use only in jet injectors, and those for 10 doses See Briefing under Antivenin (Crotalidae) Polyvalent monograph.
for use by jet or syringe injection.

• EXPIRATION DATE:  The expiration date is 1 to 2 years, depend-
ing on the manufacturer’s data, after date of issue from the (BB VV: M. Kibbey.) RTS—C90313manufacturer’s cold storage (–20°, 1 year).

• LABELING:  Label the Vaccine in multiple-dose containers to in-
dicate that the contents are intended solely for use by jet in-

2010 The United States Pharmacopeial Convention All Rights Reserved.

In-Process Revision



Pharmacopeial Forum
1194 IN-PROCESS REVISION Vol. 36(5) [Sept.–Oct. 2010]

• LABELING:  Label it to state that it was prepared in embryo-Delete the following:
nated chicken eggs and that a separate syringe and needle are
to be used for each individual injection.■2S (USP34)

.

■Measles and Rubella Virus Vaccine Live
BRIEFINGDEFINITION

Measles and Rubella Virus Vaccine Live conforms to the regula-
tions of the FDA concerning biologics (see Biologics 〈1041〉). It

Mumps Virus Vaccine Live,  USP 32 page 3011. See Briefingis a bacterially sterile preparation of a combination of live mea-
under Antivenin (Crotalidae) Polyvalent monograph.sles virus and live rubella virus such that each component is

prepared in conformity with and meets the requirements for
Measles Virus Vaccine Live and for Rubella Virus Vaccine Live,
whichever is applicable. Each component provides an immuniz- (BB VV: M. Kibbey.) RTS—C90313
ing dose and meets the requirements of the corresponding Vi-
rus Vaccine in the total dosage prescribed in the labeling. It
may contain suitable antimicrobial agents.

ADDITIONAL REQUIREMENTS
Delete the following:• PACKAGING AND STORAGE:  Preserve in single-dose containers, or

light-resistant, multiple-dose containers, at a temperature be-
tween 2° and 8°. Multiple-dose containers for 50 doses are

.adapted for use only in jet injectors, and those for 10 doses
■Mumps Virus Vaccine Livefor use by jet or syringe injection.

• EXPIRATION DATE:  The expiration date is 1 to 2 years, depend-
ing on the manufacturer’s data, after date of issue from manu- DEFINITION
facturer’s cold storage (–20°, 1 year). Mumps Virus Vaccine Live conforms to the regulations of the FDA

• LABELING:  Label the Vaccine in multiple-dose containers to in- concerning biologics (630.50–630.57) (see Biologics 〈1041〉). It
dicate that the contents are intended solely for use by jet in- is a bacterially sterile preparation of live virus derived from a
jector or for use by either jet or syringe injection, whichever is strain of mumps virus tested for neurovirulence in monkeys,
applicable. Label the Vaccine in single-dose containers, if such and for immunogenicity, free from all demonstrable viable mi-
containers are not light-resistant, to state that it should be crobial agents except unavoidable bacteriophage, and found
protected from sunlight. Label it also to state that constituted suitable for human immunization. The strain is grown for the
Vaccine should be discarded if not used within 8 h.■2S (USP34) purpose of vaccine production on chicken embryo primary cell

tissue cultures derived from pathogen-free flocks, meets the re-
quirements of specific safety tests in adult and suckling mice;
the requirements of tests in monkey kidney, chicken embryo,

BRIEFING and human tissue cell cultures and embryonated eggs; and the
requirements of tests for absence of Mycobacterium tuberculosis
and of avian leucosis virus, unless the production cultures were
derived from certified avian leucosis-free sources and the con-Mumps Skin Test Antigen,  USP 32 page 3011. See Briefing
trol fluids were tested for avian leucosis virus. The strain cul-under Antivenin (Crotalidae) Polyvalent monograph.
tures are treated to remove all intact tissue cells. The Vaccine
meets the requirements of the specific tissue culture test for live
virus titer, in a single immunizing dose, of NLT the equivalent(BB VV: M. Kibbey.) RTS—C90313 of 5000 TCID50 (quantity of virus estimated to infect 50% of
inoculated cultures × 5000) when tested in parallel with the
U.S. Reference Mumps Virus, Live. It may contain suitable anti-
microbial agents.

ADDITIONAL REQUIREMENTSDelete the following:
• PACKAGING AND STORAGE:  Preserve in single-dose containers, or

in light-resistant, multiple-dose containers, at a temperature
. between 2° and 8°. Multiple-dose containers for 50 doses are

adapted for use only in jet injectors, and those for 10 doses■Mumps Skin Test Antigen
for use by jet or syringe injection.

• EXPIRATION DATE:  The expiration date is 1 to 2 years, depend-DEFINITION
ing on the manufacturer’s data, after date of issue from manu-Mumps Skin Test Antigen conforms to the regulations of the FDA
facturer’s cold storage (−20°, 1 year).concerning biologics (see Biologics 〈1041〉). It is a sterile suspen-

• LABELING:  Label the Vaccine in multiple-dose containers to in-sion of formaldehyde-inactivated mumps virus prepared from
dicate that the contents are intended solely for use by jet in-the extra-embryonic fluids of the mumps virus-infected chicken
jector or for use by either jet or syringe injection, whichever isembryo, concentrated and purified by differential centrifuga-
applicable. Label the Vaccine in single-dose containers, if suchtion, and diluted with isotonic sodium chloride solution. It con-
containers are not light resistant, to state that it should betains NLT 20 complement-fixing units in each mL. It contains
protected from sunlight. Label the Vaccine in any container toapproximately 0.006 M glycine as a stabilizing agent, and it
state that constituted Vaccine should be discarded if not usedcontains a preservative.
within 8 h.■2S (USP34)

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve at a temperature between

2° and 8°.
• EXPIRATION DATE:  The expiration date is not later than 18

months after date of manufacture or date of issue from manu-
facturer’s cold storage (5°, 1 year).
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BRIEFING Acceptance criteria:  Any red fluorescent spot produced by
the Sample solution at an RF value of about 0.4, and any yel-
low fluorescent spot produced by the Sample solution at an RF

value of about 0.2, are not greater in size and intensity thanNorethindrone Acetate and Ethinyl Estradiol Tablets,  USP
the corresponding spots from Standard solution A and Stan-32 page 3109. As part of USP’s monograph modernization ef-
dard solution B, respectively.■2S (USP34)forts, the following changes are being proposed:

1.  Replace the UV spectrophotometric Assays for Norethindrone
Acetate and Ethinyl Estradiol, which involve multiple extrac- Add the following:
tion steps, with a stability-indicating HPLC procedure that
quantitates each active component in a single procedure.

2.  Delete the test for Infrared Absorption because it cross-refer- ■The retention times of the major peaks of the Sample solution
ences the Assay for Ethinyl Estradiol. correspond to those of the Standard solution, as obtained in

3.  The Thin-Layer Chromatographic Identification Test is being the Assay.■2S (USP34)
deleted and replaced with a retention time agreement for

ASSAYboth components in the Assay.
4.  The Procedure for content uniformity for ethinyl estradiol and

the Procedure for content uniformity for norethindrone acetate Delete the following:are being deleted because the changes proposed in the
Assay make the separate special procedures unnecessary.

5.  Storage conditions are being added to the Packaging and ■• NORETHINDRONE ACETATE
Storage section. Standard solution:  15 µg/mL of USP Norethindrone Acetate

The liquid chromatographic procedure in the Assay is based on RS in alcohol
analyses performed with a Phenomenex Luna C18(2) brand of L1 Sample solution:  Place 20 Tablets in a 125-mL separator, add
column. The typical retention times for ethinyl estradiol and 20 mL of water, and shake until the Tablets have disintegrated
norethindrone acetate are about 8 min and 27 min, respectively. completely. Extract with three 30-mL portions of chloroform,

filtering each extract through chloroform-moistened cotton
into a round-bottom, 250-mL flask. Evaporate the combined
extracts under vacuum to dryness, with the aid of gentle heat(SM4: M. Waddell.) RTS—C86381
(NMT 40°). Cool, add 5 mL of water and 100.0 mL of a
mixture of isooctane and toluene (3:2), insert the stopper, and
shake for 2–3 min. Transfer a volume of the supernatant isooc-
tane–toluene solution, containing about 1.5 mg of norethin-

.

drone acetate, to a round-bottom, 250-mL flask, and similarlyNorethindrone Acetate and Ethinyl
evaporate under vacuum to dryness, taking care to ensureEstradiol Tablets complete removal of residual toluene. [NOTE—Retain the re-
maining isooctane–toluene solution for the Assay for Ethinyl

DEFINITION Estradiol.] Dissolve the residue in 100.0 mL of alcohol.
Norethindrone Acetate and Ethinyl Estradiol Tablets contain NLT Spectrometric conditions

90.0% and NMT 110.0% of the labeled amount of norethin- (See Spectrophotometry and Light-Scattering 〈851〉.)
drone acetate (C22H28O3), and NLT 88.0% and NMT 112.0% of Mode:  UV-Vis
the labeled amount of ethinyl estradiol (C20H24O2). Analytical wavelength:  Maximum at about 240 nm

Cell:  1 cmIDENTIFICATION Blank:  Alcohol
Analysis

Delete the following: Samples:  Standard solution, Sample solution, and Blank
Calculate the amount, in mg, of C22H28O3 in the volume of
isooctane–toluene solution of the Tablets taken:

■• A. INFRARED ABSORPTION 〈197K〉
Sample:  Wash the isooctane–toluene solution obtained in the Result = (AU/AS) × C × 0.1
Assay for Ethinyl Estradiol with 5 mL of water, filter, and evap-
orate to dryness.■2S (USP34) AU = absorbance of the Sample solution

AS = absorbance of the Standard solution
C = concentration of USP Norethindrone Acetate RSDelete the following: in the Standard solution (µg/mL)

Acceptance criteria:  90.0%–110.0%■2S (USP34)

■• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
Standard solution A:  An alcohol solution containing in each Delete the following:
mL an amount of USP Norethindrone Acetate RS correspond-
ing to the labeled quantity of norethindrone acetate/Tablet

Standard solution B:  50 µg/mL of USP Ethinyl Estradiol RS in ■• ETHINYL ESTRADIOL
alcohol Standard solution:  Transfer 10.0 mL of a toluene solution of

Sample solution:  Crush 1 Tablet in 1 mL of alcohol in a 15- USP Ethinyl Estradiol RS, containing in each mL a known
mL conical centrifuge tube, and centrifuge briefly. amount of ethinyl estradiol equal to one-half of the labeled

Adsorbent:  Use either a 0.1-mm or a 0.25-mm layer of chro- quantity/Tablet, to a 125-mL separator containing 15.0 mL of
matographic silica gel mixture as described in the chapter. isooctane.
Activate the plate at 105° for 60 min immediately before use. Sample solution:  Transfer 25.0 mL of the isooctane–toluene

Application volume:  5 µL solution prepared from the Tablets as directed in the Assay for
Developing solvent system:  Chloroform and glacial acetic Norethindrone Acetate to a 125-mL separator, avoiding me-
acid (95:5) chanical transfer of any of the aqueous phase.

Analysis:  Proceed as directed in the chapter, except to heat Spectrometric conditions
the plate in an oven at 105° for 10 min after the solvent (See Spectrophotometry and Light-Scattering 〈851〉.)
evaporates. Remove the plate from the oven, and while it is
still hot, spray lightly with dilute sulfuric acid (3 in 4). Observe
the plate under long-wavelength UV light.
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Mode:  UV-Vis Tailing factor:  NMT 2.0, ethinyl estradiol and norethin-
Analytical wavelength:  Maximum at about 536 nm drone acetate
Cell:  1 cm Relative standard deviation:  NMT 2.0%, ethinyl estradiol
[NOTE—Use 2-cm cells for Tablets labeled to contain 30 µg or and norethindrone acetate
less of ethinyl estradiol.] Analysis

Blank:  Water Samples:  Standard solution and Sample solution
Analysis Calculate the percentage of the labeled amount of C22H28O3

Samples:  Standard solution, Sample solution, and Blank and C20H24O2 in the portion of Tablets taken:
Add 10.0 mL of a 1 in 25 solution of sodium hydroxide in

Result = (rU/rS) × (CS/CU) × 100dilute alcohol (1 in 10) to each of the separators containing
the Sample solution and the Standard solution, and shake

rU = peak response of the corresponding analyte fromgently for 3 min. Allow to settle, and transfer the sodium
the Sample solutionhydroxide solution from each separator into suitable con-

rS = peak response of the corresponding analyte fromtainers. [NOTE—Retain the isooctane–toluene solution for
the Standard solutionIdentification test A.]

CS = concentration of the appropriate USP ReferenceAdd, dropwise, 5.0 mL of the sodium hydroxide extract from
Standard in the Standard solution (µg/mL)the Sample solution to 25.0 mL of dilute sulfuric acid (4 in

CU = nominal concentration of the corresponding5) contained in a 150-mL beaker and previously chilled in
analyte in the Sample solution (µg/mL)an ice bath. Stir the acid solution continuously during the

Acceptance criteria:  90.0%–110.0% of the labeled amount ofaddition with the aid of a magnetic stirrer, and keep it in
C22H28O3; 88.0%–112.0% of the labeled amount ofthe ice bath. [NOTE—Stir the acid solution rapidly, and intro-
C20H24O2■2S (USP34)duce the alkaline solution near the perimeter of the rapidly

swirling acid solution, rather than near the vortex. Add the PERFORMANCE TESTSalkaline solution slowly, dropwise.] Treat 5.0 mL of the so- • DISSOLUTION 〈711〉dium hydroxide solution from the Standard solution in the 0.025 M Acetate buffer solution:  Transfer 5.22 g of anhy-same manner, and allow the solutions to reach room tem- drous sodium acetate and 2.2 g of glacial acetic acid to a 4-Lperature. Concomitantly determine the absorbances of both volumetric flask, add 3.5 mL of water, and adjust with 1 Nsamples, using the Spectrometric conditions described above. sodium hydroxide to a pH of 5.0 ± 0.2. Dilute with water toCalculate the amount, in µg, of C20H24O2 in the portion of volume.isooctane–toluene solution taken: Medium:  0.025 M Acetate buffer solution with 0.15% sodium
lauryl sulfate, prepared by weighing 6 g of sodium lauryl sul-Result = (AU/AS) × C × 10
fate into a 4-L volumetric flask, adding 1.5 L of 0.025 M Ace-
tate buffer solution, mixing, and diluting with 0.025 M AcetateAU = absorbance of the solution from the Sample solu-
buffer solution to volume; 600 mLtion

Apparatus 2:  75 rpmAS = absorbance of the solution from the Standard
Time:  60 minsolution
Mobile phase:  0.2% phosphoric acid, acetonitrile, and tetra-C = concentration of USP Ethinyl Estradiol RS in the
hydrofuran (540:380:80)Standard solution (µg/mL)

Standard solution:  USP Norethindrone Acetate RS and USPAcceptance criteria:  88.0%–112.0%■2S (USP34)
Ethinyl Estradiol RS dissolved in a minimum amount of
acetonitrile, and diluted with Medium to obtain a solution hav-

Add the following: ing known concentrations equivalent to the expected concen-
trations of the solution under test

Sample solution:   Withdraw a 2-mL aliquot, using a glass
■• PROCEDURE pipet or syringe, and centrifuge at about 2000 rpm for aboutMobile phase:  Acetonitrile, methanol, and water (40:5:55) 5 min. Use the supernatant as the Sample solution.Diluent:  Acetonitrile and water (1:1) Chromatographic systemStandard solution:  90 µg/mL of USP Norethindrone Acetate (See Chromatography 〈621〉, System Suitability.)RS and 1.76 µg/mL of USP Ethinyl Estradiol RS in Diluent Mode:  LCSample solution:  Transfer an appropriate number of Tablets, Detector:  UV 242 nm detector and a fluorescence detectorNLT 20, to a volumetric flask, such that the final concentration with an excitation wavelength set at 210 nm and an emis-is 100 µg/mL of norethindrone acetate based on the label sion wavelength set at 310 nmclaim. Fill the flask with Diluent to about 75% of volume, and Column:  6-mm × 40-mm; 3-µm packing L1disintegrate the Tablets by mechanical shaking and sonication. Guard column:  4-mm × 12.5-mm; 5-µm packing L1Allow the solution to equilibrate to room temperature and di- Flow rate:  1 mL/minlute with Diluent to volume. Centrifuge a portion of the solu- Injection size:  200 µLtion using glass centrifuge tubes and use the clear System suitabilitysupernatant. Sample:  Standard solutionChromatographic system Suitability requirements(See Chromatography 〈621〉, System Suitability.) Column efficiency:  NLT 500 theoretical plates for ethinylMode:  LC estradiol and NLT 1400 theoretical plates for norethin-Detector:  UV 200 nm drone acetateColumn:  4.6-mm × 15-cm; 5-µm packing L1 Tailing factor:  NMT 2.0 for norethindrone acetate andFlow rate:  1.5 mL/min ethinyl estradiolInjection size:  100 µL Relative standard deviation:  NMT 2.5% for norethin-System suitability drone acetate and ethinyl estradiolSample:  Standard solution Analysis[NOTE—The relative retention times for ethinyl estradiol and Samples:  Standard solution and Sample solutionnorethindrone acetate are about 0.28 and 1.0, respectively.] Tolerances:  NLT 80% (Q) of the labeled amounts of C22H28O3Suitability requirements and C20H24O2 is dissolved.Resolution:  NLT 10.0 between ethinyl estradiol and

norethindrone acetate

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1197

■
■2S (USP34)Change to read:

ADDITIONAL REQUIREMENTS
• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

Procedure for content uniformity for ethinyl estradiol Change to read:
Standard solution:  Transfer 8.0 mL of a solution of USP
Ethinyl Estradiol RS in toluene, containing in each mL an
amount of ethinyl estradiol equal to one-tenth of the labeled • PACKAGING AND STORAGE:  Preserve in well-closed containers.
quantity per Tablet, to a separator, and add 12 mL of ■Store at controlled room temperature.■2S (USP34)
isooctane. • USP REFERENCE STANDARDS 〈11〉

Sample solution:  Place 1 Tablet in a 125-mL separator, add USP Ethinyl Estradiol RS
5 mL of water, and shake until the Tablet has disintegrated USP Norethindrone Acetate RS
completely. Add 25.0 mL of a mixture of toluene and isooc-
tane (3:2), shake thoroughly, allow to settle, and remove and
discard the aqueous phase. Transfer 20.0 mL of the isooc-
tane–toluene solution to a second 125-mL separator, avoid- BRIEFING
ing mechanical transfer of any of the aqueous phase.

Spectrometric conditions
(See Spectrophotometry and Light-Scattering 〈851〉.) Olmesartan Medoxomil.  Because there is no existing USP
Mode:  UV-Vis monograph for this drug substance, a new monograph is pro-
Analytical wavelength:  536 nm posed based on validated methods. The liquid chromatographic
Cell:  5 cm procedure in the test for Organic Impurities is based on analyses
Blank:  Water performed using a 3.5-µm Symmetry brand column of packing

Analysis L7. The typical retention time of the olmesartan medoxomil
Samples:  Standard solution, Sample solution, and Blank peak is about 10 min. The test for the Assay is based on analysis
To the separators containing the Sample solution and the performed using a 5-µm L-column ODS of packing L1. The typi-
Standard solution, add 8.0 mL of a 1 in 25 solution of cal retention time of the olmesartan medoxomil peak is about
sodium hydroxide in dilute alcohol (1 in 10), shake, allow 16 min.
to settle, and transfer the sodium hydroxide solution from
each separator into separate suitable containers. Proceed as
directed in the Assay for Ethinyl Estradiol, beginning with

(MD-CV: S. Ramakrishna.) RTS—C69627“Add, dropwise, 5.0 mL of the sodium hydroxide extract”,
but determine the absorbances using 5-cm cells.

Calculate the quantity, in µg, of C20H24O2 in the Tablet
taken:

Result = (AU/AS) × C × 10 Add the following:

AU = absorbance of the Sample solution
AS = absorbance of the Standard solution

.

C = concentration of the Standard solution in toluene ■Olmesartan Medoxomil
(µg/mL)

Procedure for content uniformity for norethindrone acetate
Standard solution:  10 µg/mL of USP Norethindrone Acetate
RS in alcohol

Sample solution:  Transfer 1 finely powdered Tablet to a 100-
mL volumetric flask with the aid of 75 mL of alcohol, heat to
boiling, and allow to remain at a temperature just below the
boiling temperature for about 15 min, with occasional
swirling. Cool to room temperature, dilute with alcohol to
volume, and mix. Centrifuge a portion of the contents at
about 2000 rpm until the solution becomes clear. If neces-  
sary, dilute a portion of the supernatant quantitatively with C29H30N6O6 558.59alcohol to obtain a final concentration of 10 µg/mL. 1H-Imidazole-5-carboxylic acid, 4-(1-hydroxy-1-methylethyl)-2-Spectrometric conditions propyl-1-[[2′-(1H-tetrazol-5-yl) [1,1′-biphenyl]-4-yl]methyl]-, (5-(See Spectrophotometry and Light-Scattering 〈851〉.) methyl-2-oxo-1,3-dioxol-4-yl)methyl ester [144689-63-4].Mode:  UV
Analytical wavelength:  Maximum at about 240 nm DEFINITION
Cell:  1 cm Olmesartan Medoxomil contains NLT 98.5% and NMT 101.5% of
Blank:  Alcohol C29H30N6O6, calculated on the anhydrous and solvent-free basis.

Analysis
Samples:  Standard solution, Sample solution, and Blank IDENTIFICATION
Calculate the amount, in mg, of C22H28O3 in the Tablet • A. INFRARED ABSORPTION 〈197K〉
taken: • B.  The ratio of the retention time of the major peak to that of

the internal standard of the Sample solution corresponds to
Result = (AU/AS) × C × (T/D) that of the Standard solution, as obtained in the Assay.

AU = absorbance of the Sample solution ASSAY
AS = absorbance of the Standard solution • PROCEDURE
C = concentration of USP Norethindrone Acetate RS [NOTE—The Standard solution and Sample solution are stable

in the Standard solution (µg/mL) for 24 h at 5°.]
T = labeled quantity of norethindrone acetate in the Diluted phosphoric acid:  0.2% phosphoric acid

Tablet (mg) Buffer:  0.015 M monobasic potassium phosphate. Adjust the
D = concentration of norethindrone acetate in the solution with Diluted phosphoric acid (w/v) to a pH of 3.4.

Sample solution, based on the labeled quanti-
ty/Tablet and the extent of dilution (µg/mL)
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Mobile phase:  Acetonitrile and Buffer (17:33) System suitability solution:  0.01 mg/mL each of USP
Diluent 1:  Acetonitrile and water (4:1) Olmesartan Medoxomil RS and USP Olmesartan Medoxomil
Diluent 2:  Acetonitrile and water (2:3) Related Compound A RS in acetonitrile
Internal standard solution:  0.5 mg/mL of 4-hydroxybenzoic Standard solution:  0.01 mg/mL of USP Olmesartan Medox-
acid isobutyl ester in Diluent 2. [NOTE—This solution is stable omil RS in acetonitrile
for 1 month at room temperature.] Sample solution:  1 mg/mL of Olmesartan Medoxomil in

Standard stock solution:  1 mg/mL of USP Olmesartan acetonitrile
Medoxomil RS in Diluent 1 Chromatographic system

Standard solution:  0.05 mg/mL of USP Olmesartan Medox- (See Chromatography 〈621〉, System Suitability.)
omil RS from the Standard stock solution and 0.025 mg/mL of [NOTE—A guard column of 4.6-mm × 5-cm of packing L7
p-hydroxybenzoic acid isobutyl ester from the Internal stan- may be used.]
dard solution in Diluent 2 Mode:  LC

Sample stock solution:  1 mg/mL of Olmesartan Medoxomil Detector:  UV 250 nm
in Diluent 1 Column:  4.6-mm × 10-cm; 3.5-µm packing L7

Sample solution:  0.05 mg/mL of Olmesartan Medoxomil Column temperature:  40°
from the Sample stock solution and 0.025 mg/mL of p-hy- Flow rate:  1 mL/min
droxybenzoic acid isobutyl ester from the Internal standard so- Injection size:  10 µL
lution in Diluent 2 System suitability

Chromatographic system Suitability requirements
(See Chromatography 〈621〉, System Suitability.) Sample:  System suitability solution
Mode:  LC Resolution:  NLT 5 between olmesartan medoxomil and
Detector:  UV 250 nm olmesartan medoxomil related compound A
Column:  4.6-mm × 15-cm; 5-µm packing L1 Relative standard deviation:  NMT 2.0% for the
Column temperature:  40° olmesartan medoxomil peak
Flow rate:  1 mL/min Analysis
Injection size:  10 µL Samples:  Standard solution and Sample solution

System suitability Calculate the percentage of each impurity in the portion of
Sample:  Standard solution Olmesartan Medoxomil taken:
Suitability requirements

Result = (rU/rS) × (CS/CU) × (1/F) × 100Resolution:  NLT 4 between olmesartan medoxomil and p-
hydroxybenzoic acid isobutyl ester

rU = peak response of each impurity from the SampleRelative standard deviation:  NMT 0.5% for the peak ratio
solutionof olmesartan medoxomil and the internal standard

rS = peak response of olmesartan medoxomil fromAnalysis
the Standard solutionSamples:  Standard solution and Sample solution

CS = concentration of USP Olmesartan Medoxomil RSCalculate the percentage of Olmesartan Medoxomil in the
in the Standard solution (mg/mL)portion taken:

CU = concentration of Olmesartan Medoxomil in the
Sample solution (mg/mL)Result = (RU/RS) × (CS/CU) × 100

F = relative response factor (see the Impurity Table)
RU = ratio of the peak areas of olmesartan medoxomil Acceptance criteria

and p-hydroxybenzoic acid isobutyl ester from Individual impurities:  See the Impurity Table.
the Sample solution Total impurities:  NMT 1.3%. [NOTE—Disregard any peak

RS = ratio of the peak areas of olmesartan medoxomil below 0.05%.]
and p-hydroxybenzoic acid isobutyl ester from
the Standard solution Impurity Table

CS = concentration of USP Olmesartan Medoxomil RS
in the Standard solution (mg/mL) Relative Relative Acceptance

CU = concentration of Olmesartan Medoxomil in the Retention Response Criteria,
Sample solution (mg/mL) Name Time Factor NMT (%)

Acceptance criteria:  98.5%–101.5% on anhydrous and sol- Olmesartana 0.2 1.0 0.5
vent-free basis Olmesartan medoxomil

0.7 1.6 0.1
related compound Ab

IMPURITIES
Olmesartan medoxomil 1.0 1.0 —Inorganic Impurities
Olefinic impurityc 1.6 1.0 0.6• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%. [NOTE—The ignition

temperature range is 450° to 550°.] N-alkyl impurityd 3.4 0.7 0.1
• HEAVY METALS, Method II 〈231〉:  NMT 10 ppm Any other individual

— 1.0 0.1Organic Impurities unidentified impurity
• PROCEDURE Total unidentified

— — 0.3Buffer:  Prepare as directed in the Assay. impurities
Solution A:  Acetonitrile and Buffer (1:4)

a 1-{[2′-(1H-Tetrazol-5-yl)biphenyl-4-yl]methyl}-4-(2-hydroxypropan-2-yl)-2-Solution B:  Acetonitrile and Buffer (4:1)
propyl-1H-imidazole-5-carboxylic acid.Mobile phase:  See the gradient table below.
b 1-{[2′-(1H-Tetrazol-5-yl)biphenyl-4-yl]methyl}-4,4-dimethyl-2-propyl-1H-furo
[3,4-d]imidazol-6(4H)-one.

Time Solution A Solution B  c (5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 1-((2′-(1H-tetrazol-5-yl)biphenyl-4-
(min) (%) (%) yl)methyl)-4-(prop-1-en-2-yl)-2-propyl-1H-imidazole-5-carboxylate.

d ((5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 4-(2-hydroxypropan-2-yl)-2-propyl-1-0 75 25
((2′-(1-trityl-1H-tetrazol-5-yl)biphenyl-4-yl)methyl)-1H-imidazole-5-carboxylate.10 75 25
 

35 0 100
45 0 100
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SPECIFIC TESTS BRIEFING
• LIMIT OF ACETONE (IF PRESENT)

Internal standard solution:  1% solution of 1-butanol in di-
methyl sulfoxide. [NOTE—This solution is stable for 1 month at  Oxycodone Hydrochloride Extended-Release Tablets,  USProom temperature.] 32 page 3167. On the basis of comments received it is pro-Standard solution:  0.37 µL/mL of acetone and 2 µL/mL of 1- posed to:butanol from the Internal standard solution in dimethylsulfox- 1.  Add a test for Limit of Oxycodone Related Compound B (Oxy-ide. [NOTE—This solution is stable for 8 h at room codone N-Oxide) to the monograph. The liquid chromato-temperature.] graphic procedures in the test are based on analyses per-Sample solution:  25 mg/mL of Olmesartan Medoxomil and 2 formed using a Waters C18 µ Bondapak brand of L1µL/mL of 1-butanol from the Internal standard solution in column. The typical retention time for oxycodone relateddimethylsulfoxide. [NOTE—This solution is stable for 8 h at compound B (oxycodone N-oxide) is about 8.0 min.room temperature.] 2.  Introduce a new Reference Standard, USP Oxycodone Re-Chromatographic system lated Compound B RS, which is used in the test for Limit of(See Chromatography 〈621〉, System Suitability.) Oxycodone Related Compound B (oxycodone N-oxide).Mode:  GC 3.  Remove the Reference Standard, USP Oxycodone RelatedDetector:  Flame ionization Compound A RS, which is no longer used in this article.Column:  30-m × 0.53-mm column bonded with a 1-µm film 4.  Delete the TLC identification test because the HPLC reten-of phase G14 tion time identification test provides this information.Column temperature:  See the temperature program table
below.

(MD-CCA: C. Anthony, M. Marques.) RTS—C43996;
Hold Time at C44017

Initial Temperature Final Final
 Temperature  Ramp Temperature  Temperature

(°) (°/min) (°) (min)
50 0 50 5

.

50 10 180 5 Oxycodone Hydrochloride Extended-
Release TabletsInjection port temperature:  200°

Detector temperature:  200°
DEFINITIONAuto sampler temperature:  80°
Oxycodone Hydrochloride Extended-Release Tablets contain NLTCarrier gas:  Helium

90.0% and NMT 110.0% of the labeled amount of oxycodoneFlow rate:  4 mL/min. [NOTE—Adjust the flow rate so that the
hydrochloride (C18H21NO4 · HCl).retention time of acetone is 2.5 min.]

Injection size:  1 mL IDENTIFICATION
Split ratio  5:1
System suitability

Delete the following:Sample:  Standard solution. [NOTE—Allow the samples to
stand for 30 min in the auto sampler at 80°.]

Suitability requirements
■• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉Resolution:  NLT 60 between the acetone and 1-butanol

Standard solution:  0.9 mg/mL of USP Oxycodone RS inpeaks
chloroformRelative standard deviation:  NMT 5.0% for the peak area

Sample solution:  Transfer an equivalent to 5 mg of oxy-ratio of acetone and 1-butanol
codone hydrochloride, from a portion of powdered Tablets, toAnalysis
a suitable screw-capped tube. Add 5 mL of chloroform, soni-Samples:  Standard solution and Sample solution
cate for 30 s, shake for several min, and centrifuge. Use theCalculate the percentage of acetone in the portion of
clear supernatant.Olmesartan Medoxomil taken:

Application volume:  20 µL
Developing solvent system:  Acetone, toluene, ether, and am-Result = (rU/rS) × (CS/CU) × 100
monium hydroxide (6:4:1:0.3)

AnalysisrU = peak response of acetone from the Sample solu-
Samples:  Standard solution and Sample solutiontion
Proceed as directed in the chapter. Spray with iodoplatinaterS = peak response of acetone from the Standard solu-
TS.tion

Acceptance criteria:  The RF value, color, and size of the prin-CS = concentration of acetone in the Standard solution
cipal spot from the Sample solution correspond to those from(mg/mL)
the Standard solution; and no other spot is observed.■2S (USP34)CU = concentration of Olmesartan Medoxomil in the

Sample solution (mg/mL)
Acceptance criteria:  NMT 0.6% Change to read:• WATER DETERMINATION, Method Ic 〈921〉:  NMT 0.5%

ADDITIONAL REQUIREMENTS • B.■A.■2S (USP34)  The retention time of the major peak of the• PACKAGING AND STORAGE:  Preserve in well-closed containers, Sample solution corresponds to that of the Standard solution, asprotect from moisture, and store below 25°. obtained in the Assay.• USP REFERENCE STANDARDS 〈11〉
USP Olmesartan Medoxomil RS ASSAY
USP Olmesartan Medoxomil Related Compound A RS • PROCEDURE
1-{[2′-(1H-Tetrazol-5-yl)biphenyl-4-yl]methyl}-4,4-dimethyl-2- Buffer solution:  2 g/L of sodium heptanesulfonate in water.
propyl-1H-furo[3,4-d]imidazol-6(4H)-one. Add 13.3 mL/L of glacial acetic acid and adjust with 5 N so-

C24H24N6O2 · 428.49■2S (USP34) dium hydroxide solution to a pH of 3.50 ± 0.05.
Mobile phase:  Acetonitrile and Buffer solution (1:3)
Standard solution:  0.036 mg/mL of USP Oxycodone RS in
Mobile phase
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Sample stock solution:  Transfer 10 Tablets into an appropri- AS = absorbance of the appropriate Standard solution
ate volumetric flask, add a volume of a mixture of methanol V = initial volume of Medium in the vessel (mL)
and acetonitrile (1:1), equivalent to 50% of the volumetric VS = volume withdrawn from the vessel for previous
flask volume, sonicate for 10 min, and stir for 20 min. Dilute samplings (mL)
with Buffer solution to volume. C1 = concentration of oxycodone in the Medium de-

Sample solution:  0.04 mg/mL of oxycodone hydrochloride, termined at 1 h (mg/mL)
from the Sample stock solution diluted with Mobile phase to C2 = concentration of oxycodone in the Medium de-
volume. Pass through a suitable filter. termined at 2 h (mg/mL)

Chromatographic system C4 = concentration of oxycodone in the Medium de-
(See Chromatography 〈621〉, System Suitability.) termined at 4 h (mg/mL)
Mode:  LC C6 = concentration of oxycodone in the Medium de-
Detector:  UV 280 nm termined at 6 h (mg/mL)
Column:  4.6-mm × 15-cm; packing L1 C8 = concentration of oxycodone in the Medium de-
Flow rate:  1.0 mL/min termined at 8 h (mg/mL)
Injection size:  20 µL L = Tablet label claim (mg)

System suitability For Tablets labeled to contain 80 mg, calculate the amount
Sample:  Standard solution of C18H21NO4 dissolved:
Suitability requirements

Result = [C × (AU/AS) × (V − VS) + (C1 × VS) + (C2 × VS) + (C4Column efficiency:  NLT 4000 theoretical plates
× VS) + (C6 × VS)] × (100/L)Tailing factor:  NMT 2.0

Relative standard deviation:  NMT 2.0%
C = concentration of the appropriate Standard solu-Analysis

tion (mg/mL)Samples:  Standard solution and Sample solution
AU = absorbance of the solution under testCalculate the percentage of C18H21NO4 · HCl in the portion of
AS = absorbance of the appropriate Standard solutionTablets taken:
V = initial volume of Medium in the vessel (mL)
VS = volume withdrawn from the vessel for previousResult = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

samplings (mL)
rU = peak response from the Sample solution C1 = concentration of oxycodone in the Medium de-
rS = peak response from the Standard solution termined at 1 h (mg/mL)
CS = concentration of USP Oxycodone RS in the Stan- C2 = concentration of oxycodone in the Medium de-

dard solution (mg/mL) termined at 2 h (mg/mL)
CU = nominal concentration of the Sample solution C4 = concentration of oxycodone in the Medium de-

(mg/mL) termined at 4 h (mg/mL)
Mr1 = molecular weight of oxycodone hydrochloride, C6 = concentration of oxycodone in the Medium de-

351.82 termined at 6 h (mg/mL)
Mr2 = molecular weight of oxycodone base, 315.37 L = Tablet label claim (mg)

Acceptance criteria:  90.0%–110.0% Tolerances:  The percentages of the labeled amount of
C18H21NO4 dissolved at the times specified conform to Accep-

PERFORMANCE TESTS tance Table 2.
• DISSOLUTION 〈711〉

Test 1
For Tablets Labeled to Contain 10, 20, or 40 mgMedium:  Simulated gastric fluid (without enzymes); 900 mL

Apparatus 1:  100 rpm Time
Time:  1, 2, 4, 6, and 8 h for Tablets labeled to contain 10, (h) Amount Dissolved 
20, or 40 mg; 1, 2, 4, and 6 h for Tablets labeled to contain 1 20%–40%
80 mg 2 35%–55%

Standard stock solution
4 55%–75%Tablets labeled to contain 10 mg:  398 µg/mL of USP
6 70%–90%Oxycodone RS in Medium
8 NLT 80%Tablets labeled to contain 20, 40, or 80 mg:  796 µg/mL

of USP Oxycodone RS in Medium
Standard solution:  Dilute the appropriate Standard stock so-
lution with Medium to obtain solutions containing L/900 mg/ For Tablets Labeled to Contain 80 mg
mL, with L being the oxycodone Tablet label claim, in mg. TimeSample solution:   Pass a portion of the solution under test (h) Amount Dissolved through a suitable filter. Dilute with Medium, if necessary.

1 25%–45%Spectrometric conditions
2 45%–65%(See Spectrophotometry and Light-Scattering 〈851〉.)
4 65%–85%Mode:  UV

Analytical wavelength:  About 226 nm (shoulder) 6 NLT 80%
Cell

Test 2:  If the product complies with this test, the labelingFor Tablets labeled to contain 10, 20, or 40 mg:  1.0 cm
indicates that the product meets USP Dissolution Test 2.For Tablets labeled to contain 80 mg:  0.5 cm
Medium:  Simulated gastric fluid (without enzymes); 900 mLBlank:  Medium
Apparatus 1:  100 rpmAnalysis
Time:  1, 4, and 12 hSamples:  Standard solution and Sample solution
0.85% phosphoric acid:   10 mL/L of phosphoric acid inFor Tablets labeled to contain 10, 20, or 40 mg, calculate
waterthe amount of C18H21NO4 dissolved:

Standard stock solution:  0.9 mg/mL of USP Oxycodone RS
Result = [C × (AU/AS) × (V − VS) + (C1 × VS) + (C2 × VS) + (C4 in 0.85% phosphoric acid

× VS) + (C6 × VS) + (C8 × VS)] × (100/L) Standard solution:  Dilute the Standard stock solution, quan-
titatively and stepwise, with Medium to obtain a solution hav-

C = concentration of the appropriate Standard solu- ing a concentration of 40% of the Tablet label claim. [NOTE—
tion (mg/mL) This solution is stable for two weeks at room temperature.]

AU = absorbance of the solution under test

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1201

Sample solution:  Pass the solution under test through a suit- For Tablets Labeled to Contain 80 mg
able filter of 0.45-µm pore size. TimeMobile phase:  Weigh 23.1 g of monobasic potassium phos- (h) Amount Dissolved phate into a 4-L flask, and dissolve with 3400 mL of water.

1 31%–51%Add 4 mL of triethylamine, and adjust with 0.85% phosphoric
4 61%–81%acid to a pH of 3.0 ± 0.1. Add 600 mL of methanol and 20

12 NLT 85%mL of tert-butyl methyl ether, and mix well.
Chromatographic system

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements(See Chromatography 〈621〉, System Suitability.)
Mode:  LC IMPURITIESDetector:  UV 230 nm
Column:  3.9-mm × 30-cm; 10-µm packing L1
Column temperature:  60° Add the following:
Flow rate:  1 mL/min
Injection size:  50 µL

■• ORGANIC IMPURITIESSystem suitability
• PROCEDURE: LIMIT OF OXYCODONE RELATED COMPOUND B (OXY-Sample:  Standard solution

CODONE N-OXIDE)Suitability requirements
Diluent:  10 mL/L of phosphoric acid in waterCapacity factor:  NLT 0.5
Buffer:  6.8 g/L of monobasic potassium phosphate. Add 1.2Tailing factor:  0.75–1.5
mL of triethylamine and adjust with Diluent to a pH ofRelative standard deviation:  NMT 2%
3.0 ± 0.1.Analysis

Mobile phase:  Methanol, tert-butyl methyl ether, and bufferSamples:  Standard solution and Sample solution
(30:1:170)Calculate the amount of C18H21NO4 dissolved:

Standard solution:  0.18 mg/mL of USP Oxycodone RS and
Result = [C × (rU/rS) × (V − VS) + (C1 × VS) + (C4 × VS) + (C12 0.002 mg/mL of USP Oxycodone Related Compound B RS in

× VS)] × (100/L) Diluent. [NOTE—Prepare fresh daily].
Sample stock solution:  Transfer 10 Tablets into a 500-mL

C = concentration of the appropriate Standard solu- volumetric flask, add 50 mL of Diluent and 50 mL of alcohol,
tion (mg/mL) and sonicate for 90 min to extract the active ingredient. Di-

rU = peak response of the solution under test lute with Diluent to volume.
rS = peak response of the appropriate Standard solu- Sample solution:  0.2 mg/mL of oxycodone hydrochloride

tion from the Sample stock solution in Diluent. Pass a portion of
V = initial volume of Medium in the vessel under test the solution through a suitable filter, and use the filtrate.

(mL) Chromatographic system
VS = volume withdrawn from the vessel for previous (See Chromatography 〈621〉, System Suitability.)

samplings (mL) Mode:  LC
C1 = concentration of oxycodone in the Medium de- Detector:  UV 230 nm

termined at 1 h (mg/mL) Column:  3.9-mm × 30-cm; 10-µm packing L1
C4 = concentration of oxycodone in the Medium de- Column temperature:  60°

termined at 4 h (mg/mL) Flow rate:  1.0 mL/min
C12 = concentration of oxycodone in the Medium de- Injection size:  50 µL

termined at 12 h (mg/mL) System suitability
L = Tablet label claim (mg) Sample:  Standard solution

Tolerances:  The percentages of the labeled amount of Suitability requirements
C18H21NO4 dissolved at the times specified conform to Accep- Resolution:  NLT 4.5 between the oxycodone and oxy-
tance Table 2. codone related compound B peaks

Relative standard deviation:  NMT 3.0% for oxycodone
related compound BFor Tablets Labeled to Contain 10 mg

Analysis
Time Samples:  Standard solution and Sample solution
(h) Amount Dissolved Calculate the percentage of oxycodone related compound B
1 29%–49% in the portion of the Tablets taken:
4 58%–78%

Result = (rU/rS) × (CS/CU) × 10012 NLT 85%

rU = peak area of the Sample solution
rS = peak area of the Standard solution

For Tablets Labeled to Contain 20 mg CS = concentration of USP Oxycodone Related Com-
Time pound B RS in the Standard solution (mg/mL)
(h) Amount Dissolved CU = nominal concentration of oxycodone in the

Sample solution (mg/mL)1 33%–53%
Acceptance criteria:  NMT 1%■2S (USP34)4 63%–83%

12 NLT 85% ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-

tainers, and store at controlled room temperature.
For Tablets Labeled to Contain 40 mg • LABELING:  When more than one Dissolution Test is given, the

labeling states the Dissolution Test used only if Test 1 is notTime
used.(h) Amount Dissolved 

1 37%–57%
4 68%–88%

12 NLT 85%
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centration, based on the label claim. Allow the sample toChange to read:
stand undisturbed for 30 min such that the undissolved mate-
rial settles to the bottom. Transfer the top clear solution into

• USP REFERENCE STANDARDS 〈11〉 HPLC vials, and use as the Sample solution.
USP Oxycodone RS Chromatographic system
USP Oxycodone Related Compound A RS (See Chromatography 〈621〉, System Suitability.)
■USP Oxycodone Related Compound B RS Mode:  LC
[4,5a-Epoxy-14-hydroxy-3-methoxy-17-methylmorphinan-6- Detector:  UV 268 nm
one N-oxide] Column:  4.6-mm × 150-cm; packing L7

(C18H21NO5 331.36)■2S (USP34) Column temperature:  Maintained at room temperature
Flow rate:  1 mL/min
Injection size:  10 µL

System suitability
BRIEFING Samples:  Standard solution and System suitability solution

Suitability requirements
Resolution:  NLT 4 between phenoxybenzamine hydrochlo-
ride and the unknown peak that elutes after the phenox-Phenoxybenzamine Hydrochloride Capsules,  USP 32 page
ybenzamine peak (at about 9.4 min), System suitability3275. It is proposed to replace the spectrophotometric proce-
solutiondure in the Dissolution test with an HPLC procedure. The chro-

Relative standard deviation:  NMT 2% for an average ofmatographic procedure was validated using an YMCBasic brand
five injections determined from the phenoxybenzamine hy-of packing L7, with phenoxybenzamine peak eluting in 7–8 min.
drochloride peak, Standard solution

Analysis
Samples:  Standard solution and Sample solution(MD-CV05: M. Marques.) RTS—C42617 Calculate the percentage of C18H22ClNO · HCl in the portion

of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100
.

Phenoxybenzamine Hydrochloride rU = peak response from the Sample solution
rS = peak response from the Standard solutionCapsules
CS = concentration of USP Phenoxybenzamine Hydro-

chloride RS in the Standard solution (mg/mL)DEFINITION
CU = concentration of phenoxybenzamine hydrochlo-Phenoxybenzamine Hydrochloride Capsules contain NLT 90.0%

ride in the Sample solution (mg/mL)and NMT 110.0% of the labeled amount of C18H22ClNO · HCl.
Acceptance criteria:  90.0%–110.0%

IDENTIFICATION
PERFORMANCE TESTS• The UV absorption spectrum of the solution used for measure-

ment of absorbance in the Assay exhibits maxima and minima
at the same wavelengths as that of a similar solution of USP Change to read:
Phenoxybenzamine Hydrochloride RS, concomitantly meas-
ured. The ratio A268/A272 of the maximum at 268 ± 2 nm and
the minimum at 272 ± 2 nm is between 1.75 and 1.95. • DISSOLUTION 〈711〉

Medium:  0.1 N hydrochloric acid; 500 mL
ASSAY Apparatus 1:  100 rpm
• PROCEDURE Time:  45 min

Solution A:  2.2 mg/mL of anhydrous monobasic sodium Detector:  UV 267 nm
phosphate in water. Adjust with concentrated phosphoric acid Standard solution:  USP Phenoxybenzamine Hydrochloride RS
to a pH of 3.0. in Medium

Mobile phase:  Filtered and degassed mixture of Solution A Sample solutions:  Sample per Dissolution 〈711〉. Dilute with
and acetonitrile (45:55) Medium to a concentration that is similar to the Standard

Standard solution:  0.2 mg/mL USP Phenoxybenzamine Hy- solution.
drochloride RS in acetonitrile. [NOTE—Sonicate if necessary.] ■Standard solution:  0.02 mg/mL of USP Phenoxybenzamine

System suitability solution:  10 mL of the Standard solution Hydrochloride RS in Medium
and 0.5 mL of 0.1 N sodium hydroxide taken in a vial. Sample solution:  Pass a portion of the solution under test
[NOTE—Basic solutions of phenoxybenzamine hydrochloride through a suitable filter of 0.45-µm pore size.
will produce the known degradant, tertiary amine phenox- pH 3.0 phosphate buffer:  2.2 g/L of monobasic sodium
ybenzamine—the second major peak that elutes before the phosphate in water. Adjust with phosphoric acid to a pH of
phenoxybenzamine peak and has a relative retention time of 3.00 ± 0.05.
about 0.3 min—and an unknown related substance. Severe Mobile phase:  pH 3.0 phosphate buffer and acetonitrile (9:11)
degradation of the drug substance will be observed if the so- Chromatographic system
lution is allowed to stand for more than 1 h.] (See Chromatography 〈621〉, System Suitability.)

Sample solution:  0.2 mg/mL phenoxybenzamine hydrochlo- Mode:  LC
ride in acetonitrile. Remove, as completely as possible, the Detector:  UV 268 nm
contents of NLT 20 Capsules. Transfer a portion of the mixed Column:  4.6-mm × 150-cm; packing L7
powder, equivalent to about 10 mg of phenoxybenzamine hy- Column temperature:  Maintained at room temperature
drochloride, to a 50-mL volumetric flask. Add about 40 mL of Flow rate:  1 mL/min
acetonitrile and sonicate for 15 min with occasional swirling. Injection size:  10 µL
Cool and dilute with acetonitrile to volume to obtain the con-
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System suitability Total impurities:  NMT 0.5% specified and unspecified
Sample:  Standard solution

ADDITIONAL REQUIREMENTSSuitability requirements
• PACKAGING AND STORAGE:  Preserve in well-closed containers.Relative standard deviation:  NMT 2%
• USP REFERENCE STANDARDS 〈11〉Calculate the percentage of phenoxybenzamine hydrochloride

USP Phenoxybenzamine Hydrochloride RSdissolved:

Result = (rU/rS) × (CS/L) × V × 100

BRIEFINGrU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)
L = Capsule label claim (mg) Platelet Concentrate,  USP 32 page 3319. The Biologics &
V = volume of Medium (mL), 500 Biotechnology Blood and Blood Products Expert Committee re-
■2S (USP34) viewed this human-derived, abbreviated monograph and recom-

Tolerances:  NLT 75% (Q) of the labeled amount of mended that it be deleted due to lack of quality information.
C18H22ClNO · HCl is dissolved.

• UNIFORMITY OF DOSAGE UNITS 〈905〉
Procedure for content uniformity (BB BBP: M. Kibbey.) RTS—C92440Solution A, Mobile phase, Standard solution, and Chromat-

ographic system:  Proceed as directed in the Assay.
Sample solution:  0.2 mg/mL. Carefully open 10 Capsules
and transfer each immediately into separate volumetric flasks,
including the capsule shells. Add acetonitrile, about 60% of
the volume of the flask, and sonicate for 15 min with occa- Delete the following:
sional stirring. Cool the flask and dilute with acetonitrile to
volume to achieve the concentration of 0.2 mg/mL.

.[NOTE—The capsule shell does not dissolve.]
Cool, dilute with acetonitrile to volume, mix, and pass ■Platelet Concentrate
through a nylon membrane filter of 0.45-µm pore size, dis-
carding the first few mL of the filtrate. DEFINITION

Analysis Platelet Concentrate conforms to the regulations of the federal
Samples:  Standard solution and Sample solution Food and Drug Administration concerning biologics
Calculate the quantity of phenoxybenzamine hydrochloride (640.20–640.27) (see Biologics 〈1041〉). It contains the platelets
in the Capsules taken: taken from plasma obtained by whole blood collection, by

plasma pheresis or by platelet pheresis, from a single suitable
Result = (rU/rS) × (Cs/Cu) × T human donor of whole blood or from a plasma pheresis donor

or a platelet pheresis donor who meets the criteria described in
rU = peak response from the Sample solution the product license application (in which case the collection
rS = peak response from the Standard solution procedure is as described therein), except where a licensed
CS = concentration of USP Phenoxybenzamine Hydro- physician has determined that the recipient is to be transfused

chloride RS in the Standard solution (mg/mL) with the platelets from a specific donor (in which case the
CU = concentration of phenoxybenzamine hydrochlo- platelet pheresis procedure is performed under the supervision

ride in the Sample solution, based on the la- of a licensed physician who is aware of the health status of the
beled quantity/Capsule and the extent of donor and has certified that the donor’s health permits such
dilution (mg/mL) procedure). In all cases, the collection of source material is

T = labeled quantity of phenoxybenzamine hydro- made by a single, uninterrupted venipuncture with minimal
chloride in the Capsules taken (mg) damage to and manipulation of the donor’s tissue. Concentrate

Acceptance criteria:  Meets the requirements consists of such platelets suspended in a specified volume of
the original plasma, the separation of plasma and resuspensionIMPURITIES of the platelets being done in a closed system, within 4 h ofOrganic Impurities collection of the whole blood or plasma. The separation of• PROCEDURE platelets is by a procedure shown to yield an unclumped prod-Solution A, Mobile phase, Standard solution, System suita- uct without visible hemolysis, with a content of NLT 5.5 × 1010

bility solution, Sample solution, and Chromatographic sys- platelets/unit in NLT 75% of the units tested, and the volumetem:  Proceed as directed in the Assay. of original plasma used for resuspension of the separated plate-Analysis lets is such that the product has a pH of NLT 6 during theSamples:  Standard solution and Sample solution storage period when kept at the selected storage temperature,Calculate the percentage of each individual impurity: the selected storage temperature and corresponding volume of
resuspension plasma being either 30–50 mL of plasma for stor-Result = (rU/rT) × (1/F) × 100
age at 20°–24°, or 20–30 mL of plasma for storage at 1°–6°. It
meets the aforementioned requirements for platelet count, pH,rU = peak response for the individual impurity from
and actual plasma volume when tested 72 h after preparation.the Sample solution

rT = sum of all peak responses from the Sample solu- ADDITIONAL REQUIREMENTStion • PACKAGING AND STORAGE:  Preserve in hermetic containers ofF = relative response factor, which is 1.1 for the colorless, transparent, sterile, pyrogen-free Type I or Type IIknown degradant, phenoxybenzamine tertiary glass or of a suitable plastic material (see Transfusion and Infu-amine, and 1 for all other individual impurities sion Assemblies 〈161〉). Preserve at the temperature relevant toAcceptance criteria the volume of resuspension plasma, either between 20° andIndividual impurities:  NMT 0.5% of phenoxybenzamine 24° or between 1° and 6°, the latter except during shipmenttertiary amine; NMT 0.1% of any other specified or un- when the temperature may be between 1° and 10°.specified individual impurity (degradant) • LABELING:  In addition to the labeling requirements of Whole
Blood applicable to this product, label it to state the volume of
original plasma present, the kind and volume of anticoagulant
solution present in the original plasma, the blood group desig-
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nation of the source blood, and the hour of expiration on the • EXPIRATION DATE:  The expiration date is not later than 1 year
stated expiration date. Where labeled for storage at 20°–24°, after the date of issue from the manufacturer’s cold storage
label it also to state that a continuous gentle agitation shall be (5°, 1 year).
maintained, or where labeled for storage at 1°–6°, to state • LABELING:  Label it to state that it is to be shaken to a uniform
that such agitation is optional. Label it also with the type and consistency before use. Label it also to state that it was pre-
result of a serologic test for syphilis, or to indicate that it was pared in monkey tissue cultures.■2S (USP34)

nonreactive in such test with the type and result of a test for
hepatitis B surface antigen, or to indicate that it was nonreac-
tive in such test; with a warning that it is to be used as soon

BRIEFINGas possible but NMT 4 h after entering the container; to state
that a filter is to be used in the administration equipment; and
to state that the instruction circular provided is to be con-
sulted for directions for use. Rabies Vaccine,  USP 32 page 3469. See Briefing under Antive-

• EXPIRATION TIME:  The expiration time is NMT 72 h from the nin (Crotalidae) Polyvalent  monograph.
time of collection of the source material.■2S (USP34)

(BB VV: M. Kibbey.) RTS—C90313
BRIEFING

Poliovirus Vaccine Inactivated,  USP 32 page 3322. See Brief-
Delete the following:ing under Antivenin (Crotiladae) Polyvalent monograph

.

(BB VV: M. Kibbey.) RTS—C90313 ■Rabies Vaccine

DEFINITION
Rabies Vaccine conforms to the regulations of the FDA concerning

biologics (see Biologics 〈1041〉). It is a sterile preparation, in
Delete the following: dried or liquid form, of inactivated rabies virus harvested from

inoculated diploid cell cultures. The cell cultures are shown to
consist of diploid cells by tests of karyology, to be non-

. tumorigenic by tests in hamsters treated with antilymphocytic
■Poliovirus Vaccine Inactivated serum (ALS), and to be free from extraneous agents by tests in

animals or cell-culture systems. The harvested virus meets the
DEFINITION requirements for identity by serological tests, for absence of
Poliovirus Vaccine Inactivated conforms to the regulations of the infectivity by tests in mice or cell-culture systems, and for ab-

federal Food and Drug Administration concerning biologics sence of extraneous agents by tests in animals or cell-culture
(630.1 to 630.6) (see Biologics 〈1041〉). It is a sterile aqueous systems. The Vaccine meets the requirements for absence of
suspension of inactivated poliomyelitis virus of Types 1, 2, and live virus by tests using a suitable virus amplification system
3. The virus strains are grown separately in primary cell cultures involving inoculation and incubation of sensitive cell cultures
of monkey kidney tissue and from a virus suspension with a for NLT 14 days, followed by inoculation of the cell-culture
virus titer of NLT 106.5 TCID50, measured in comparison with fluid thereafter into NLT 20 adult mice. It has a potency of
the U.S. Reference Poliovirus of the corresponding type; are rabies antigen equivalent to NLT 2.5 International Units for Ra-
inactivated so as to reduce the virus titer by a factor of 10−8; bies Vaccine, per dose, determined with the specific mouse
and after inactivation are combined in suitable proportions. protection test using the U.S. Standard Rabies Vaccine. It meets

No extraneous protein, capable of producing allergenic effects the requirements for general safety (see Biological Reactivity
upon injection into human subjects, is added to the final virus Tests, In Vivo 〈88〉, Safety Tests—Biologicals).
production medium. If animal serum is used at any stage, its

ADDITIONAL REQUIREMENTScalculated concentration in the final medium does not exceed
• PACKAGING AND STORAGE:  Store at a temperature between 2°1 ppm. Suitable antimicrobial agents may be used during pro-

and 8°.duction. The single strain harvests or virus pools before inacti-
• EXPIRATION DATE:  The expiration date is not later than 2 yearsvation meet the requirements of the specific mouse, guinea

after the date of issue from the manufacturer’s cold storagepig, and rabbit tests for absence of B virus and Mycobacterium
(5°, 1 year).tuberculosis, and the tissue culture test for absence of SV-40

• LABELING:  Label it to state that it contains rabies antigenvirus. The single strain or trivalent virus pools after inactivation
equivalent to NLT 2.5 IU/dose and that it is intended for intra-meet the requirements of the specific tissue culture and mon-
muscular injection only.■2S (USP34)key tests for absence of active poliovirus, the mouse test for

absence of lymphocytic choriomeningitis virus, and the tissue
culture safety test for absence of SV-40 virus or other active
viruses. The Vaccine meets the requirements of the specific

BRIEFINGmonkey potency test by virus neutralizing antibody production,
based on the U.S. Reference Poliovirus Antiserum, such that the
ratio of the geometric mean titer of the group of monkey se-

Rubella Virus Vaccine Live,  USP 32 page 3525. See Briefingrums representing the vaccine to the mean titer value of the
under Antivenin (Crotalidae) Polyvalent monograph.reference serum is NLT 1.29 for Type 1, NLT 1.13 for Type 2,

and NLT 0.72 for Type 3.

ADDITIONAL REQUIREMENTS (BB VV: M. Kibbey.) RTS—C90313• PACKAGING AND STORAGE:  Preserve at a temperature between
2° and 8°.

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1205

Delete the following: Add the following:

. .

■Rubella Virus Vaccine Live ■Scaffold Human Peripheral Nerve

DEFINITION DEFINITION
Rubella Virus Vaccine Live conforms to the regulations of the FDA Scaffold Human Peripheral Nerve is scaffold flexible non-perma-

concerning biologics (630.60 to 630.67) (see Biologics 〈1041〉). nent tubular implant designed to provide a conduit for axonal
It is a bacterially sterile preparation of live virus derived from a growth across a nerve gap. It is derived from donated allograft
strain of rubella virus that has been tested for neurovirulence in human peripheral nerve tissue. The final product is frozen to
monkeys, and for immunogenicity, that is free from all demon- preserve the structure of the human peripheral nerve tissue. It
strable viable microbial agents except unavoidable bacterio- is biocompatible and supports remodeling by the recipient’s
phage, and that has been found suitable for human immuniza- own tissue. The Scaffold Human Peripheral Nerve is comprised
tion. The strain is grown, for purposes of vaccine production, of the native human peripheral nerve architecture consisting of
on primary cell cultures of duck embryo tissue, derived from the intact three dimensional extracellular matrix (ECM) (en-
pathogen-free flocks, or on primary cell cultures of a desig- doneurium, perineurium, and epineurium) that is composed
nated strain of human tissue, provided that the same cell cul- primarily of laminin, Type IV collagen, proteoglycans, and other
ture system is used as that in which the strain was tested. The components.
strain meets the requirements of the specific safety tests in The donated human peripheral nerve is processed in a series of
adult and suckling mice; and the requirements of the tests in proprietary phosphate buffer solutions (pH 7.4), detergents,
monkey kidney, chicken embryo, and human tissue cell cultures and enzyme washes to remove cells and cellular debris such as
and embryonated eggs. In the case of virus grown in duck fat, blood, axons, and myelin from the tissue while leaving the
embryo cell cultures, the strain meets the requirements of the inherent and relevant structural characteristics (components,
test by inoculation of embryonated duck eggs, and of the tests handling, tubular form) of the ECM intact.
for absence of Mycobacterium tuberculosis and of avian leucosis. Human peripheral nerve tissue used to produce the Scaffold
In the case of virus grown in rabbit kidney cell cultures, the Human Peripheral Nerve is obtained from sources that have
strain meets the requirements of the tests by inoculation of passed applicable donor eligibility requirements for relevant
rabbits and guinea pigs, and of the tests for absence of Myco- communicable diseases. Scaffold Human Peripheral Nerve is
bacterium tuberculosis and of known adventitious agents of rab- manufactured using sterile solutions and equipment under
bits. In the case of virus grown in human tissue cell cultures, aseptic conditions. The final product is inspected and tested to
the strain meets the requirements of the specific safety tests ensure that the product meets the specifications.
and tests for absence of Mycobacterium tuberculosis or other

SPECIFIC TESTSadventitious agents tests by inoculation of rabbits and guinea
• HISTOLOGICAL EVALUATIONpigs and the requirements for karyology and of the tests for

Tissue preparation:  Place a 0.8- to 1-cm length of frozenabsence of adventitious and other infective agents, including
tissue, collected from any portion of the graft, into a suitablehemadsorption viruses and Mycoplasma, in human diploid cell
histological tissue cassette for routine histological processingcultures. The strain cultures are treated to remove all intact
and paraffin embedding. Place the cassettes in 10% neutraltissue cells. The Vaccine meets the requirements of the specific
buffered formalin1 at room temperature (25 ± 5°) for a mini-tissue culture test for live virus titer, in a single immunizing
mum of 18 h.dose, of NLT the equivalent of 1000 TCID50 (quantity of virus

Embedding and sectioning of histological evaluation andestimated to infect 50% of inoculated cultures × 1000) when
immunohistochemical samples:  Place all cassettes to betested in parallel with the U.S. Reference Rubella Virus, Live.
processed into a suitable histological cassette basket. The fol-

ADDITIONAL REQUIREMENTS lowing steps can be performed using a vacuum infiltration
• PACKAGING AND STORAGE:  Preserve in single-dose containers, or tissue processor.2 At room temperature (25 ± 5°), dehydrate

in light-resistant, multiple-dose containers, at a temperature tissue samples that continue to fix in 10% neutral buffer
between 2° and 8°. Multiple-dose containers for 50 doses are formalin through graded reagent alcohol (70%, 80%, 95%,
adapted for use only in jet injectors, and those for 10 doses and 100%).3 Clear the tissue samples in a histological grade
for use by jet or syringe injection. xylene.4 

• EXPIRATION DATE:  The expiration date is 1–2 years, depending Infiltrate the tissue with paraffin5 at 63 ± 7°. The following em-
on the manufacturer’s data, after date of issue from the manu- bedding procedure can be performed with the use of a his-
facturer’s cold storage (−20°, 1 year). tology tissue embedding unit, including a molten paraffin

• LABELING:  Label the Vaccine in multiple-dose containers to in- dispenser, cold plate, and a hot plate. Open the histological
dicate that the contents are intended solely for use by jet in- cassette. Partially fill the embedding molds with molten par-
jector or for use by either jet or syringe injection, whichever is affin (63 ± 7°). While keeping the paraffin heated, position
applicable. Label the Vaccine in single-dose containers, if such the tissue so as to maintain appropriate orientation (e.g. long
containers are not light resistant, to state that it should be axis facing bottom of mold), so that transverse cross sections
protected from sunlight. Label it also to state that constituted of the Scaffold Human Peripheral Nerve can be cut once
Vaccine should be discarded if not used within 8 h.■2S (USP34) completely embedded. Rapidly cool the paraffin (on the cold

plate, ~4°) to partially solidify, fill the rest of the embedding

1 Neutral buffered formalin can be purchased from Richard-Allen Scientific/
Thermo Scientific, Waltham, MA 02454.BRIEFING
2 A suitable processor is the Tissue Tek V.I.P. Model E300 vacuum infiltration
tissue processor, Sakura Finetek USA, Inc., 1750 West 214th St., Torrance, CA
90501.Scaffold Human Peripheral Nerve.  Because there is no ex-
3 Graded alcohols: 70%, 80%, and 95% are prepared using 100% Reagent Al-isting USP monograph for this product, a new monograph is
cohol such as that purchased from Richard-Allen Scientific/Thermo Scientific,being proposed.
Waltham, MA 02454.
4 Histological grade xylene can be purchased from Richard-Allen Scientific/
Thermo Scientific, Waltham, MA 02454.

(BB CGT: F. Atouf.) RTS—C73282 5 Histological grade paraffin can be purchased from Richard-Allen Scientific/
Thermo Scientific, Waltham, MA 02454.
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mold with molten paraffin (63 ± 7°), and cool until com- mix well. A pre-manufactured kit may also be used12 and the
pletely solidified. manufacturer’s directions for use are to be followed. Mini-

Remove the solidified paraffin blocks from the embedding mize exposure to light as diaminobenzidine is light sensitive.
molds for sectioning. Sectioning of paraffin-embedded sam- Store the kit between 2° and 8°. Once the solution is made,
ples can be performed on a suitable microtome.6 use the same day. Do not store or reuse.

Mount the tissue block on the microtome, and adjust as nec- Hematoxylin solution13:  Dissolve 5 g of hematoxylin in 50
essary. Rough cut into the block and continue at least 2 mm mL of 95% ethanol. Dissolve 100 g of aluminum potassium
into the tissue, then cut 7-µm thick sections as a ribbon, and sulfate. Combine hematoxylin–ethanol and aqueous alumi-
place into a water bath (40 ± 8°). Separate individual sec- num potassium sulfate solutions, then bring to a boil. Add
tions, and place the sections onto a slide7 by placing the 0.5 g of sodium iodate. Cool rapidly to room temperature,
slide into the water bath, and bringing the slide gently up then add 40 mL of glacial acetic acid. Store at room temper-
under the section such that the section lays flat on the slide ature, and keep bottle tightly sealed.
after the water withdraws. Discard sections which are folded 0.3% Acid alcohol solution14:  Add 0.3 mL of hydrochloric
onto themselves, torn, etc. Place multiple sections onto each acid to 100 mL of 70% ethanol, and mix. Store at room
slide. Air dry the slides and then, to improve adhesion, heat temperature, and keep the bottle tightly sealed. Avoid any
for approximately 2 h in a 59 ± 1° oven with an open coplin source of ignition.
jar of 10% neutral buffered formalin.1 Store the slides at Bluing solution15:  Add 37 mL of methanol to 63 mL of dis-
room temperature (25 ± 5°). tilled water, then dissolve 200 mg of sodium bicarbonate,

Immunohistochemical sample staining and mix. Store according to the manufacturer’s recommen-
10% Neutral buffered formalin1 dations or (if unavailable) at room temperature for up to 1
Phosphate buffered saline (PBS):  Dissolve 0.98 g of anhy- year.
drous monobasic potassium phosphate, 5.71 g of anhydrous Hydrophobic coverslipping agent16:  A hydrophobic solvent-
dibasic potassium phosphate, and 8 g of sodium chloride in based coverslipping agent. Store according to the manufac-
800 mL of distilled water, and mix. Adjust the pH to 7.1–7.5 turer’s recommendations or (if unavailable) at room tempera-
with concentrated HCl or NaOH as necessary. Bring the total ture for up to 1 year.
volume to 1 L, and mix. Store at room temperature. Blocking buffer:  Mix 1 mL of normal goat serum in 9 mL of

Tris buffered saline (TBS):  Dissolve 8.8 g of NaCl, 0.2 g of TBST. Centrifuge at 10,000 g for 10 min immediately before
KCl, and 3 g of Tris base in 800 mL of distilled water. Adjust use. Once the solution is made, use the same day. Do not
the pH to 7.5–7.7, then bring the volume to 1 L. Store at store or reuse.
room temperature. CS56 Primary antibody17:  A 1:100 dilution of mouse anti-

Tris buffered saline with Tween (TBST):  Dissolve 8.8 g of chondroitin sulfate antibody in Blocking buffer. Centrifuge at
NaCl, 0.2g of KCl, and 3 g of Tris base in 800 mL of distilled 10,000 g for 10 min immediately before use. Once the solu-
water, then add 500 µL of Tween-20. Adjust the pH to tion is made, use the same day. Do not store or reuse.
7.5–7.7, then bring the volume to 1 L. Store at room CS56 Secondary antibody18:  A 1:300 dilution of
temperature. fluorophore-conjugated goat anti-mouse antibody in Blocking

Endogenous enzyme block8:  Mix 3 mL of 30% hydrogen buffer. Centrifuge at 10,000 g for 10 min immediately before
peroxide with 97 mL of methanol. Once the solution is use. Once the solution is made, use the same day. Do not
made, use the same day. Do not store or reuse. store or reuse.

Antibody diluent9:  100 mg of bovine serum albumin (BSA) Aqueous coverslipping agent19:  An aqueous-based cover-
dissolved in 10 mL of TBS. Store at 2°–8° for up to 2 weeks, slipping media
or defer to the manufacturer’s recommendations if a pre- Proteinase K reagent20:  Mix 40 µL of proteinase K stock
made reagent. solution with 2 mL of TBS. Once the solution is made, use

Neurofilament primary antibody10:  Add 1 µL of mouse anti- the same day. Do not store or reuse.
neurofilament antibody stock solution to 1999 µL of Antibody Laminin primary antibody21:  Add 1 µL of rabbit anti-laminin
diluent. Once the solution is made, use the same day. Do not antibody stock solution to 99 µL of Antibody diluent. Once
store or reuse. the solution is made, use the same day.

Secondary reagent:  Peroxidase-linked secondary system.11 Analysis for neurofilament:  The removal of cells/cellular deb-
Store the kit between 2° and 8°. Make up the solution ac- ris is monitored via immunostaining of a representative high
cording to the manufacturer’s instructions. Once the solution molecular weight cellular marker, neurofilament (~420 kDa).
is made, use the same day. Do not store or reuse. One section, of acceptable histological quality, is necessary to

1% DAB solution:  Add 0.1 g of 3,3’-diaminobenzidine (DAB) evaluate each sample tested. Deparaffinize (room tempera-
in 10 mL of distilled water, then add 3–5 drops of 10 N HCl ture) the slide with affixed tissue (sections) in three changes of
until the solution turns brown. Shake until DAB dissolves xylene, rehydrate in graded reagent alcohols (100% and
completely (10 min). Once the solution is made, use the 95%), and rinse in tap water. Then rinse the sections in TBST,
same day. Do not store or reuse. and incubate in series with the following solutions: Endogene-

0.3% H2O2 solution:  Add 100 µL of 30% hydrogen peroxide
12 An example of an acceptable kit is available from Dako, Carpinteria, CA, cata-(H2O2) to 10 mL of distilled water, and mix. Once the solu-
logue #K3467.tion is made, use the same day. Do not store or reuse.
13 Histological grade hematoxylin solution can be purchased from Richard-AllenDAB reagent:  Add 250 µL of 1% DAB solution to 5 mL of
Scientific/Thermo Scientific, Waltham, MA 02454, catalogue #7211.PBS, and mix. Then add 250 µL of 0.3% H2O2 solution, and
14 Histological grade acid alcohol can be purchased from Richard-Allen Scientific/

6 A suitable microtome is the Microm Model HM315, Thermo Scientific, Wal- Thermo Scientific, Waltham, MA 02454, catalogue #7442.
tham, MA 02454. 15 Histological grade bluing solution can be purchased from Richard-Allen Scien-
7 Such as Bond-Rite, Richard-Allen Scientific/Thermo Scientific, Waltham, MA tific/Thermo Scientific, Waltham, MA 02454, catalogue #7301.
02454. 16 A suitable hydrophobic coverslipping agent is Cytoseal XYL, Richard-Allen Sci-
8 A suitable manufactured product is available from Dako, Carpinteria, CA, cata- entific/Thermo Scientific, Waltham, MA 02454, catalogue #8312-4.
logue #S2003. 17 A suitable antibody is available from Sigma-Aldrich, St. Louis, MO 63103,
9 A suitable manufactured product is available from Dako, Carpinteria, CA, cata- catalogue #C8035.
logue #S0809. 18 A suitable antibody is available from Invitrogen/Molecular Probes, Carlsbad,
10 A suitable antibody is available from Dako, Carpinteria, CA, catalogue CA 92008, catalogue #A-21043.
#M0762. 19 A suitable aqueous coverslipping agent is Fluoro-Gel, Electron Microscopy Sci-
11 An example of an acceptable system is available from Dako, Carpinteria, CA, ences, Hatfield, PA 19440, catalogue #17985-10.
catalogue #K4061. Note this reagent is analogous to the combination of a 20 A suitable manufactured proteinase K stock solution is available from Dako,
biotinylated secondary antibody, avidin, and biotinylated horseradish Carpinteria, CA, catalogue #S3004.
peroxidase. 21 A suitable antibody is available from Sigma-Aldrich, St. Louis, MO 63103,

catalogue #L9393.
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ous enzyme block, TBST, Neurofilament primary antibody, TBST, as shown in the USP Scaffold Human Peripheral Nerve Refer-
Secondary reagent, TBST, DAB reagent, TBST, distilled water, ence Photomicrographs of products with acceptable appear-
hematoxylin, tap water, clarifier solution, tap water, Bluing so- ance for staining with CS56 antibodies. For example, the walls
lution, and tap water. The final slides are covered using the of the smallest tubes (endoneurial tubes, ~20 µm in diameter)
Hydrophobic coverslipping agent. Staining may be performed should be clearly stained. Sections are assessed for CSPG pres-
using an autostainer.22 All incubations are at room tempera- ence and are acceptable if they demonstrate a significant de-
ture. Times are adjusted as necessary to suitably stain the crease in staining as compared to the positive control as
tissue. shown in the USP Scaffold Human Peripheral Nerve Reference
Control slides:  Unprocessed nerve grafts are frozen and sec- Photomicrographs of products with acceptable appearance.
tioned for control tissue. The positive control receives the Negative control staining appears black with no fluorescent
same treatment as the test samples. The negative control is staining present.
the same tissue section as the positive control (or can be the Analysis for laminin:  Structural preservation characteristics
same section as the test sample). The difference with the and identification that the tissue is nerve are monitored by
negative control is that one critical stain step is omitted, such anti-laminin immunostaining. Laminin is used to verify that
as the application of the primary antibodies. All other stain the ECM structure of the processed nerve remained intact.
steps are completed in accordance with the test slides. If ac- The processed nerve has staining comparable to unprocessed
ceptable control stains are not achieved, the stain is to be nerve sections (positive control). Observed structure and stain-
repeated. ing indicates that the basal lamina has been preserved. One

Acceptance criteria:  Adequate staining is defined as clear, section, of acceptable histological quality, is necessary to eval-
high contrast brown staining of the axons in the control sam- uate each sample tested. Deparaffinize (room temperature)
ples as observed using a light microscope with 4× and 20× the slide with affixed tissue (sections) in three changes of xy-
objectives as shown in the USP Scaffold Human Peripheral lene, rehydrate in graded reagent alcohols (100% and 95%),
Nerve Reference Photomicrographs23  of products with accept- and rinse in tap water. Then rinse the sections in TBST, and
able appearance for staining with anti-neurofilament antibod- incubate in series with the following solutions: Proteinase K
ies. Small (a few µm) dots and rods (depending on the orien- reagent, TBST, Endogenous enzyme block, TBST, Laminin primary
tation of the axon in the section) of brown staining should be antibody, TBST, Secondary reagent, TBST, DAB reagent, TBST,
visible in the control samples with the other areas of the tissue distilled water, hematoxylin, tap water, clarifier solution, tap
only stained by the (light blue) hematoxylin counterstain. Sec- water, Bluing solution, and tap water. Coverslip the final slides.
tions are assessed for neurofilament clearing and are accept- The staining steps can be performed in an autostainer.22 All
able if they demonstrate a significant decrease in staining as incubations are at room temperature. Times are adjusted as
compared to the positive control as shown in the USP Scaffold necessary to suitably stain the tissue.
Human Peripheral Nerve Reference Photomicrographs of prod- Control slides:  Freeze and section unprocessed nerve grafts
ucts with acceptable appearance. Negative control staining for control tissue. The positive control receives the same
appears clear with no brown staining; only a light blue treatment as the test samples. The negative control is the
hematoxlyin counterstain will be seen. same tissue section as the positive control (or can be the

Analysis for chondroitin sulfate proteoglycans (CSPG):  The same section as the test sample). The difference with the
clearance of CSPG is monitored by immunostaining of intact negative control is that one critical stain step is omitted, such
chondroitin sulfate side chains with CS56 immunofluorescent as the application of the primary antibodies. Complete all
staining. One section, of acceptable histological quality, is other stain steps in accordance with the test slides. The stain
necessary to evaluate each sample tested. Deparaffinize (room is to be repeated if acceptable control stains are not
temperature) the slide with affixed tissue (sections) in three achieved.
changes of xylene, rehydrate in graded reagent alcohols Acceptance criteria:  Adequate staining is defined as clear,
(100% and 95%), and rinse in tap water. Then rinse the sec- high contrast immunoperoxidase (brown color) staining of ex-
tions in TBST. Create a staining well enclosing all sections with tracellular matrix structures in the positive control tissue ob-
a pap pen. Incubate each well in series with the following served with a light microscope with 4× and 20× objectives as
solutions: Blocking buffer (incubate for 60 min at 37° in an shown in the USP Scaffold Human Peripheral Nerve Reference
incubation chamber to prevent drying) and TBST. Perform the Photomicrographs of products with acceptable appearance for
remaining steps in series in the dark to prevent photo-bleach- staining with anti-laminin antibodies. For example, the walls of
ing: Secondary reagent, TBST, PBS, 10% Neutral buffered the smallest tubes (endoneurial tubes, ~20 µm in diameter)
formalin,1 and distilled water. Coverslip the final slides with should be clearly stained. Also the areas of the tissue outside
aqueous mounting media, and store at 4° until reviewed. All of the fascicles will generally not stain as strongly as the area/
incubations are at room temperature unless otherwise noted. structures (i.e., endoneurial tubes) within the fascicles. Nerve
Times may be adjusted as necessary to suitably stain the tissue is identified by assessing sections for structure preserva-
tissue. tion and is acceptable if they demonstrate substantial preser-
Control slides:  Freeze and section unprocessed nerve grafts vation of the extracellular matrix structure, as shown by
for control tissue. The positive control receives the same laminin staining, as compared to the positive control as shown
treatment as the test samples. The negative control is the in the USP Scaffold Human Peripheral Nerve Reference Photo-
same tissue section as the positive control (or can be the micrographs of products with acceptable appearance. Nega-
same section as the test sample). The difference with the tive control staining appears clear with no brown staining;
negative control is that one critical stain step is omitted, such only a light blue hematoxlyin counterstain will be seen.
as the application of the primary antibodies. Complete all • CHABCASE RESIDUAL TESTING
other stain steps in accordance with the test slides. If accept- Nerve extraction buffer:  2 M Tris-HCl buffer, pH 7.4 solution,
able control stains are not achieved, the stain is to be 5 M NaCl solution, 10% triton X-100 solution, 95 mL with
repeated. USP grade water. Store at 4° for up to 1 week. Immediately

Acceptance criteria:  Adequate staining is defined as clear, before use add 5 mL (per 100 mL) of 20X protease inhibitor
high contrast fluorescent staining of extracellular matrix struc- cocktail,24 and mix thoroughly.
tures in the positive control tissue observed with a light micro- Matrix blank:  Nerve graft extract from grafts that were not
scope with 10× and 20× objectives using fluorescence optics exposed to ChABC during processing

Tissue preparation:  This procedure is used for the preparation
22 A suitable autostainer is the Dako Autostainer Plus Autostainer, Dako, of extraction samples for Scaffold Human Peripheral Nerve
Carpinteria, CA. and Matrix blank. Thaw nerve tissue. Trim sample to provide a
23 These photomicrographs are available as a CD from the USP Reference Stan- 100- to 200-mg segment (wet weight). Place the 100- to 200-
dards collection, available to the reader through USP Customer Services. To mg sample in a tissue grinder prechilled on ice. Add ice cold
order these and other Reference Standards, call 1-800-227-8772 (U.S. and Ca-
nada), +1-301-881-0666 or 00-800-4875-5555 (select Europe), or visit 24 Protease inhibitor cocktail can be purchased from Sigma-Aldrich, St. Louis,
www.usp.org. MO 63103, catalogue #P2714.
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Nerve extraction buffer at 1 mL/100 mg of tissue. Grind the sink, and flush the entire plate thoroughly with purified water
tissue sample at about 100 rpm. Transfer all of the extract by ensuring that all wells are filled. Repeat the flush step in rapid
micropipette to a pre-labeled 1.5-mL conical snap-top tube. succession for a total of three times. Block the wells by adding
Use multiple tubes if necessary. Place on ice for 1–2 h. Remix 100 µL/well of Reagent diluent, and incubate at room temper-
by moderate vortexing for 10 s. Centrifuge at 10,000 × g for ature (25 ± 5°) for 1–1.5 h. Near the end of the incubation
20 min at 1°–4°. Transfer the extract supernatant into a vial. period remove the prepared nerve tissue samples, Matrix
Store at below −40° until ready to be assayed. blank, and ChABC standard solution from the freezer, and al-

Sandwich enzyme-linked immunosorbent assay (ELISA) low to thaw at room temperature (25 ± 5°). Centrifuge the
[NOTE—Bring all stocks and reagents to room temperature prepared nerve tissue samples, Matrix blank, and/or ChABC
before use. Ensure all antibody and reagent stocks are fully standard solution(s) at 10,000 × g for 5 min. Gently vortex
solubilized and well mixed before use.] the ChABC standard solution. Aspirate the Blocking buffer, and

Capture antibody25:  McChABC/6A12, 200 µL per vial at 1 add 200 µL/well of PBS + 0.1% triton X-100. Incubate for at
mg/mL IgG in PBS/0.05% NaN3. [NOTE—This antibody solu- least 10 min at room temperature. Aspirate immediately
tion contains 0.05% NaN3 as a preservative and can be before performing the next step, i.e., aspirate each well, row,
stored for at least 4 months at 4° after being thawed, or 4 or column just before adding the test sample or standard in
years at below −20°. Once thawed, stock should not be the following step. Add 100 µL/well of each prepared nerve
refrozen. Always bring stock to room temperature before di- tissue or ChABC standard diluted in Reagent diluent. Starting
luting and gently vortex.] with the ChABC stock solution make 6–8 non zero standards

Detection antibody26:  McChABC/1E10-biotin, 100 µL per (e.g. 0.75–100 ng/mL using 2-fold serial dilutions in PBS + 1%
vial at 1mg/mL IgG in PBS/0.05% NaN3. [NOTE—This an- BSA). Include 0-ng/mL control wells (matrix blank). Assay each
tibody solution contains 0.05% NaN3 as a preservative and standard in triplicate to obtain the standard curve. Assay pre-
can be stored for at least 4 months at 4° after being thawed, pared nerve tissue samples as a 50% dilution with distilled
or 4 years at below −20°. Once thawed, stock should not be water to bring in line with buffer solution of assay. Cover with
refrozen. Always bring stock to room temperature before di- adhesive film, and incubate for 2–2.5 h at room temperature
luting and gently vortex.] (25 ± 5°) with gentle mixing on a rocking platform. Aspirate,

Control ChABC standard27:  Purified ChABC protein at 100 then wash with PBS + 0.1% triton X-100 (200 µL/well) for 5
ng/mL in PBS/1% BSA min. Repeat for a total of three washes, aspirating between

Detection reagent28:  Streptavidin conjugated to horseradish- the 5 min washes. Dilute the Detection antibody stock solution
peroxidase. Reagent is received as a liquid from the manufac- to 1.0 µg/mL in Reagent diluent. Add 100 µL/well of the De-
turer and is diluted 1:4000 immediately before use. Store tection antibody working dilution to the 96 well plate. Cover
according to the manufacturer’s instructions. with adhesive film, and incubate for 1–1.5 h at room temper-

Wash buffer:  Add 10 mL of 10% triton X-100 stock solu- ature with gentle agitation on a rocking platform. Aspirate,
tion29 to 990 mL of 0.4 M phosphate buffer. The expiration then wash with PBS + 0.1% triton X-100 (200 µL/well) for 5
date is 4 weeks after preparation of the solution. Store at min. Repeat for a total of three washes, aspirating between
room temperature. the 5 min washes. Dilute the Detection reagent 1:4000 in the

Reagent diluent:  1.0 g of BSA30 per 100 mL of PBS. Sterile Reagent diluent immediately before use. Add 100 µL/well of
filter. Store at 4°. The expiration date is 1 month after Detection reagent working dilution to the 96 well plate. Cover,
preparation. and incubate for 30–40 min at room temperature on a rock-

0.1 M Phosphate/0.05 M Citrate buffer, pH 5.0:  Dissolve ing platform. [NOTE—Keep the plate covered during incuba-
9.6 g of citric acid and 14.2 g of dibasic, anhydrous sodium tion steps for the remainder of the assay to minimize exposure
phosphate in 820 mL of distilled water. Adjust the pH to to direct light.] Wash five times with PBS + 0.1% triton X-100
5.0 ± 0.5 with concentrated sulfuric acid or NaOH as neces- (200 µL/well) for 5 min each. During the last wash period,
sary. Bring the total volume to 1 L, and mix. [NOTE—Buffer begin preparing the Substrate solution. Obtain at least 20 mL
must be made within 8 h of use.] of 0.1 M Phosphate/0.05 M Citrate buffer, pH 5.0. Add 10 mg

Substrate solution:  o-Phenylenediamine (OPDA31), 0.05% in of OPDA per 20 mL of 0.1 M Phosphate/0.05 M Citrate buffer,
0.1 M Phosphate/0.05 M Citrate buffer, pH 5.0 plus 0.02% pH 5.0, and mix on a stir plate until completely dissolved. Add
H2O2 13 µL of 30% hydrogen peroxide (H2O2) per 20 mL of solu-

Stop solution:  10% Sulfuric acid 2 M. Mix 850 mL of dis- tion, and use immediately. Rinse the plate gently in running
tilled water with 111 mL of concentrated sulfuric acid, distilled water (to remove triton and any stray reagents). Flick
18 M.32  Bring up to 1 L with distilled water. Store at room the plate to remove water, slap several times into clean paper
temperature, and expiration is 1 year after creation of the towels, and wipe the underside of the wells clean. Add 150 µL
solution. /well of the Substrate solution to the wells. Incubate on a rock-

Hydrogen peroxide33:  20%–40% Certified ACS ing platform shaker at room temperature for 15 ± 1 min.
Analysis:  Immediately before use, dilute the Capture antibody [NOTE—While developing, protect plate from the light by cov-
working solution to 2 µg/mL in PBS. Add 100 µL/well to a 96 ering with a dark towel or foil.] Tap the plate for 10 s to mix
well plate. Cover the plate with adhesive film and let adsorb (or use mixing function in microplate reader), then make sure
overnight at 3°–6°. Completely remove the contents into a that absolutely no bubbles are present in any of the wells.

Read the product absorbance using a microplate spectropho-
25 The antibody is not commercially available and is supplied from the University tometer with a 492 nm filter (a 490 ± 5 nm filter is also ac-
of Florida, 32608 #McChABC/6A12. ceptable). Take readings within 10 min of adding the Stop
26 The antibody is not commercially available and is supplied from the University solution. Plot the OD readings for the standard. Determine the
of Florida, 32608 #McChABC/1E10-biotin. concentration of ChABC in the nerve samples from the stan-
27 A suitable manufactured product is available from Seikagaku Corporation, To- dard curve.
kyo 100-0005, Japan, CAS number 9024-13-9. Acceptance critieria:  Process enzyme residuals must be unde-
28 A suitable manufactured product is available from Dako, Carpinteria, CA, cata- tectable in Scaffold Human Peripheral Nerve.
logue #P0397. • VISUAL:  The processed nerve is visually inspected (under nor-
29 A suitable manufacturer of triton X-100 is Sigma-Aldrich, St. Louis, MO mal lighting with no magnification) to ensure that the nerve is
63103, catalogue #X100. not a blood vessel, tendon, or ligament; verification that the
30 A suitable manufactured product is available from Sigma-Aldrich, St. Louis, nerve microtubular structure is present; the nerve is a single
MO 63103, catalogue #A-9647. nerve free of branches or branch roots; the nerve is free of
31 A suitable manufactured product is available from Sigma-Aldrich, St. Louis, blood and extraneous tissue (adipose, muscle, tendon, vein);
MO 63103, catalogue #P1526. the nerve is free of particulate; and the nerve epineurial integ-
32 A suitable manufactured product is available from Fisher Scientific, Pittsburgh, rity is intact (no dehiscence, fraying, crushing, crimping, kink-
PA 15275, catalogue #A300. ing, cuts, or nicks). The color of the nerve is white, off white,
33 A suitable manufactured product is available from Fisher Scientific, Pittsburgh, pink, pale pink, yellow, or pale yellow.
PA 15275, catalogue #H325.
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• SAFETY:   It meets the requirements as set forth for Elution test show Scaffold Human Peripheral Nerve that has unacceptable
in Biological Reactivity Tests, In Vitro 〈87〉, and for Systemic Injec- structural preservation of the ECM. Scale bars are 500 µm for
tion Test, Intracutaneous Test, and Implantation Test in Biological photomicrographs 17, 19, 21, and 23 and 100 µm for pho-
Reactivity Tests, In Vivo 〈88〉. tomicrographs 18, 20, 22, and 24.■2S (USP34)

• SUTURE PULLOUT:   Representative segments of Scaffold Human
Peripheral Nerve (1 cm in length) are tested. Diameters of
samples should be representative of the lot tested. Using an

BRIEFINGappropriate suture material (e.g., 9-0 nylon suture), thread
through the epineurium only (i.e., an epineurial suture as used
in clinical practice) with the suture exiting the epineurium 1–3
mm from the scaffold face. Tie off the suture such that a loop Scaffold Porcine Dermis.  Because there is no existing USP
of suture approximately 2 cm in length is present. Repeat this monograph for this product, a new monograph is being
procedure such that two loops of suture on opposite ends proposed.
(i.e., 180° apart) of the same face of the scaffold are present.
Secure the non-sutured end of the scaffold in the clamp of a
commercially available material test system. Using a hook at- (BB CGT: F. Atouf.) RTS—C70801tachment, secure one of the suture loops to the opposite arm
of the testing apparatus with the system under no tension. Pull
the two apparatus arms apart at 2 mm/s while concurrently
measuring the force exerted. Record the maximum force (N)
measured. Repeat with the second suture loop and average
the results. The suture retention force measured for each is Add the following:
NLT 0.42 N.

• STERILITY TESTS 〈71〉:  Meets the requirements
.

ADDITIONAL REQUIREMENTS ■Scaffold Porcine Dermis
• LABELING:  The package label indicates the length and diameter

of the Scaffold Human Peripheral Nerve. The label also con- DEFINITION
tains the lot number, expiration date, required storage condi- Scaffold Porcine Dermis surgical mesh is derived from porcine
tions, cautionary statements pertaining to package handling, skin, processed to remove hair, cells, and cell components as
and manufacture and/or distributor contact information. “In- well as other antigenic material present in the dermal tissue
structions for Use”, which includes a summary of records used matrix. By dried weight, Scaffold Porcine Dermis consists of ap-
to make donor eligibility determination and necessary informa- proximately 93.5% protein, about 5.6% lipid, and about 0.9%
tion for properly using the product for its intended use, is carbohydrates. The scaffold does contain collagen type I, colla-
provided with each unit. gen type II, collagen type III, and collagen type IV. It is bio-

• PACKAGING, STERILIZATION, AND STORAGE:  Scaffold Human Pe- compatible and supports remodeling by the recipient’s own tis-
ripheral Nerve is aseptically packaged in a single-use plastic sue. The porcine skin is processed in a manner that removes
tray and is supplied in a frozen condition in two peel-open cellular components including the epidermal layer and dermal
pouches. Scaffold Human Peripheral Nerve is supplied in vari- cells. Scaffold Porcine Dermis does not contain intact cells or
ous lengths and diameters. cell nuclei. To prevent the transmission of infectious disease,

• USP AUTHENTIC VISUAL REFERENCES 〈11〉 the manufacturing process has been validated to inactivate vi-
USP Scaffold Human Peripheral Nerve Reference Photomi- ruses potentially present in the source material. The product
crographs: The samples are prepared as directed in the test can be provided in a sheet or meshed configuration. The Scaf-
for Histological Evaluation. Photomicrographs 1 through 8 fold Porcine Dermis is terminally sterilized. The final product is
show the histological appearance of passing histological eval- inspected and tested to assure the product meets the
uation for the removal of cells/cellular debris (neurofilament). specifications.
Photomicrographs 1 and 2 show the positive control appear-
ance, and photomicrographs 3 and 4 show the negative con- SPECIFIC TESTS
trol appearance. Photomicrographs 5 and 6 show Scaffold • HISTOLOGICAL EVALUATION
Human Peripheral Nerve that has been adequately cleared of Sucrose solution:  Dissolve 20 g of sucrose in 100 mL of
neurofilament, and photomicrographs 7 and 8 show Scaffold water.
Human Peripheral Nerve that has not been adequately Tissue preparation:  Rinse/soak the Scaffold Porcine Dermis
cleared of neurofilament. Scale bars are 500 µm for photomi- sample in several changes of normal saline solution. Cut the
crographs 1, 3, 5, and 7 and 100 µm for photomicrographs Scaffold Porcine Dermis sample into a piece(s) approximately
2, 4, 5, and 8. 1.3 cm × 0.5 cm in size, and place into a suitable histological

Photomicrographs 9 through 16 show the histological appear- tissue cassette for histology processing and paraffin embed-
ance of passing histological evaluation for the clearance of ding. Place the cassettes in 10% neutral buffered formalin1  at
CSPG. Photomicrographs 9 and 10 show the positive control room temperature for a minimum of 24 h. [NOTE—The cas-
appearance, and photomicrographs 11 and 12 show the settes may be kept at room temperature for 1 month.] From
negative control appearance. Photomicrographs 13 and 14 the same lot, cut two to three 1.0 cm × 0.5 cm pieces of
show Scaffold Human Peripheral Nerve that has been ade- Scaffold Porcine Dermis for immunohistochemical (IHC) stain-
quately cleared of CSPG, and photomicrographs 15 and 16 ing and place in a vial containing Sucrose solution. Store at
show Scaffold Human Peripheral Nerve that has not been 2°–8° for a minimum of 4 h, and a maximum of 2 weeks.
adequately cleared of CSPG. Scale bars are 200 µm for pho- Embedding and sectioning of histological evaluation sam-
tomicrographs 9, 11, 13, and 15 and 100 µm for photomi- ples:  Place all cassettes to be processed into a suitable histo-
crographs 10, 12, 14, and 16. logical cassette basket with the addition of one cassette con-

Photomicrographs 17 through 24 show the histological ap- taining formalin fixed skin to serve as a process control. The
pearance of passing histological evaluation for the structural following steps should be performed using a vacuum infiltra-
preservation of the laminin and identification that the tissue tion tissue processor.2  At room temperature, fix the tissue
is nerve (laminin presence in tubular structure-ECM). Photo- samples in 10% neutral buffered formalin, dehydrated
micrographs 17 and 18 show the positive control appear- through graded reagent alcohols (70%, 80%, 95%, and
ance, and photomicrographs 19 and 20 show the negative

1 10% Neutral buffered formalin can be purchased through Statlab Medicalcontrol appearance. Photomicrographs 21 and 22 show Scaf-
Products, Inc., Lewisville, TX.fold Human Peripheral Nerve that has acceptable structural
2 A suitable processor can be the Tissue Tek V.I.P. Model #1000 vacuum infiltra-preservation of the ECM, and photomicrographs 23 and 24
tion tissue processor or the Leica ASP300 tissue processor.
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100%3  for 45 min). Clear the tissue samples in a xylene sub- 0.8 g/L of sodium azide, and 0.011 g/L of calcium chloride
stitute,4  and infiltrate with paraffin5  at 60°. (anhydrous), and store at room temperature.
The following embedding procedure can be performed with Biotinylated lectin:  Reconstitute biotinylated griffonia sim-
the use of a histology tissue embedding unit, consisting of a plicifolia lectin I isolectin B48 per the manufacturer’s in-
thermal console, dispensing console, and cryo-console. Open structions. Then perform a 1:50 dilution (10 µg/mL prepa-
the histological cassette. Partially fill the embedding molds ration) in Lectin dilution buffer, and store at 4°.
with molten paraffin (60°), and cool until completely solidi- Streptavidin horseradish peroxidase (HRP)9 :  Dilute the
fied. Remove the solidified paraffin blocks from the embed- streptavidin HRP 1:250 with Diluent PBS, and store at 4°.
ding molds for sectioning. Perform the sectioning of paraffin- 0.5 M PBS, pH 7.4:  Prepare by combining 8.5 g of NaCl,
embedded samples on a suitable microtome.6  Clamp the 0.85 g of dibasic sodium phosphate, and 0.54 g of mono-
tissue block into the holder of the microtome. Fill a histologi- basic potassium phosphate in 1 L of water. Adjust with
cal water bath with fresh water [NOTE—A quarter teaspoon of 1.0–3.0 M sodium hydroxide to a pH of 7.4. Store at room
USP Gelatin may be added to the water bath for section temperature.
adhesion.], and maintain the water bath at 39 ± 2°. Cut sec- Analysis of Gal-α1-3-Gal epitope using IB4 lectin:  Fix the
tions to a thickness of 3–5 µm to form a ribbon, and gently test slide(s), along with a positive control (unprocessed skin)
lay the ribbon on the water bath. Place two consecutive sec- and negative control slides, in −20° acetone. Allow to dry, and
tions on each glass microscope slide. wash with PBS. Treat the sections with 3% H2O2, and wash

Embedding and sectioning of IHC samples:  Fill the histol- with PBS. Apply the Diluent PBS to the slides, and incubate at
ogy-embedding molds with a cryo-protectant embedding me- room temperature for 1 h to block nonspecific binding. After
dia. Transfer tissue pieces from the Sucrose solution to the em- incubation, remove the Diluent PBS. Apply the Biotinylated lec-
bedding media in the mold. Orient the tissue so that cross- tin, and incubate at room temperature for 1 h. Following in-
sections can be cut, and let sit for 1–30 min. Freeze the molds cubation, remove the Biotinylated lectin, and wash the slides
with liquid nitrogen, and store at −80°. Remove the frozen with PBS. Apply the Streptavidin HRP, and incubate the slides
blocks from the molds for sectioning. Cryo-section each block at room temperature for 30–45 min. Following incubation,
to 4–7 µm in thickness, and place at least two sections on wash the slides with PBS. Add diaminobenzadine10  to the
each slide. Slides should be stored at −70° to −85°. positive control to determine the time of chromogen develop-

Hematoxylin and eosin sample staining ment. Once this time has been determined, treat the negative
Reagents control and test slide(s) with diaminobenzadine for this devel-
[NOTE—Store all solutions at room temperature.] opment time. Rinse the sections in tap water. Counterstain
1% Acid alcohol solution:  Alcohol, hydrochloric acid, and the slides with harris hematoxylin and rinse in tap water. Dif-
water (1309:20:509) ferentiate the slides with 1% acid alcohol, rinse in tap water,

100% Reagent alcohol:  Purchased neutralize with saturated lithium carbonate, and rinse again in
95% Reagent alcohol:  Alcohol and water (190:10) tap water. Dehydrate the sections through graded reagent al-
80% Reagent alcohol:  Alcohol and water (160:40) cohols (95% and 100%) and XS-3 xylene substitute. Protect
70% Reagent alcohol:  Alcohol and water (140:60) the slides with coverslips using a suitable mounting medium.
Saturated lithium carbonate solution:  Water and lithium Evaluate the positive control and negative control slides to
carbonate (200:2) (v:w) assure successful staining.

Analysis:  De-paraffinize the slide with affixed tissue (sections) Control slides:  The negative control (human acellular dermal
in three changes of xylene substitute rehydrated in graded matrix (HADM)) contains no Gal-α1-3-Gal and the positive
reagent alcohols (100% and 95%), and rinse in tap water. control (non-α-galactosidase treated acellular porcine dermis)
Stain the sections with hematoxylin. Rinse, decolorize with contains a full complement of Gal-α1-3-Gal.
1% Acid alcohol solution, and neutralize with Saturated lithium Acceptance criteria:  Assess sections for the presence of Gal-
carbonate solution. Counterstain the sections with 1% alco- α1-3-Gal by comparison to the positive control slide. The
holic eosin-Y dehydrated through graded reagent alcohols presence of Gal-α1-3-Gal will appear as brown staining in the
(95% and 100%) and xylene or xylene substitute, and then tissue sections (similar to that of the positive control) when
protect with a coverslip. A positive control (unprocessed skin) viewed under a light microscope. Acceptable tissue sections
is processed and stained with each batch to ensure successful that lack, or have reduced levels of, Gal-α1-3-Gal will have a
staining. decrease in staining intensity as compared to the positive

Acceptance criteria:  Adequate staining is defined by a blue control, and appear more similar to the negative control.
nuclear stain and a pink-red cytoplasm. Assess sections for [NOTE—The two photomicrographs represent the positive
tissue matrix integrity. They are acceptable if they pass the and negative controls for the specified histological evaluation.
following criteria: they must not show evidence of intact epi- They are specified to assist in ascertaining histological
dermal or dermal cells, and must not show evidence of wide- quality.]
spread collagen damage (broken, condensed, or distorted fi- • BIOCHEMICAL ANALYSIS
bers) or unrecognizable papillary layer as shown in the USP Glycosaminoglycan (GAG) content
Scaffold Porcine Dermis Reference Photomicrographs7  of 50 mM Sodium acetate:  Dissolve 1.03 g of sodium acetate
products with acceptable appearance. in 250 mL of water.

IHC sample staining Sample GAG solution:  Rinse/soak 20 mg in normal saline
Reagents solution. Freeze the sample, and mill the sample using a

Diluent PBS:  Combine 0.250 g of bovine serum albumin freezer mill.11  Suspend a 20-mg sample in 10 mL of 4 M
(BSA) and 25 mL of phosphate buffered saline (PBS), and guanidine HCl; 50 mM Sodium acetate; 5 mM EDTA; 0.1 mM
store between 2° and 8° for up to 1 year. PMSF; 10 mM NEM; and 0.2% triton X-100, pH 5.8; and

Lectin dilution buffer:  Prepare 1 L of Lectin dilution buffer extract for 48 h at 4°, with agitation. Centrifuge for 10 min
by adding 2.383 g/L of HEPES (pH 7.5), 8.766 g/L of NaCl, at 4° at 23,500 × g. Remove the supernatant, and digest

with 20 µL of chondroitinase ABC,12  1 mU/µL.
3 Graded alcohols: 70%, 80%, and 95% are prepared using 100% reagent alco-
hol such as that purchased from Statlab Medical Products, Inc., Lewisville, TX. 8 A suitable biotinylated griffonia simplicifolia lectin I isolectin B4 is available
4 Such as a citrus clearing solvent from Richard-Allen Scientific, Kalamazoo, MI. from Vector Laboratories, 30 Ingold Rd., Burlingame, CA 94010, catalogue
5 Such as Paraplast, Extra manufactured by McCormick Scientific, St. Louis, MO. #B1205.
6 Such as Leica RM 2155 or RM 2255 Rotary Microtome. 9 A suitable streptavidin HRP conjugate is available from Invitrogen, 1600 Fara-
7 These photomicrographs are available as a CD from the USP Reference Stan- day Ave., PO Box 6482 Carlsbad, CA 92008, catalogue #43-4323.
dards collection, available to the reader through USP Customer Services. To 10 A suitable diaminobenzadine is available from Invitrogen, 1600 Faraday Ave.,
order these and other Reference Standards, call 1-800-227-8772 (U.S. and Ca- PO Box 6482, Carlsbad, CA 92008, catalogue #750118.
nada), +1-301-881-0666 or 00-800-4875-5555 (select Europe), or visit 11 Such as SPEX/CertiPrep Freezer/Mill.
www.usp.org. 12 A suitable chondroitinase is available from Seikagaku, Tokyo, Japan, catalogue

#100330.
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DMMB reagent:  Dissolve 16 mg of 1,9 dimethyl-methylene tubes to the freeze dryer shelf, and seal the door. At the
blue (DMMB) in 5 mL of ethanol. Add 3.24 mL of formic end of the freeze dryer cycle, end the program, and trans-
acid and 2.94 mL of 10 M sodium hydroxide. Bring to 1000 fer the samples to a nitrogen dry box.
mL with water. Calculations

Analysis:  Add 15 µL of Sample GAG solution to each well of a Normalization value:  This value compensates for the dif-
96-well microtiter plate. To each sample add 200 µL DMMB ference in weight that may occur between the control
reagent and 35 µL of 50 mM Sodium acetate. Read the sam- samples and the individual test samples. It is calculated by
ples on a spectrophotometric microplate reader at 540 nm, dividing the average of the control sample wet weights
using 595 nm as a reference. Perform the same procedure on (samples 5 and 6) by the individual sample wet weights
a sample of bovine collagen type I13 negative control and (samples 1–4), then multiplying by 100. Each sample will
positive controls hyaluronic acid14  and chondroitin sulfate,15 have its own Normalization value.
using 15 µL each of 3-mg/mL solutions. Percentage of tissue remaining:  This is the percentage

Acceptance criteria:  Will contain GAG as represented by of tissue that remains following the 6-h collagenase diges-
positive control standards. GAG concentration can be deter- tion. It is calculated by dividing the individual sample dry
mined by the preferential binding of DMMB dye to nega- weight by the average of the control dry weights, then
tively charged ions such as sulfated GAGs. multiplying by the Normalization value. Each sample will

Collagenase susceptibility have its own Percentage of tissue remaining value.
Collagenase susceptibility sample solution Average and standard deviation:  Calculated from the

Tris buffer solution:  Add 1.576 g of Tris-HCl, 0.555 g of four individual samples’ Percentage of tissue remaining
anhydrous CaCl2, and 1 L of distilled water. Adjust the pH values
to 7.5. The solution can be stored at 4° for up to 2 Acceptance criteria:  Record the Normalization value, Per-
months. centage of tissue remaining, and Average and standard

Collagenase solution:  Add 1.9 mL of anhydrous glycerol deviation. The Percentage of tissue remaining should be NLT
to 23.1 mL of Tris buffer solution. Add lyophilized type I 46% and NMT 75%.
collagenase16  to a final enzyme activity of 2500 units/mL • THERMAL ANALYSIS:  Measure the thermal characteristics of each
based on a total volume of 25 mL. Collagenase solution is Scaffold Porcine Dermis sample using a differential scanning
photosensitive, and can be stored at −20° or below for up calorimeter as directed under Thermal Analysis 〈891〉. Rinse the
to 1 year in 1.2- to 1.5-mL aliquots. Scaffold Porcine Dermis with 0.9% saline, and heat an approx-

Analysis:  Rinse/soak all tissue to be tested on an orbital imately 12- to 23-mg sample at a rate of 3°/min from 2° to
shaker in six separate volumes of approximately 40 mL of 105°.
0.9% NaCl for a sample size of 2 cm × 5 cm. The total Acceptance criteria:  Scaffold Porcine Dermis displays a single
rehydration time should be between 4 and 24 h. Once thermal transition peak between 49° and 65°.
rinsed/soaked, remove the tissue from the saline and dry it • BIOMECHANICAL ANALYSIS
with gauze. Cut six pieces of tissue from each sample, and Tensile strength:  Cut test specimens 1-cm wide × 5-cm long
weigh each piece to ensure that it falls within the specified from representative pieces from final product lots after being
weight range (68.0 mg ± 3 mg). Then add 1.5 mL of Tris rinsed/soaked in 75–125 mL of saline for a minimum of 2 min
buffer solution to each tube, and incubate overnight at up to 4 h. Measure the thickness of the specimens. Test the
1–10°. After the incubation, vortex each tube for 10 s and specimens with a commercially available material test sys-
centrifuge at 13,362 × g for 5 min, and discard the tem.19  Mount and align the specimen, gripping the test spec-
supernatants. Add 1.5 mL of warm (37°) Tris buffer solution imen on both ends to ensure a test specimen gauge length of
to each tube, and repeat the vortexing and centrifugation 40 mm. Pull the grips apart at 1.65 mm/min while concur-
steps. Add 60 µL of Collagenase solution to test samples rently measuring the force exerted on the specimen. Record
1–4, and 60 µL of Tris buffer solution to control samples 5 the maximum force (N) measured during testing.
and 6. Mix the tubes by gentle inversion, and incubate Calculation:  Maximum load is calculated as the material test
them at 37° upright on an orbital shaker for 6 h ± 5 min. system searches all the data on the load channel and sequen-
Remove the samples from the shaker, and centrifuge them tially compares each point with the highest point found to
at 13,362 × g for 10 min, and discard the supernatant. determine the absolute maximum.
Poke 1–3 holes in the top of each tube, and place the Acceptance criteria:  The tensile strength measured for each
samples in a −20° to −80° freezer for 15 min, or until lot is NLT 23 N for a 1-cm wide × 5-cm long test sample of
frozen. Scaffold Porcine Dermis.

Freeze-drying using lyopholizer17 :  Place all of the frozen Suture retention force:  Cut representative 2-cm × 3-cm test
samples into a glass lyopholizer container. Affix the rubber specimens from final product lots after being rinsed/soaked in
gasket, and attach to a lyopholizer port. Turn the valve on, 75–125 mL of saline for a minimum of 2 min up to 4 h. Using
and allow the samples to freeze dry overnight. At the end the appropriate suture material (e.g., #0 Prolene suture with
of the freeze dryer cycle, turn the valve to vent, and trans- tapered needle or a #2 FiberWire suture with tapered needle),
fer the samples to a nitrogen dry box. Arrange the samples thread the suture 7.5 mm from the side and 5 mm from the
in a tube rack to expedite weighing. Place one tube rack at top of the sample. The suture should be attached to the test
a time in a sealed bag prior to removing from the nitro- specimen in a mattress suture configuration with a 5-mm
gen. Quickly weigh the samples, so they have limited ex- spacing using the suture guide holes in the suture placement/
posure to air and humidity. tissue cutting template. Clamp the unsutured end of the test

Freeze-drying using freeze dryer18 :  Place the sample specimen to the lower grip. Clamp the sutured end of the test
tubes in a −20° to −80° freezer for 15 min, or until frozen. specimen to the upper pneumatic grip of a commercially
Select a 24–72 h drying cycle. When the freeze dryer shelf available material test system. Pull the grips apart at 750 mm/
temperature is between −10° and −30°, transfer the open min while concurrently measuring the force exerted. Record

the maximum force (N) measured for each specimen.
13 A suitable type I collagen is available from Invitrogen, 1600 Faraday Ave., PO Calculation:  Maximum load is calculated as the material test
Box 6482, Carlsbad, CA 92008, catalogue #100. system searches all the data on the load channel and sequen-
14 A suitable hyaluronic acid is available from Sigma, 3050 Spruce St., St. Louis, tially compares each point with the highest point found to
MO 63103, catalogue #H1876. determine the absolute maximum.
15 A suitable chondroitin sulfate is available from Sigma, 3050 Spruce St., St. Acceptance criteria:  The suture retention force measured for
Louis, MO 63103, catalogue #C4384. each lot is NLT 23 N for a 2-cm × 3-cm test sample of Scaf-
16 A suitable lyophilized type I collagenase is available from Sigma, 3050 Spruce fold Porcine Dermis.
St., St. Louis, MO 63103, catalogue #C0130.
17 A suitable lyopholizer such as the Savant Madulyo VLP200 Lyopholizer. 19 A suitable test system is available from Instron Corporation, 825 University
18 A suitable freeze dryer such as the Lyostar Freeze Dryer. Ave., Norwood, MA.
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• STERILITY TESTS 〈71〉:  Meets the requirements After adequate fixation, representative blocks of tissue should
be cut from the fixed tissue samples at approximately 2 cm ×

ADDITIONAL REQUIREMENTS 2 cm × 0.5 cm or smaller, and placed into standard tissue
• LABELING:  The package label indicates the length and width of processing cassettes (Tissue-Tek) with one tissue block per

the Scaffold Porcine Dermis. The label contains the lot num- cassette.
ber, expiration date, required storage conditions, cautionary Processing:  Dehydrate the fixed tissue samples by soaking in
statements pertaining to package handling, and manufacture 70% ethyl alcohol for 1 h, followed by 90% ethyl alcohol for
and/or distributor contact information. “Instructions for Use”, 1 h. Place tissue samples into three consecutive changes of
which includes the necessary information for properly using 100% ethyl alcohol each for 1 h, followed by 100% xylene for
the product for its intended use, are provided with each 1 h, ensuring no air bubbles are present. Repeat with a fresh
product. change of 100% xylene for 1 h. Place cassettes into paraffin

• PACKAGING AND STORAGE:  Scaffold Porcine Dermis is ascepti- molten wax (Fibrowax) for 1 h at 56°, ensuring no air bubbles
cally packaged and supplied in a double-pouch configuration. are present. Transfer the cassettes into fresh molten wax for a
Scaffold Porcine Dermis is supplied in various sizes and thick- further 1 h. Place the tissue samples, with correct orientation,
nesses. Scaffold Porcine Dermis is stored at room temperature. into metal wax block molds before placing onto ice, and allow

• USP AUTHENTIC VISUAL REFERENCES 〈11〉 to cool for 20 min.
USP Scaffold Porcine Dermis Reference Photomicrographs: Microtomy:  Using a microtome, cut 5-µm sections which are
The samples were prepared as directed in the test for Histo- floated on a water bath and collected on microscope slides.
logical Evaluation. Image 1 (porcine dermis) and image 2 Dry and fix sections to the slides by placing on a hot plate for
(Scaffold Porcine Dermis) are representative photomicro- 20 min.
graphs pre- and post-decellularization. Image 3 and image 4 Staining:  Dewax the slides by immersion in two changes of
are samples that were prepared as directed in the test for xylene for 10 min each, followed by immersion in two
Histological Evaluation (Gal-α1-3-Gal epitope using IB4 lectin). changes of absolute ethyl alcohol for 2 min, followed by a
[NOTE—The two photomicrographs represent the positive third change of absolute ethyl alcohol for a further 1 min.
and negative controls for the specified histological evaluation. Finally immerse in 70% ethyl alcohol for 1 min, and rinse the
They are specified to assist in ascertaining histological slides gently under running tap water at room temperature.
quality.]■2S (USP34) Immerse the slides in Mayer’s haematoxylin1  for 1 min. Re-

move excess haematoxylin by rinsing in three changes of dis-
tilled water, followed by immersion in Scott’s solution for 3
min, and a further three changes of distilled water. Counter

BRIEFING stain each section using eosin2  for 3 min. Dehydrate the sec-
tions by sequential immersion in 70%, 80%, 90%, and 100%
ethyl alcohol solutions for 1 min each. Place the sections in

Scaffold Porcine Dermis Cross-linked.  Because there is no two changes of xylene for 10 min each, mount each section
existing USP monograph for this product, a new monograph is using DPX3  mountant, and affix a cover slip. Cell nuclei will
being proposed. stain blue-purple with collagen structures staining pink-red.

Acceptance criteria:  The collagen structures of the Scaffold
Porcine Dermis Cross-linked stain pink-red. No evidence of cell
nuclei are apparent in prepared histological sections as shown(BB CGT: F. Atouf.) RTS—C83642
in the USP Scaffold Porcine Dermis Cross-linked Reference
Photomicrographs4  of products with acceptable histological
appearance.

• MOISTURE CONTENT
Preparation and analysis:  Proceed as directed under Loss on

Add the following: Drying 〈731〉 with tissue specific procedure as follows. Sieve
20 g of sand5  through a 50–150 mesh sieve, and dry at
102 ± 2° for at least 1 h. Cool to room temperature, and

. weigh to the nearest 0.1 mg. Homogenize the tissue sample,
■Scaffold Porcine Dermis Cross-linked weigh 3–5 g (to the nearest 0.1 mg) of the sample into the

dried sand, and weigh again. Add 2–3 mL of absolute ethyl
DEFINITION alcohol, and mix the sample and sand. Place the sample into
Scaffold Porcine Dermis Cross-linked is a biologically derived ster- boiling water to evaporate the ethanol, and transfer the dish

ile and durable collagen scaffold derived from porcine dermal to a drying oven at 102 ± 2° for 3 h. Remove the sample,
collagen. It is packaged hydrated ready to use in sterile saline place into a desiccator, and allow to cool to room tempera-
as a flat off-white sheet that can be cut to size, as required, ture before weighing.
prior to implantation. Calculation:  Calculate the moisture content (%):

The source porcine skin is mechanically and chemically processed
to isolate the dermal collagen and remove cells, non- Moisture content (%) = 100 × (m2 − m3)/(m2 − m1)
collagenous extracellular matrix proteins, and cellular compo-

m2 = mass of the sand and test sample before dryingnents. The manufacturing process has been validated to inacti-
m3 = mass of the sand and test sample after dryingvate or remove viruses potentially present in the source mate-
m1 = mass of the sand after dryingrial. The source material is acquired from approved sources
Acceptance criteria:  No specification is required for this test.which are inspected in accordance with relevant guidelines sub-
Moisture content is determined to enable dry weight calcula-ject to governmental oversight. The final product is inspected
tions of other test parameters such as Collagen Content.and tested to assure the product meets specifications.

1 A suitable reagent is available from Bios Europe Limited.SPECIFIC TESTS
2 A suitable reagent is available from Bios Europe Limited.• HISTOLOGICAL EVALUATION
3 A suitable reagent is available from Bios Europe Limited.Scott’s solution:  To 100 mL of 20% (w/v) magnesium
4 These photomicrographs are available as a CD from the USP Reference Stan-sulphate solution add 50 mL of 7% (w/v) sodium bicarbonate
dards collection, available to the reader through USP Customer Services. Tosolution and 850 mL of distilled water. Sterilize the solution by
order these and other Reference Standards, call 1-800-227-8772 (U.S. and Ca-autoclaving.
nada), +1-301-881-0666 or 00-800-4875-5555 (select Europe), or visitFixation:  Tissues should be placed in 10% neutral buffered
www.usp.org.formal saline for 7 days at 25 ± 3° to ensure complete fixation.
5 A suitable reagent may be obtained from BDH Laboratories.Tissue samples should be no more than 2 cm3, and the fixa-

tive to tissue ratio should be 15:1.
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• COLLAGEN CONTENT cotton wool in an extraction thimble to dry. Dry the residue
Calculate the Collagen Content from the hydroxyproline con- and double filter paper in an oven at 102 ± 2° for at least 15
tent of the tissue sample. min. Place the dry residue and filter paper in the extraction

Tissue preparation:  Cut tissue strips into small squares (ap- thimble containing the cotton wool, and plug the thimble
proximately 5 mm × 5 mm) using a sharp knife or scissors. with another wad of cotton wool. In a fume hood using a

Hydrolysis and filtration:  Weigh 1 ± 0.1 g of sample into a standard extraction apparatus, reflux the thimble with 150 mL
conical flask. Add 30 ± 1 mL of 3 M sulphuric acid to the flask, of petroleum spirit for 6 h ± 10 min. Distill off all of the
then lightly stopper the flask, and place it in an oven at petroleum spirit, and dry the empty flask in an oven at
105 ± 1° for 16 ± 2 h. Pass the hydrolysate through a 102 ± 2° for 30 ± 2 min. Cool the flask in a desiccator for at
Whatman No. 1 filter paper (or equivalent) into a 200-mL least 30 min before weighing (W3).
volumetric flask. Then wash the digestion flask and filter paper Calculation:  Calculate the fat content of the tissue sample:
with 30 ± 1 mL of hot 3 M sulphuric acid (pre-warmed to at

fat content (%) = [(W3 − W1)/W2] × 100least 60°). Filter the washings, and add them to the hydroly-
sate. Allow the hydrolysate to cool to room temperature, and

W3 = weight of the flask plus extracted, dried fatdilute to volume.
W1 = weight of the empty flaskDilution:  Further dilute the hydrolysate (2:250) in water.
W2 = weight of the tissue sample takenColorimetry:  Transfer 2 ± 0.02 mL of diluted hydrolysate and
Acceptance criteria:  The estimated fat content is expected toof each calibration standard solution (0, 0.5, 1.0, 1.5, 2.0, and
be ≤1%.2.5 μg/mL) to 10-mL test tubes. Add 1 ± 0.01 mL of 1.41%

• TENSILE STRENGTHchloramine T solution to each tube, and allow to stand at
Preparation and analysis:  Cut test specimens (10-mm wide ×room temperature for 20 ± 1 min. Add 1 ± 0.01 mL of 10% p-
150-mm long) from representative samples of the final prod-dimethylaminobenzaldehyde to each tube, and then place in
uct. Test the specimens using a commercially available mate-a water bath at 60 ± 0.5° for 20 min ± 30 s. Immediately
rial test system.6  Set the distance between the grips to 100remove the test tubes from the water bath, and place in cold
mm, and mount the specimen in the grips. Set the crossheadwater for at least 3 min. Let stand for at least 30 min ± 30 s.
speed to 100 mm/min, and test the specimen recording theThe color produced is stable for a further 90 min thereafter.
maximum force (N) measured during the test.Determination:  Determine the absorbance of the resulting so-

Acceptance criteria:  The measured tensile strength for eachlutions against the 0-μg/mL calibration at 560 nm.
lot is NLT 26 N. [NOTE—The tensile specification only appliesReagent blank:  Process a Reagent blank, 30 ± 1 mL of 3 M
to product of 1-mm thickness and above.]sulphuric acid, through the entire procedure starting from Hy-

drolysis and Filtration. Subtract the resulting absorbance (if • VISUAL INSPECTION:  Visually inspect each piece of final product
positive) from the sample absorbances prior to Calculation. under white light for the presence of particulates, cosmetic

Calculation:  Construct and use a calibration graph of stan- defects, and for pore size. Scaffold Porcine Dermis Cross-linked
dard concentration (μg/mL) against absorbance to determine is white/off-white without the presence of particulates or cos-
hydroxyproline in samples. The relationship between the stan- metic defects. Pores should be less than 2 mm in diameter.
dard concentration (μg/mL) and absorbance is linear. • STERILITY TESTS 〈71〉:  Meets the requirements

ADDITIONAL REQUIREMENTShydroxyproline (g/100 g) = C × V × D/W × F
• PACKAGING AND STORAGE:  The package is a sterile double vac-

C = concentration derived from the calibration graph uum packed and heat sealed peel-open aluminum foil (inner)
(μg/mL) and peel-open polyester/polyethylene (outer) pouch which is

V = volume, 200 mL impermeable to moisture, light, and gas. It should be stored in
D = dilution factor, 125 clean, dry conditions between 2° and 38° and away from a
W = weight (g) direct heat source.
F = unit conversion, 10,000 • LABELING:  The label states that it is derived from porcine skin.
Calculate the Collagen Content of the tissue sample: It is labeled with the dimensions of the product, expiration

date, required storage conditions, lot number, part number,
Collagen Content (%, w/w) = [hydroxyproline (g/100 g)/(100 − and manufacturer’s name and address. The label indicates that

moisture content (%)) × 8.3] × 100 the product is sterile and is designed for single patient, one-
time use. The labeling cautions the user to inspect the packag-

Acceptance criteria:  The estimated Collagen Content is ex- ing for damage and to discard the product if the packaging
pected to be >79%. has been compromised. The labeling also cautions the user to

• FAT CONTENT only use the product if moist when opened. Each device is
Digestion and analysis:  Subject the dried residue from the supplied with a clear instruction for the product’s intended
determination of moisture to Soxhlet extraction using a stan- use.
dard apparatus. Dry an extraction flask in an oven at 102 ± 2° • USP VISUAL REFERENCE STANDARDS 〈11〉
for at least 2 h. Remove the flask from the oven, place in a USP Scaffold Porcine Dermis Cross-linked Reference Photo-
desiccator, and allow to cool to room temperature before micrographs: These photomicrographs represent the histo-
weighing (W1). Weigh 5 g of the dried tissue sample (W2) logical examples of passed product (photomicrographs 1A
into a beaker, and add 100 mL of 3 M hydrochloric acid and and 1B) and of failed, cell-containing source material (photo-
anti-bump granules. Cover the beaker, place on a hotplate in micrographs 2A and 2B). The samples were prepared as di-
a fume hood, and boil for 1 h. Remove from the hotplate, rected in the test for Histological Evaluation.■2S (USP34)
and add 1–2 g of filter aid. Allow the beaker and contents to
cool, then filter through double 2V paper ensuring all material
is removed from the beaker using deionized water. Wash the
residue retained on the filter paper with deionized water until

6 A suitable material test system is available from Instron, Coronation Rd., Higha neutral filtrate is obtained (determined using universal indi-
Wycombe, Bucks, HP12 3SY, UK.cator paper). Wet a small wad of cotton wool with acetone,

and mop up any fat adhering to the beaker walls. Place the
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BRIEFING Delete the following:

.Smallpox Vaccine,  USP 32 page 3561. See Briefing under Anti-
venin (Crotalidae) Polyvalent monograph. ■Tetanus Toxoid

DEFINITION
Tetanus Toxoid conforms to the regulations of the FDA concern-(BB VV: M. Kibbey.) RTS—C90313

ing biologics (see Biologics 〈1041〉). It is a sterile solution of the
formaldehyde-treated products of growth of the tetanus bacil-
lus (Clostridium tetani). It meets the requirements of the specific
guinea pig potency test of antitoxin production based on the
U.S. Standard Tetanus Antitoxin and the U.S. Control Tetanus

Delete the following: Test Toxin. It meets the requirements of the specific guinea pig
detoxification test. It contains NMT 0.02% of residual free for-
maldehyde. It contains a preservative other than a phenoloid

. compound.
■Smallpox Vaccine

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve at between 2° and 8°.DEFINITION
• EXPIRATION DATE:  The expiration date is no later than 2 yearsSmallpox Vaccine conforms to the regulations of the FDA con-

after date of issue from manufacturer’s cold storage (5°, 1cerning biologics (630.70 to 630.76) (see Biologics 〈1041〉). It is
year).a suspension or solid containing the living virus of vaccinia of a

• LABELING:  State that it is not to be frozen.■2S (USP34)strain of approved origin and manipulation, that has been
grown in the skin of a vaccinated bovine calf. It meets the
requirements of the specific potency test using embryonated
chicken eggs in comparison with the U.S. Reference Smallpox

BRIEFINGVaccine in the case of Vaccine intended for multiple-puncture
administration, or with such Reference Vaccine diluted (1:30) in
the case of Vaccine intended for jet injection, and it meets the
requirements for the tests for absence of specific microorgan- Tetanus Toxoid Adsorbed,  USP 32 page 3688. See Briefing
isms. It may contain a suitable preservative. under Antivenin (Crotalidae) Polyvalent monograph.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve and dispense in the con-

(BB VV: M. Kibbey.) RTS—C90313tainers in which it was placed by the manufacturer. Keep liq-
uid Vaccine during storage and in shipment at a temperature
below 0°. Keep dried Vaccine at a temperature between 2°
and 8°.

• EXPIRATION DATE:  The expiration date for liquid Vaccine is not
later than 3 months after date of issue from the manufactur- Delete the following:
er’s cold storage (−10°, 9 months as glycerinated or equivalent
preparation). The expiration date for dried Vaccine is not later

.than 18 months after date of issue from the manufacturer’s
cold storage (5°, 6 months). ■Tetanus Toxoid Adsorbed

• LABELING:  Label the Vaccine to state that it contains NMT 200
microorganisms/mL in the case of Vaccine intended for multi- DEFINITION
ple-puncture administration, or that it contains NMT 1 micro- Tetanus Toxoid Adsorbed conforms to the regulations of the FDA
organism/100 doses in the case of Vaccine intended for jet concerning biologics (see Biologics 〈1041〉). It is a sterile prepa-
injection, unless it meets the requirements for sterility. In the ration of plain tetanus toxoid that meets all of the requirements
case of Vaccine intended for jet injection, so state on the label. for that product with the exception of those for potency, and
In the case of dried Vaccine, label it to state that after consti- that has been precipitated or adsorbed by alum, aluminum hy-
tution, it is to be well shaken before use. Label it also to state droxide, or aluminum phosphate adjuvants. It meets the re-
that it was prepared in the bovine calf.■2S (USP34) quirements of the specific mouse or guinea pig potency test of

antitoxin production based on the U.S. Standard Tetanus Anti-
toxin and the U.S. Control Test Tetanus Toxin. It meets the
requirements of the specific guinea pig detoxification test.

BRIEFING
IMPURITIES
inorganic Impurities
• ALUMINUM CONTENT:  It contains not more than 0.85 mg/singleTetanus Toxoid,  USP 32 page 3688. See Briefing under Antive-

injection, determined by analysis, or not more than 1.14 mgnin (Crotalidae) Polyvalent monograph.
calculated on the basis of the amount of aluminum com-
pound added.

(BB VV: M. Kibbey.) RTS—C90313 ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve at a temperature between

2° and 8°.
• EXPIRATION DATE:  The expiration date is not later than 2 years

after the date of issue from the manufacturer’s cold storage
(5°, 1 year).

• LABELING:  Label it to state that it is to be well-shaken before
use and that it is not to be frozen.■2S (USP34)
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BRIEFING Delete the following:

.Tetanus and Diptheria Toxoids Adsorbed for Adult Use,
■ThrombinUSP 32 page 3688. See Briefing under Antivenin (Crotalidae) Poly-

valent monograph.
DEFINITION
Thrombin conforms to the regulations of the FDA concerning bio-

logics (see Biologics 〈1041〉). It is a sterile, freeze-dried powder(BB VV: M. Kibbey.) RTS—C90313 derived from bovine plasma containing the protein substance
prepared from prothrombin through interaction with added
thromboplastin in the presence of calcium. It is capable, with-
out the addition of other substances, of causing the clotting of
whole blood, plasma, or a solution of fibrinogen. Its potency is

Delete the following: determined in U.S. Units in terms of the U.S. Standard Throm-
bin in a test comparing clotting times of fibrinogen solution.

. ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve at a temperature between■Tetanus and Diphtheria Toxoids

2° and 8°. Dispense it in the unopened container in which itAdsorbed for Adult Use was placed by the manufacturer.
• EXPIRATION DATE:  The expiration date is NMT 3 years after theDEFINITION date of manufacture.Tetanus and Diphtheria Toxoids Adsorbed for Adult Use conforms • LABELING:  Label it to indicate that solutions of Thrombin are toto the regulations of the FDA concerning biologics (see Biologics be used within a few hours after preparation and are not to be〈1041〉). It is a sterile suspension prepared by mixing suitable injected into or otherwise allowed to enter large bloodquantities of adsorbed diphtheria toxoid and adsorbed tetanus vessels.■2S (USP34)toxoid using the same precipitating or adsorbing agent for

both toxoids. The antigenicity or potency and the proportions
of the toxoids are such as to provide, in each dose prescribed
in the labeling, an immunizing dose of Tetanus Toxoid Ad- BRIEFING
sorbed as defined for that product, and one-tenth of the im-
munizing dose of Diphtheria Toxoid Adsorbed as defined for
that product for children, such that in the specific guinea pig Triamcinolone Acetonide Injectable Suspension,  USP 32antigenicity test it meets the requirement of production of NLT page 3784. On the basis of comments received, it is proposed0.5 unit of diphtheria antitoxin/mL and each immunizing dose to add a requirement for Uniformity of Dosage Units. It is alsohas an antigen content of NMT 2 Lf (flocculating units) value proposed to update information in the Chromatographic systemas measured with the U.S. Reference Diphtheria Antitoxin for section of the Assay to specify the flow rate, and add storageFlocculation Test. Each component meets the other require- conditions to the Packaging and Storage section.ments for those products. It contains NMT 0.02% of residual-
free formaldehyde.

ADDITIONAL REQUIREMENTS (SM4: M. Waddell.) RTS—C83922
• PACKAGING AND STORAGE:  Preserve at a temperature between

2° and 8°.
• EXPIRATION DATE:  The expiration date is not later than 2 years

after date of issue from manufacturer’s cold storage (5°, 1
.

year). Triamcinolone Acetonide Injectable
• LABELING:  Label it to state that it is to be well-shaken before Suspensionuse and that it is not to be frozen.■2S (USP34)

DEFINITION
Triamcinolone Acetonide Injectable Suspension is a sterile suspen-

sion of Triamcinolone Acetonide in a suitable aqueous medium.BRIEFING
It contains NLT 90.0% and NMT 115.0% of the labeled
amount of C24H31FO6.

Thrombin,  USP 32 page 3735. The Biologics & Biotechnology IDENTIFICATION
Blood and Blood Products Expert Committee reviewed this ab- • A. INFRARED ABSORPTION 〈197K〉
breviated monograph and recommended that it be deleted due Sample:  Extract a volume of Injectable Suspension, equivalent
to lack of quality information. to 50 mg of triamcinolone acetonide, with two 10-mL por-

tions of peroxide-free ether, and discard the ether extracts.
Filter with the aid of suction, wash with small portions of
water, and dry the precipitate at 105° for 1 h.(BB BBP: M. Kibbey.) RTS—C92440

• B. ULTRAVIOLET ABSORPTION 〈197U〉
Sample solution:  20 µg/mL in methanol, using the triamcino-
lone acetonide obtained from Identification test A
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ASSAY light. ■Store at controlled room temperature. Do not
freeze.■2S (USP34)

• USP REFERENCE STANDARDS 〈11〉Change to read: USP Endotoxin RS
USP Triamcinolone Acetonide RS

• PROCEDURE
Mobile phase:  Acetonitrile and water (30:70)
Internal standard solution:  84 µg/mL of fluoxymesterone in BRIEFINGmethanol
Standard stock solution:  200 µg/mL of USP Triamcinolone
Acetonide RS in methanol

Triamcinolone Hexacetonide,  USP 33 Reissue page R-549. ItStandard solution:  80 µg/mL of USP Triamcinolone Acetonide
is proposed to replace the reagent triamcinolone acetonide withRS, from Standard stock solution diluted with Internal standard
USP Triamcinolone Acetonide RS. The Reference Standard is usedsolution
for the Assay and Organic Impurities: Limit of Triamcinolone Aceto-Sample stock solution:  Dissolve a volume of freshly mixed
nide procedures. It is also proposed to add storage informationInjectable Suspension in methanol to obtain a solution con-
to the Packaging and Storage section.taining 200 µg/mL of triamcinolone acetonide.

Sample solution:  80 µg/mL of triamcinolone acetonide from
Sample stock solution diluted with Internal standard solution

Chromatographic system (SM4: M. Waddell.) RTS—C92952
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm; packing L1

.

Flow rate:  Adjust so that the retention time of the triamcino- Triamcinolone Hexacetonide
lone acetonide peak is about 14.5 min■1.0 mL/min■2S (USP34)

Injection size:  15–25 µL
System suitability
Sample:  Standard solution
Suitability requirements

Resolution:  NLT 2.0 between triamcinolone acetonide and
fluoxymesterone

Relative standard deviation:  NMT 3.0%, five replicate
injections  

Analysis
Samples:  Standard solution and Sample solution C30H41FO7 532.64
Calculate the percentage of C24H31FO6 in the portion of In- Pregna-1,4-diene-3,20-dione, 21-(3,3-dimethyl-1-oxobutoxy)-9-
jectable Suspension taken: fluoro-11-hydroxy-16,17-[(1-methylethylidene) bis(oxy)]-,

(11β,16α)-;
Result = (RU/RS) × (CS/CU) × 100 9-Fluoro-11β,16α,17,21-tetrahydroxypregna-1,4-diene-3,20-dione

cyclic 16,17-acetal with acetone 21-(3,3-dimethylbutyrate)RU = peak response ratio of the triamcinolone aceto- [5611-51-8].nide peak to the internal standard peak from
the Sample solution DEFINITION

RS = peak response ratio of the triamcinolone aceto- Triamcinolone Hexacetonide contains NLT 97.0% and NMT
nide peak to the internal standard peak from 102.0% of C30H41FO7, calculated on the dried basis.
the Standard solution

CS = concentration of USP Triamcinolone Acetonide IDENTIFICATION
RS in the Standard solution (mg/mL) • INFRARED ABSORPTION 〈197K〉

CU = nominal concentration of triamcinolone aceto-
ASSAYnide in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–115.0%
Change to read:PERFORMANCE TESTS

• PROCEDUREAdd the following:
Mobile phase:  Methanol and water (3:1)
System suitability solution:  0.4 mg/mL each of triamcinolone

■• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the acetonide■USP Triamcinolone Acetonide RS■2S (USP34) and USP
requirements■2S (USP34) Triamcinolone Hexacetonide RS in methanol

Standard solution:  0.4 mg/mL of USP Triamcinolone Hex-
SPECIFIC TESTS acetonide RS in methanol
• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 4.4 USP En- Sample solution:  0.4 mg/mL of Triamcinolone Hexacetonide

dotoxin Units/mg of triamcinolone acetonide. in methanol
• PH 〈791〉:  5.0–7.5 Chromatographic system
• INJECTIONS 〈1〉:  Meets the requirements  (See Chromatography 〈621〉, System Suitability.)

ADDITIONAL REQUIREMENTS

Change to read:

• PACKAGING AND STORAGE:  Preserve in single-dose or multiple-
dose containers, preferably of Type I glass, protected from
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Mode:  LC ADDITIONAL REQUIREMENTS
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L1 Change to read:Flow rate:  2 mL/min
Injection size:  10 µL

System suitability • PACKAGING AND STORAGE:  Preserve in well-closed containers.
Sample:  System suitability solution ■Store at room temperature.■2S (USP34)
[NOTE—The relative retention times for triamcinolone aceto-
nide and triamcinolone hexacetonide are 0.27 and 1.0,

Change to read:respectively.]
Suitability requirements

Resolution:  NLT 7.5 between triamcinolone acetonide and
• USP REFERENCE STANDARDS 〈11〉triamcinolone hexacetonide

USP Triamcinolone Hexacetonide RSTailing factor:  NMT 1.3 for triamcinolone hexacetonide
■USP Triamcinolone Acetonide RS■2S (USP34)Relative standard deviation:  NMT 2.0%

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C30H41FO7 in the portion of Tri- BRIEFINGamcinolone Hexacetonide taken:

Result = (rU/rS) × (CS/CU) × 100
Triamcinolone Hexacetonide Injectable Suspension,  

rU = peak response from the Sample solution USP 32 page 3787. On the basis of comments received, the
rS = peak response from the Standard solution following revisions are proposed:
CS = concentration of USP Triamcinolone Hexaceto- 1.  Add a requirement for Uniformity of Dosage Units.

nide RS in the Standard solution (mg/mL) 2.  Add storage conditions to the Packaging and Storage
CU = concentration of Triamcinolone Hexacetonide in section.

the Sample solution (mg/mL) 3.  Add a Standard solution and System suitability solution con-
Acceptance criteria:  97.0%–102.0% on the dried basis taining USP Triamcinolone Acetonide RS to the Organic Im-

purities: Limit of Triamcinolone Acetonide procedure, and
IMPURITIES propose other revisions to the procedure to revise incorrect
Inorganic Impurities text that may have resulted from cross-referencing to other
• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm monographs. These corrections include revisions to the Sys-

tem suitability requirements.
Change to read:

(SM4: M. Waddell.) RTS—C85102
Organic Impurities
• PROCEDURE: LIMIT OF TRIAMCINOLONE ACETONIDE

Mobile phase, System suitability solution, Sample solution,
Chromatographic system, and System suitability:  Proceed

.

as directed in the Assay. Triamcinolone Hexacetonide InjectableStandard solution:  0.004 mg/mL of triamcinolone acetonide Suspension■USP Triamcinolone Acetonide RS■2S (USP34) in methanol
Analysis

DEFINITIONSamples:  Standard solution and Sample solution
Triamcinolone Hexacetonide Injectable Suspension is a sterile sus-Calculate the percentage of triamcinolone acetonide in the

pension of Triamcinolone Hexacetonide in a suitable aqueousportion of Triamcinolone Hexacetonide taken:
medium. It contains NLT 90.0% and NMT 115.0% of the la-
beled amount of C30H41FO7.Result = (rU/rS) × (CS/CU) × 100

IDENTIFICATIONrU = peak response for triamcinolone acetonide from
• INFRARED ABSORPTION 〈197K〉the Sample solution

Sample:  Place a volume of Injectable Suspension, equivalentrS = peak response for triamcinolone acetonide from
to 25 mg of triamcinolone hexacetonide, and 2 mL of waterthe Standard solution
in a membrane filter of 0.20-µm pore size. Apply vacuum toCS = concentration of triamcinolone acetonide■USP
the filter, wash the residue with two 5-mL portions of water,Triamcinolone Acetonide RS■2S (USP34) in the
and air-dry the filter and the precipitate. Place the dried filterStandard solution (mg/mL)
and precipitate in a small beaker with 5 mL of alcohol, andCU = concentration of Triamcinolone Hexacetonide in
dissolve the precipitate. Decant the alcohol solution into athe Sample solution (mg/mL)
small beaker and evaporate with the aid of low heat and aAcceptance criteria:  NMT 1.0%
current of air to dryness.

SPECIFIC TESTS
ASSAY
• PROCEDURE

Change to read: Mobile phase:  Methanol and water (3:1)
System suitability solution:  0.3 mg/mL of amcinonide and
0.4 mg/mL of USP Triamcinolone Hexacetonide RS in• OPTICAL ROTATION, Specific Rotation 〈781S〉:  •+91° to +98°• (RB methanol

1-Jul-2009) Standard solution:  0.4 mg/mL of USP Triamcinolone Hex-Sample solution:  10 mg/mL in chloroform acetonide RS in methanol• LOSS ON DRYING 〈731〉:  Dry a sample in a vacuum at 60° for 4 Sample solution:  Using a “to contain” pipet, transfer a vol-h: it loses NMT 2.0% of its weight. ume of Injectable Suspension, equivalent to 40 mg of triam-
cinolone hexacetonide, to a 100-mL volumetric flask. Rinse the
pipet with methanol, collecting the rinse in the volumetric
flask. Dilute with methanol to volume.
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Chromatographic system rU = peak response for triamcinolone acetonide from
(See Chromatography 〈621〉, System Suitability.) the Sample solution
Mode:  LC rS = peak response for triamcinolone acetonide from
Detector:  UV 254 nm the Standard solution
Column:  4.6-mm × 25-cm; packing L1 CS = concentration of USP Triamcinolone Hexaceto-
Flow rate:  1.4 mL/min nide RS■USP Triamcinolone Acetonide
Injection size:  10 µL RS■2S (USP34) in the Standard solution (mg/mL)

System suitability CU = nominal concentration of triamcinolone hex-
Sample:  System suitability solution acetonide in the Sample solution (mg/mL)
[NOTE—The relative retention times for amcinonide and tri- Acceptance criteria:  NMT 1.0%
amcinolone hexacetonide are about 0.50 and 1.0,

SPECIFIC TESTSrespectively.]
• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 17.2 USPSuitability requirements

Endotoxin Units/mg of triamcinolone hexacetonide.Resolution:  NLT 10 between amcinonide and triamcino-
• PH 〈791〉:  4.0–8.0lone hexacetonide
• INJECTIONS 〈1〉:  Meets the requirementsTailing factor:  NMT 1.2 for triamcinolone hexacetonide

Relative standard deviation:  NMT 2.0% ADDITIONAL REQUIREMENTSAnalysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C30H41FO7 in the portion of In- Change to read:
jectable Suspension taken:

Result = (rU/rS) × (CS/CU) × 100 • PACKAGING AND STORAGE:  Preserve in single-dose or multiple-
dose containers, preferably of Type I glass. ■Store at controlled

rU = peak response of triamcinolone hexacetonide room temperature. Do not freeze.■2S (USP34)
from the Sample solution

rS = peak response of triamcinolone hexacetonide
Change to read:from the Standard solution

CS = concentration of USP Triamcinolone Hexaceto-
nide RS in the Standard solution (mg/mL) • USP REFERENCE STANDARDS 〈11〉CU = nominal concentration of triamcinolone hex- USP Triamcinolone Hexacetonide RSacetonide in the Sample solution (mg/mL) ■USP Triamcinolone Acetonide RS■2S (USP34)Acceptance criteria:  90.0%–115.0% USP Endotoxin RS

PERFORMANCE TESTS

Add the following: BRIEFING

■• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the Tuberculin,  USP 32 page 3824. The Biologics & Biotechnologyrequirements■2S (USP34) Proteins and Polysaccharides Expert Committee reviewed this ab-
breviated monograph and recommended its deletion because ofIMPURITIES
the lack of quality information and because tests are mentioned
by name but no procedures are provided.

Change to read:

(BB PP: M. Kibbey.) RTS—C92292Organic Impurities
• PROCEDURE: LIMIT OF TRIAMCINOLONE ACETONIDE

Mobile phase, Standard solution, System suitability solu-
tion, Sample solution, Chromatographic system, and Sys-
tem suitability:■Mobile phase, Sample solution, and Chro-
matographic system:■2S (USP34)  Proceed as directed in the Delete the following:
Assay.

■System suitability solution:  0.4 mg/mL each of USP Triam-
cinolone Acetonide RS and USP Triamcinolone Hexacetonide .

RS in methanol ■Tuberculin
Standard solution:  0.004 mg/mL of USP Triamcinolone
Acetonide RS in methanol DEFINITION

System suitability Tuberculin conforms to the regulations of the FDA concerning
Sample:  System suitability solution biologics (650.10–650.15) (see Biologics 〈1041〉). It is a sterile
Suitability requirements solution derived from the concentrated, soluble products of
Resolution:  NLT 7.5 between triamcinolone acetonide growth of the tubercle bacillus (Mycobacterium tuberculosis or
and triamcinolone hexacetonide Mycobacterium bovis) prepared in a special medium. It is pro-

Tailing factor:  NMT 1.2 for triamcinolone hexacetonide vided either as Old Tuberculin, a culture filtrate adjusted to the
Relative standard deviation:  NMT 2.0%■2S (USP34) standard potency based on the U.S. Standard Tuberculin, Old,

Analysis by addition of glycerin and isotonic sodium chloride solution,
Samples:  Standard solution and Sample solution or as Purified Protein Derivative (PPD), a further purified protein
[NOTE—The Sample solution may exhibit a minor peak for fraction standardized with the U.S. Standard Tuberculin, Puri-
triamcinolone acetonide whose retention time is about fied Protein Derivative. It has a potency, tested by comparison
0.22 relative to triamcinolone hexacetonide.]■

■2S (USP34) with the corresponding U.S. Standard Tuberculin, on intrader-
Calculate the percentage of triamcinolone acetonide in the mal injection of sensitized guinea pigs, of between 80% and
portion of Injectable Suspension taken: 120% of that stated on the label. It is free from viable

Mycobacteria, as shown by injection into guinea pigs.Result = (rU/rS) × (CS/CU) × 100
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ADDITIONAL REQUIREMENTS Acceptance criteria:   The RF value of the principal spot from
• PACKAGING AND STORAGE:  Preserve at a temperature between the Sample solution corresponds to that from the Standard

2° and 8°. Multiple-puncture devices may be stored at a tem- solution.
perature not exceeding 30°. • C.  The retention time of the major peak of the Sample solution

• EXPIRATION DATE:  The expiration date of concentrated Old Tu- corresponds to that of the Standard solution, as obtained in
berculin containing 50% glycerin is not later than 5 years after the Assay.
date of issue from manufacturer’s cold storage (5°, 1 year; or

ASSAY0°, 2 years). The expiration date of diluted Old Tuberculin is
• PROCEDUREnot later than 1 year after date of issue from manufacturer’s

[NOTE—Use low-actinic glassware.]cold storage (5°, 1 year; or 0°, 2 years). The expiration date of
Mobile phase:  n-Hexaneconcentrated PPD containing 50% glycerin is not later than 2
Standard solution 1:  Solution containing the equivalent of 15years after date of issue from manufacturer’s cold storage (5°,
µg/mL of retinol from USP Retinyl Acetate RS in n-hexane1 year). The expiration date of diluted PPD is not later than 1

Standard solution 2:  Solution containing the equivalent of 15year after date of issue by the manufacturer. The expiration
µg/mL of retinol from USP Retinyl Palmitate RS in n-hexanedate of Old Tuberculin and PPD dried on multiple-puncture

System suitability solution:  Mix equal volumes of Standarddevices is not later than 2 years after date of issue from manu-
solution 1 and Standard solution 2.facturer’s cold storage (30°, 1 year), provided the recom-

Sample solution:  Finely powder NLT 20 Tablets. To a portionmended storage is at a temperature not exceeding
of the powder, equivalent to 5 Tablets, add 15 mL of water30°.■2S (USP34)
and sonicate for 5 min. Add 15 mL of n-hexane, and shake for
15 min on a wrist-action shaker in a water bath maintained at
60°. Add 10 mL of dimethyl sulfoxide and shake for an addi-
tional period of 30 min on a wrist-action shaker in a waterBRIEFING
bath maintained at 60°. [NOTE—Set up the wrist-action shaker
to ensure that the contents of the container are mixed vigor-
ously and thoroughly.] Centrifuge and transfer the hexaneVitamin A Tablets,  Because there is no existing USP mono-
layer to a 100-mL volumetric flask. Repeat the extraction withgraph for this article, the following monograph is being pro-
three additional 15-mL portions of n-hexane by thoroughlyposed. The proposed HPLC method for the analysis of dissolu-
shaking each for 5 min. Dilute the extracts in the volumetriction samples has been developed and validated with the
flask with n-hexane to volume. Further dilute this solution withPhenomenex Luna C18(2), 100-mm × 4.6 mm, 3-µm analytical
n-hexane to obtain a solution with a concentration equivalentcolumn using gradient elution. Retinyl acetate elutes at a reten-
to 15 µg/mL of retinol.tion time of 5.8 min, and retinyl palmitate elutes at a retention

Chromatographic systemtime of 11.5 min.
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 325 nm

(DSN: N. Davydova.) RTS—C90844 Column:  4.6-mm × 15-cm; 3-µm packing L8
Flow rate:  1 mL/min
Injection size:  40 µL

System suitability
Sample:  System suitability solution
Suitability requirementsAdd the following:

Resolution:  NLT 10 between all-trans-retinyl palmitate and
all-trans-retinyl acetate

. Relative standard deviation:  NMT 3.0%
Analysis■Vitamin A Tablets
Samples:  Standard solution 1 or Standard solution 2 and Sam-
ple solutionDEFINITION
Calculate the percentage of the labeled amount of vitamin A,Vitamin A Tablets contain retinyl acetate or retinyl palmitate in an
as retinol (C20H30O), in the portion of the Tablets taken:amount equivalent to NLT 95.0% and NMT 120.0% of the

labeled amount of vitamin A, as retinol (C20H30O). Result = (rU/rS) × (CS/CU) × 100
IDENTIFICATION

rU = peak area of the all-trans-retinyl ester from the[NOTE—Use low-actinic glassware.]
Sample solution• A. PROCEDURE

rS = peak area of the all-trans-retinyl ester from theSample solution:  A solution containing the equivalent of 6 µg
appropriate Standard solution/mL of retinol from powdered Tablets in methylene chloride.

CS = concentration of retinol (C20H30O) in the appro-Analysis:  To 1 mL of Sample solution, add 10 mL of antimony
priate Standard solution (µg/mL)trichloride TS.

CU = nominal concentration of vitamin A, as retinolAcceptance criteria:  A transient blue color appears at once.
(C20H30O), in the Sample solution (µg/mL)• B. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

Acceptance criteria:  95.0%–120.0% of the labeled amount ofStandard solution:  Solution containing the equivalent of 0.5
vitamin A, as retinol (C20H30O)mg/mL of retinol from USP Retinyl Acetate RS or USP Retinyl

Palmitate RS in methylene chloride. PERFORMANCE TESTSSample solution:  To a portion of finely powdered Tablets, • DISSOLUTION 〈711〉equivalent to 5 mg of retinol, add 15 mL of water, sonicate [NOTE—Perform this test under light conditions that minimizeand shake vigorously for 2 min. Extract with 10 mL of methyl- photo degradation.]ene chloride by shaking for 2 min. Centrifuge and use the Medium:  1% (w/v) sodium ascorbate and 1% (w/v) octoxy-lower layer of methylene chloride extract. nol 9 in 0.05 M phosphate buffer pH 6.8; 900 mLApplication volume:  10 µL, 8-mm band Apparatus 2:  75 rpmDeveloping solvent system:  Cyclohexane and ether (4:1) Time:  45 minSpray reagent:  Phosphomolybdic acid TS Standard solution:  Dissolve a suitable amount of USP RetinylAnalysis:  Proceed as directed in the chapter, using the Devel- Acetate RS or USP Retinyl Palmitate RS in isopropyl alcohol,oping solvent system. Locate the spots on the plate using the and dilute with Medium to obtain the concentration similar toSpray reagent.
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that expected in the Sample solution. [NOTE—The amount of • USP REFERENCE STANDARDS 〈11〉
isopropyl alcohol should be 5%–10%.] USP Retinyl Acetate RS

Sample solution:  Withdraw a portion of the solution under USP Retinyl Palmitate RS■2S (USP34)

test, pass through a suitable filter of 0.45-µm pore size, and
use the pooled sample as the test specimen.

Solution A:  Methanol and water (90:10)
BRIEFINGSolution B:  Methanol and isopropyl alcohol (55:45)

Mobile phase:  See the gradient table below.

Yellow Fever Vaccine,  USP 32 page 3883. See Briefing underTime Solution A Solution B Antivenin (Crotalidae) Polyvalent monograph.(min)  (%)  (%) 
0 100 0
8 0 100

(BB VV: M. Kibbey.) RTS—C90313
13 0 100

13.1 100 0
15 100 0

Chromatographic system
Delete the following:(See Chromatography 〈621〉, System Suitability).

Mode:  LC
Detector:  UV 325 nm

.Column:  4.6-mm × 10-cm; 3-µm packing L1
■Yellow Fever VaccineFlow rate:  1.0 mL/min

Injection size:  50 µL
DEFINITIONSystem suitability
Yellow Fever Vaccine conforms to the regulations of the FDA con-Sample:   Standard solution

cerning biologics (see Biologics 〈1041〉). It is the attenuatedSuitability requirements
strain that has been tested in monkeys for viscerotropism, im-Tailing factor:  NMT 1.5 for retinyl acetate and NMT 2.0
munogenicity, and neurotropism of living yellow fever virus se-for retinyl palmitate
lected for high antigenic activity and safety. It is prepared byRelative standard deviation:  NMT 2.0%
the culturing of the virus in the living embryos of chicken eggs,Analysis
from which a suspension is prepared, processed with asepticSamples:   Standard solution and Sample solution
precautions, and finally dried from the frozen state. It meetsCalculate the percentage of retinyl acetate or retinyl palmi-
the requirements of the specific mouse potency test in titer oftate dissolved:
mouse LD50 (quantity of virus estimated to produce fatal spe-

Result = (rU/rS) × (CS × V/L) × 100 cific encephalitis in 50% of the mice) or the requirements for
plaque-forming units in a suitable cell culture system, such as a

rU = peak area of the all-trans-retinyl ester from the Vero cell system for which the relationship between mouse LD50
Sample solution and plaque-forming units has been established, in which cell

rS = peak area of the all-trans-retinyl ester from the monolayers in 35-mm petri dishes are inoculated for a specified
appropriate Standard solution time with dilutions of Vaccine, after which the dilutions are

CS = concentration of retinol (C20H30O) in the appro- replaced with 0.5% agarose-containing medium. Following ad-
priate Standard solution (µg/mL) sorption and incubation for 5 days, an overlay is added of the

V = volume of Medium, 900 mL 0.5% agarose medium containing 1:50,000 neutral red, and
L = label claim of vitamin A, as retinol (C20H30O) the plaques are counted on the sixth day following inoculation.

(µg/Tablet) It is sterile, and contains no human serum and no antimicrobial
Tolerances:  NLT 75% (Q) of the labeled amount of retinyl agent.
acetate or retinyl palmitate is dissolved. Yellow Fever Vaccine is constituted, with Sodium Chloride Injec-

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements tion containing no antimicrobial agent, just before use.

ADDITIONAL REQUIREMENTS ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers, and • PACKAGING AND STORAGE:  Preserve in nitrogen-filled, flame-

store at room temperature. Protect Tablets from light. sealed ampuls or suitable stoppered vials at a temperature
• LABELING:  Label it to indicate the chemical form of vitamin A preferably below 0° but never above 5°, throughout the dat-

present, and to indicate the vitamin A activity in terms of the ing period. Preserve it during shipment in a suitable container
equivalent amount of retinol. Vitamin A activity may be stated adequately packed in solid carbon dioxide, or provided with
also in USP units. USP units of activity for vitamins, where such other means of refrigeration, so as to ensure a temperature
exist or formerly existed, are equivalent to the corresponding constantly below 0°.
international units, where such formerly existed. International • EXPIRATION DATE:  The expiration date is not later than 1 year
units (IU) for vitamins also have been discontinued; however, after the date of issue from the manufacturer’s cold storage
the use of IU on the labels of vitamin products continues. (–20°, 1 year).
Where articles are labeled in terms of Units in addition to the • LABELING:  Label Yellow Fever Vaccine to state that it is to be
required labeling, the relationship of the USP Units or IU to well-shaken before use and that the constituted vaccine is to
mass is as follows. One USP Vitamin A Unit = 0.3 µg of all- be used entirely or discarded within 1 h of opening the
trans-retinol (vitamin A alcohol) or 0.344 µg of all-trans-retinyl container. Label it also to state that it is the living yellow fever
acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl pal- vaccine virus prepared from chicken embryos and that the
mitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP dose is the same for persons of all ages, but that it is not
Vitamin A Units) = 1 retinol equivalent (RE). recommended for infants less than 6 months of age.■2S (USP34)
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IMPURITIESDIETARY SUPPLEMENTS— Inorganic Impurities
• AMMONIUMMONOGRAPHS Standard solution:  10 µg of ammonium from a diluted am-

monium chloride solution
Sample solution:  50 mg of Glutathione
Analysis:  Transfer the Sample solution and the Standard solu-
tion to separate 25-mL jars fitted with caps, and dissolve in 1
mL of water. Add 0.30 g of magnesium oxide. Close immedi-

BRIEFING ately after placing a piece of silver manganese paper 5 mm
square, wetted with a few drops of water, under the caps.
Swirl, avoiding projections of liquid, and allow to stand at
40° for 30 min.Glutathione.  Because there is no existing USP monograph for

Acceptance criteria:   If the silver manganese paper shows athis dietary ingredient, a new monograph is proposed based on
gray color, it is not more intense than the standard (NMTinternational pharmacopeial standards. The liquid chromato-
200 ppm).graphic procedure in the test for Organic Impurities is based on

• ARSENIC 〈211〉:  NMT 2 ppmanalyses performed with an Alltech Econosphere C18 brand of
• CHLORIDE AND SULFATE, Chloride 〈221〉:  Dissolve 0.7 g withL1 column. The typical retention time for glutathione is 5 min.

water to make 15 mL. The solution shows no more chloride
than corresponds to 0.20 mL of 0.020 N hydrochloric acid
(NMT 200 ppm).(DSNB: G. Giancaspro.) RTS—70862 • CHLORIDE AND SULFATE, Sulfate 〈221〉:  Dissolve 0.8 g in water to
make 15 mL. The solution shows no more sulfate than corre-
sponds to 0.25 mL of 0.020 N sulfuric acid (NMT 300 ppm).

• HEAVY METALS, Method I 〈231〉:  NMT 10 ppm
• IRON 〈241〉:  NMT 10 ppm

Add the following: • RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
Organic Impurities
• PROCEDURE

. Mobile phase:  6.8 g/L of potassium dihydrogen phosphate
■Glutathione with 2.02 g/L of sodium 1-heptane sulfonate, adjusted with

methanol to a pH of 3.0 (970:30)
Standard solution:  0.01 mg/mL of USP Glutathione RS in
Mobile phase. [NOTE—This solution has a concentration equiv-
alent to 2.0% of that of the Sample solution.]

Sample solution:  50 mg of glutathione in 100 mL of Mobile phase. [NOTE—Allow the solution to stand for 5 min before
use.]

C10H17N3O6S 307.32 System suitability solution:  0.1 mg/mL of USP L-Phenylala-
nine RS, 0.5 mg/mL of USP Glutathione RS, and 0.5 mg/mLPentanoic acid, 2-amino-5-[(R)-1-carboxymethylamino)-3-mer-
of USP Ascorbic acid RS in Mobile phasecapto-1-oxopropan-2-ylamino]-5-oxo, (S);

Chromatographic systemN-(N-L-γ-Glutamyl-L-cysteinyl)glycine [70-18-8].
(See Chromatography 〈621〉, System Suitability.)

DEFINITION Mode:  LC
Glutathione contains NLT 98.5% and NMT 101.5% of Detector:  UV 210 nm

C10H17N3O6S, as glutathione, calculated on the dried basis. Column:  4.6-mm × 15-cm; 5-µm packing L1
Column temperature:  30°

IDENTIFICATION Flow rate:  Adjust so that the retention time of glutathione
• A: INFRARED ABSORPTION 〈197K〉 is about 5 min.
• B: OPTICAL ROTATION, Specific Rotation 〈781S〉:  −15.5° to Injection size:  10 µL

−17.5°, after drying, at 100 mm System suitability
Sample solution:  40 mg/mL, in water Sample:  System suitability solution

Suitability requirementsASSAY Resolution:  NLT 5.0 between the ascorbic acid and gluta-• PROCEDURE thione peaks; and NLT 5.0 between the glutathione andSample:  500 mg of glutathione previously dried
L-phenylalanine peaksTitrimetric system Relative standard deviation:  NMT 1.5% for replicate(See Titrimetry 〈541〉.) injectionsMode:  Direct titration AnalysisTitrant:  0.1 N iodine VS Samples:  Standard solution and Sample solutionEndpoint detection:  Visual Calculate the percentage of any impurity in the portion ofBlank:  50 mL of metaphosphoric acid (1 in 50) Glutathione (C10H17N3O6S) taken:Analysis:  Dissolve the Sample in 50 mL of metaphosphoric

acid (1 in 50) and titrate with the Titrant. Calculate the per- Result = (rU/rS) × (CS/CU) × 100centage of Glutathione (C10H17N3O6S) in the portion taken:
rU = peak response of any peak from the Sample so-Result = [(V − B) × N × F × 100]/W lution other than glutathione
rS = peak response of the glutathione peak from theV = titrant volume of the Sample (mL) Standard solutionB = titrant volume of the Blank (mL) CS = concentration of USP Glutathione RS in theN = titrant normality (mEq/mL) Standard solution (mg/mL)F = equivalency factor, 307.32 mg/mEq CU = concentration of Glutathione in the Sample solu-W = weight of the Sample (mg) tion (mg/mL)Acceptance criteria:  98.5%–101.5% on the dried basis Acceptance criteria
Individual impurity:  NMT 1.5%. [NOTE—The relative re-
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tention time is about 4.] ADDITIONAL REQUIREMENTS
Total impurities:  NMT 2.0% • PACKAGING AND STORAGE:  Preserve in tight containers.

• USP REFERENCE STANDARDS 〈11〉
SPECIFIC TESTS USP Ascorbic Acid RS
• CLARITY AND COLOR OF SOLUTION USP Glutathione RS

Sample solution:  0.1 g/mL in water USP L-Phenylalanine RS■2S (USP34)
Analysis:  Using identical tubes of colorless, transparent, neu-
tral glass with a flat base and an internal diameter of 15–25
mm, compare the liquid to be examined with water, the
depth of the layer being 40 mm. Compare the colors in dif-
fused daylight, viewing vertically against a white background.

Acceptance criteria:  The solution is clear and colorless.
• LOSS ON DRYING 〈731〉:  NMT 0.5%, 105° for 3 h
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category,
page R-845 of the First Supplement, and page 440 of PF 36(2)
[Jan.–Feb. 2010]. It is proposed to add Hydroxypropyl Corn
Starch, Hydroxypropyl Pea Starch, and Hydroxypropyl Potato
Starch to the Tablet Binder, Tablet and/or Capsule Diluent, and
Tablet Disintegrant categories; Polyglyceryl Dioleate to the Emul-
sifying and/or Solubilizing Agent category; and Racemethionine
to the Antioxidant, Buffering Agent, and Flavors and Perfumes cat-
egories to complement the proposed new monographs for Hy-
droxypropyl Corn Starch, Hydroxypropyl Pea Starch, Hydroxypropyl
Potato Starch, Polyglycerol Dioleate, and Racemethionine, which
appear elsewhere in this issue of PF.

(EM1; EM2) RTS—C83793; C84811; C85474; C86380;
C88857

Change to read:

Antioxidant

Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene
Stannous Chloride
Erythorbic Acid
Hypophosphorous Acid

&Lactobionic Acid&2S (NF28)

Monothioglycerol
Potassium Metabisulfite
Propyl Gallate

&Racemethionine&2S (NF29)

Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate
Sulfur Dioxide
Tocopherols Excipient

Change to read:

Buffering Agent

Acetic Acid
Adipic Acid
Ammonium Carbonate
Ammonium Phosphate
Boric Acid
Citric Acid, Anhydrous
Citric Acid Monohydrate

&Alpha-Lactalbumin&1S (NF29)

Lactic Acid
Phosphoric Acid
Potassium Citrate
Potassium Metaphosphate
Potassium Phosphate, Dibasic

Potassium Phosphate, Monobasic

&Racemethionine&2S (NF29)

Sodium Acetate
Sodium Citrate
Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Succinic Acid

Change to read:

Bulking Agent for Freeze-Drying

Creatinine

&Alpha-Lactalbumin&1S (NF29)

Mannitol
Polydextrose

&Hydrogenated Polydextrose&2S (NF28)

Pullulan
Trehalose

Change to read:

Coating Agent

Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose Sodium
~

Enzymatically-Hydrolyzed Carboxymethylcellulose
Sodium~NF28
Cellaburate
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate
Cellulose Acetate Phthalate (see Cellacefate)

&Chitosan&1S (NF29)

Coconut Oil
Hydrogenated Coconut Oil
Copovidone
Corn Syrup Solids
Ethyl Acrylate and Methyl Methacrylate Copolymer Disper-
sion
Ethylcellulose
Ethylcellulose Aqueous Dispersion
&Ethylene Glycol and Vinyl Alcohol Graft Copoly-
mer&1S (NF28)

Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hydroxypropyl Methylcellulose Phthalate (see Hypromel-
lose Phthalate)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Hypromellose Phthalate (formerly Hydroxypropyl Methyl-
cellulose Phthalate)

&Alpha-Lactalbumin&1S (NF29)
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Maltodextrin

&Methacrylic Acid and Ethyl Acrylate Copoly-

mer&2S (NF28)

&Partially-Neutralized Methacrylic Acid and Ethyl

Acrylate Copolymer&2S (NF28)

&Methacrylic Acid and Methyl Methacrylate

Copolymer&2S (NF28)

Methacrylic Acid Copolymer Dispersion
Methylcellulose
Palm Kernel Oil
Palm Oil
Hydrogenated Palm Oil

&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Glycol
~

Polyvinyl Acetate~NF28
~

Polyvinyl Acetate Dispersion~NF28

Polyvinyl Acetate Phthalate
Pullulan
Fully Hydrogenated Rapeseed Oil
Superglycerinated Fully Hydrogenated Rapeseed Oil
Shellac
Starch, Pregelatinized Modified
Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein

Add the following:

Coloring Agent

~

Aluminum Oxide~NF29

Change to read:

Complexing Agent

&Betadex Sulfobutyl Ether Sodium&1S (NF29)

Edetate Calcium Disodium
Edetate Disodium
Edetic Acid

&Alpha-Lactalbumin&1S (NF29)

Oxyquinoline Sulfate

Change to read:

Emollient

Alkyl (C12-15) Benzoate

&Butyl Stearate&1S (NF29)

Hydrogenated Soybean Oil
Hydrogenated Polydecene
Oleyl Oleate

Change to read:

Emulsifying and/or Solubilizing Agent

Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol
Stannous Chloride
Coconut Oil
~

Desoxycholic Acid~NF28

Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates
Gamma Cyclodextrin
Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate

&Alpha-Lactalbumin&1S (NF29)

Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
Oleyl Oleate
Palm Kernel Oil
Palm Oil
Poloxamer

&Polyglyceryl 3 Diisostearate&1S (NF29)

&Polyglyceryl Dioleate&2S (NF29)

Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Propylene Glycol Monostearate
Superglycerinated Fully Hydrogenated Rapeseed Oil
Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
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Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearic Acid
&Sucrose Stearate&1S (NF28)

Trolamine
Wax, Emulsifying

Change to read:

Film-Forming Agent

&Chitosan&1S (NF29)

&Methacrylic Acid and Ethyl Acrylate Copoly-

mer&2S (NF28)

&Partially-Neutralized Methacrylic Acid and Ethyl

Acrylate Copolymer&2S (NF28)

&Methacrylic Acid and Methyl Methacrylate Copoly-

mer&2S (NF28)

Change to read:

Flavors and Perfumes

Almond Oil
Anethole
Benzaldehyde

&Diethyl Sebacate&1S (NF29)

Ethyl Acetate
Ethyl Vanillin

&L-Glutamic Acid, Hydrochloride&2S (NF28)

Lactitol
Maltol
Menthol
Methyl Salicylate
Monosodium Glutamate
Peppermint
Peppermint Oil
Peppermint Spirit

&Racemethionine&2S (NF29)

Rose Oil
Rose Water, Stronger
Thymol
Vanillin

Change to read:

Humectant

Corn Syrup Solids
Erythritol
Glycerin
Hexylene Glycol
Inositol
Maltitol
Polydextrose

&Hydrogenated Polydextrose&2S (NF28)

Propylene Glycol
Sorbitol
Sorbitol Sorbitan Solution

&Hydrogenated Starch Hydrolysate&1S (NF29)

Tagatose

Change to read:

Ointment Base

Caprylocaproyl Polyoxylglycerides
Diethylene Glycol Monoethyl Ether
Hydrogenated Polydecene
Lanolin
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Ointment, Hydrophilic
Ointment, White
Ointment, Yellow
Oleoyl Polyoxylglycerides
Polyethylene Glycol Monomethyl Ether

&Polyglyceryl 3 Diisostearate&1S (NF29)

Petrolatum
Petrolatum, Hydrophilic
Petrolatum, White
Rose Water Ointment
Squalane
Stearoyl Polyoxylglycerides
Vegetable Oil, Hydrogenated, Type II

Change to read:

Sequestering Agent

Beta Cyclodextrin (see Betadex)
Betadex (formerly Beta Cyclodextrin)

&Betadex Sulfobutyl Ether Sodium&1S (NF29)

Hydroxypropyl Betadex
Gamma Cyclodextrin
Pullulan
Sodium Tartrate
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Change to read:

Solvent

Acetone
Alcohol
Alcohol, Diluted
Amylene Hydrate
Benzyl Benzoate
Butyl Alcohol
Canola Oil
Caprylocaproyl Polyoxylglycerides
Corn Oil
Cottonseed Oil
Diethylene Glycol Monoethyl Ether
Ethyl Acetate
Glycerin
Hexylene Glycol
Hydrogenated Polydecene
Isopropyl Alcohol
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Methyl Alcohol
Methylene Chloride
Methyl Isobutyl Ketone

&Methylpyrrolidone&2S (NF28)

Mineral Oil
Oleoyl Polyoxylglycerides
Peanut Oil
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol
Sesame Oil
Stearoyl Polyoxylglycerides
Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified

Change to read:

Suspending and/or Viscosity-Increasing Agent

Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
~

Enzymatically-Hydrolyzed Carboxymethylcellulose
Sodium
~

Carmellose~NF28

Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose
Sodium

&Chitosan&1S (NF29)

Corn Syrup
Corn Syrup Solids
Dextrin
Gelatin
Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)

&Hydroxylpropyl Corn Starch&2S (NF29)

&Hydroxypropyl Pea Starch&2S (NF29)

&Hydroxylpropyl Potato Starch&2S (NF29)

Hypromellose (formerly Hydroxypropyl Methylcellulose)
&Alpha-Lactalbumin&1S (NF28)

Magnesium Aluminum Silicate
Maltodextrin
Methylcellulose
Pectin

&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate
Pullulan
Hydrophobic Colloidal Silica
Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn
~

Starch, Pea~NF28

Starch, Potato
Starch, Tapioca
Starch, Wheat
&Sucrose Palmitate&1S (NF28)

Tragacanth
Xanthan Gum

Change to read:

Sweetening Agent

Acesulfame Potassium
Aspartame
Aspartame Acesulfame
Corn Syrup
Corn Syrup Solids
High Fructose Corn Syrup
Dextrates
Dextrose
Dextrose Excipient
Erythritol
Fructose
Galactose
Maltitol
Maltose
Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol

Pharmacopeial Forum
1226 IN-PROCESS REVISION Vol. 36(5) [Sept.–Oct. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



Sorbitol Solution

&Hydrogenated Starch Hydrolysate&1S (NF29)

Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup
Tagatose
Trehalose

Change to read:

Tablet Binder

Acacia
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
Silicified Microcrystalline Cellulose
Hydrogenated Coconut Oil
Copovidone
Corn Syrup
Corn Syrup Solids
Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer Disper-
sion
Ethylcellulose
& E t h y l e n e G l y c o l a n d V i n y l A l c o h o l G r a f t
Copolymer&1S (NF28)

Gelatin
Glucose, Liquid
Guar Gum
Low-Substituted Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)

&Hydroxypropyl Corn Starch&2S (NF29)

&Hydroxypropyl Pea Starch&2S (NF29)

&Hydroxypropyl Potato Starch&2S (NF29)

Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
&Alpha-Lactalbumin&1S (NF28)
Maltodextrin
Maltose
Methylcellulose
Hydrogenated Palm Oil

&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Oxide
~

Polyvinyl Acetate~NF28

Povidone
Pullulan
Starch, Corn

&Hydrogenated Starch Hydrolysate&1S (NF29)

~

Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Syrup
Trehalose

Change to read:

Tablet and/or Capsule Diluent

Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
Silicified Microcrystalline Cellulose
Cellulose, Powdered
Corn Syrup
Corn Syrup Solids
Dextrates
Dextrin
Dextrose Excipient
Fructose

&Hydroxypropyl Corn Starch&2S (NF29)

&Hydroxypropyl Pea Starch&2S (NF29)

&Hydroxypropyl Potato Starch&2S (NF29)

Kaolin
&Alpha-Lactalbumin&1S (NF28)
Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
Mannitol
Propylene Glycol Monocaprylate
Pullulan
Sorbitol
Starch
Starch, Corn

&Hydrogenated Starch Hydrolysate&1S (NF29)

~

Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Trehalose

Change to read:

Tablet Disintegrant

Alginic Acid
Cellulose, Microcrystalline
Silicified Microcrystalline Cellulose
Croscarmellose Sodium
Crospovidone
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Low-Substituted Hydroxypropyl Cellulose

&Hydroxypropyl Corn Starch&2S (NF29)

&Hydroxypropyl Pea Starch&2S (NF29)

&Hydroxypropyl Potato Starch&2S (NF29)

Maltose
Polacrilin Potassium
Pullulan
Sodium Starch Glycolate
Starch
Starch, Corn
~

Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Trehalose

Change to read:

Vehicle
FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
Corn Syrup Solids
Dextrose
Ethyl Maltol
Peppermint Water
Sorbitol Solution
Syrup
Trehalose

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
Canola Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Hydrogenated Polydecene
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil
~

Polyoxyl 15 Hydroxystearate~NF28

Safflower Oil

Sesame Oil
Soybean Oil
Squalane

SOLID CARRIER

&Chitosan&1S (NF29)

Corn Syrup Solids
&Alpha-Lactalbumin&1S (NF28)

Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Sugar Spheres

STERILE

rAlbumin Human
Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

Change to read:

Wetting and/or Solubilizing Agent

Benzalkonium Chloride
Benzethonium Chloride

&Betadex Sulfobutyl Ether Sodium&1S (NF29)

Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer
Polyoxyl 10 Oleyl Ether
~

Polyoxyl 15 Hydroxystearate~NF28

Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Pullulan
Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
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Diluted sulfuric acid:  98 g/L of H2SO4NF MONOGRAPHS Sample:  100 mg of Hydroxypropyl Corn Starch
Analysis:  Transfer the Sample to a 100-mL volumetric flask and
add 12.5 mL of Diluted sulfuric acid. Place the flask in a water
bath and heat until the sample is dissolved. Cool and dilute
with water to 100 mL. [CAUTION—When sulfuric acid is misci-
ble with water, it produces intense heat.]

BRIEFING Pipet 1 mL of this solution to a glass-stoppered, 25-mL gradu-
ated test tube and, with the tube immersed in cold water,
add drop-wise 8 mL of sulfuric acid. Mix well and place the
tube in a boiling water bath for exactly 3 min. ImmediatelyHydroxypropyl Corn Starch.  Because there is no existing NF
transfer the tube to an ice bath until the solution is chilled.monograph for this excipient, a new monograph is proposed
Add 0.6 mL of Ninhydrin solution, carefully allowing the rea-based on data and methods received.
gent to run down the walls of the test tube. Immediately
shake the tube well, and place it in a water bath at 25° for
100 min. Dilute with sulfuric acid to 25 mL [CAUTION—Use(EM2: H. Wang.) RTS—C85474 sulfuric acid cautiously.], and mix by inverting the tube sev-
eral times. Do not shake.

Acceptance criteria:  A violet color develops within 5 min due
to the presence of hydroxypropyl groups (starch ether).

ASSAYAdd the following:
• PROCEDURE FOR HYDROXYPROPYL GROUPS

Deuterium chloride solution:  Dilute 1 mL of deuterium chlo-
. ride (38% w/w) with 5 mL of deuterium oxide.

Internal standard solution:  Disperse 50.0 mg of sodium 3-■Hydroxypropyl Corn Starch
trimethylsilyl-1-propane sulfonate in about 5 g of deuterium
oxide, weighed to the nearest 0.1 mg. Store in a sealed
bottle.

Sample solution:  Disperse 20 g of Hydroxypropyl Corn Starch
in 200.0 mL of carbon dioxide-free water at room tempera-
ture. Agitate for 15 min and filter. Repeat the operation 2
more times. If poor dispersibility or slow filtration is observed,
use refrigerated carbon dioxide-free water for the washing op-
eration. Dry the washed starch for NLT 4 h in vacuum at
30 ± 5°. Weigh 12.0 mg of this sample in a 5-mm NMR tube.
Add 0.75 mL of deuterium oxide and 0.1 mL of Deuterium
chloride solution. Cap the tube, mix, and place it in a boiling
water bath until a clear solution is obtained. [NOTE—This mayFor Amylose derivative, m is about 300–1000. take 3 min to 1 h.] When a clear solution is obtained, allow to
cool to room temperature. Dry the exterior of the tube, andDEFINITION
weigh to the nearest 0.1 mg. Add 0.05 mL of Internal stan-Hydroxypropyl Corn Starch is partially substituted 2-hydrox-
dard solution, weigh to the nearest 0.1 mg. Determine theyproprylether obtained from corn starch by a chemical modifi-
mass of the Internal standard solution added. Mix thoroughly.cation of etherification with propylene oxide. In addition, this

Nuclear magnetic resonance spectrometrystarch may be partially hydrolyzed using acids or enzymes to
(See Nuclear Magnetic Resonance 〈761〉, Quantitativeobtain thinned starch. It contains NLT 2.0% and NMT 7.0% of
Application.)hydroxypropyl group on the dried basis.

Apparatus:  FT-NMR spectrometer at minimum 300 MHz
Acquisition of 1H NMR spectra:  The following parametersIDENTIFICATION
may be used:• A. PROCEDURE
Sweep width:  8 ppm (about −1.0 to +7 ppm)Analysis:  Examine under a microscope, using NLT 20× magni-
Irradiation frequency offset:  Nonefication and a mixture of glycerin and water (1:1) as a mount-
Time domain:  NLT 64 King agent.
Pulse width:  90 degreeAcceptance criteria:  It presents either as angular polyhedral
Pulse delay:  10 sgranules of irregular sizes with diameters of 2–23 µm, or as
Dummy scans:  0rounded or spheroidal granules of irregular sizes with diame-
Number of scans:  8ters of 25–35 µm. The central hilum consists of a distinct cav-

Use the CH3 signal of the internal standard for shift referenc-ity or 2- to 5-rayed cleft, and there are no concentric stria-
ing. Set the shift of the peak of the singlet to 0 ppm. Recordtions. Between crossed nicol prisms, the Hydroxypropyl Corn
the FID signal.Starch granules show a distinct black cross intersecting at the

Analysishilum.
Samples:  Internal standard solution and Sample solution• B. PROCEDURE
Call the integration sub-routine after phase corrections andSample solution:  Suspend 1 g of Hydroxypropyl Corn Starch
baseline correction between −0.5 and +6 ppm.in 50 mL of water, boil for 1 min, and cool.

Measure the peak areas of the doublet from the methylAcceptance criteria:  A translucent or clear mucilage is
groups of the hydroxypropyl function at +1.2 ppm (A2), andformed.
of the methyl groups at 0 ppm of the internal standard (A1)• C. PROCEDURE
without 13C-satellites.Analysis:  To 1 mL of the Sample solution obtained in Identifica-

Measure the signal coming from the 3 protons of the methyltion test B, add 0.05 mL of iodine and potassium iodide TS 2.
group in the hydroxypropyl function.Acceptance criteria:  An orange-red to dark blue color is pro-

Calculate the hydroxypropyl group content as a percentageduced, which disappears on heating.
(w/w, dried basis) using the following expression:• D. PROCEDURE

Ninhydrin solution:  Dissolve 3 g of ninhydrin in 100 mL of a
Result = (N × A2/A1) × (Ci × Wi/W) × (Mr2/Mr1) × [100/(100 −45.5 g/L solution of sodium metabisulfite.

B)] × 100
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N = numerical value representing the 3 methyl Acceptance criteria:  NMT traces of matter other than
groups in the internal standard (sodium 3-tri- Hydroxypropyl Corn Starch granules are present.
methylsilyl-1-propane sulfonate), 3

SPECIFIC TESTSA1 = area of the methyl groups in the internal stan-
•  MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIEDdard (sodium 3-trimethylsilyl-1-propane sulfo-

MICROORGANISMS 〈62〉:  The total aerobic microbial count doesnate)
not exceed 1000 cfu/g, the total combined molds and yeastsA2 = area of the methyl groups of hydroxypropyl in
count does not exceed 100 cfu/g, and it meets the require-Hydroxypropyl Corn Starch
ments of the test for the absence of Escherichia coli.Ci = concentration of the internal standard in the In-

• PH 〈791〉ternal standard solution (mg/g)
Sample solution:  Suspend 5.0 g of Hydroxypropyl CornWi = weight of the Internal standard solution in the
Starch in 25.0 mL of carbon dioxide-free water and shake forNMR tube (g)
60 s. Allow to stand for 15 min.W = weight of the washed and dried Hydroxypropyl

Acceptance criteria:  4.5–8.0Corn Starch in the NMR tube (mg)
• LOSS ON DRYING 〈731〉:  Dry about 1 g at 130° for 90 min: itMr1 = molecular weight of the internal standard,

loses NMT 15.0% of its weight.218.32 g/mol
Mr2 = molar mass of hydroxypropyl group, 59.09 g/mol ADDITIONAL REQUIREMENTSB = moisture content of the washed and dried • PACKAGING AND STORAGE:  Preserve in well-closed containers.Hydroxypropyl Corn Starch used in Sample solu- Store at room temperature.■2S (NF29)tion, as a percentage (w/w)

Acceptance criteria:  Content of hydroxypropyl groups is NLT
2.0% and NMT 7.0%.

BRIEFINGIMPURITIES
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.6%, determined on a 1.0-g

Hydroxypropyl Pea Starch.  Because there is no existing NFtest specimen
monograph for this excipient, a new monograph is proposed• LIMIT OF IRON
based on data and methods received.Standard iron stock solution:  Prepare a solution containing

the equivalent of 10 µg/mL of iron, as directed under Iron
〈241〉.

Diluted standard iron solution:  Immediately before use, di- (EM2: H. Wang.) RTS—C84811
lute an accurately measured volume of Standard iron stock
solution quantitatively with water to obtain a solution con-
taining the equivalent of 1 µg/mL of iron.

Sample solution:  Shake 1.0 g of Hydroxypropyl Corn Starch
with 20 mL of 2 N hydrochloric acid, and filter. Transfer 10

Add the following:mL of the filtrate to a test tube. Add 2 mL of citric acid
solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix.
Add 10 N ammonium hydroxide until the solution is dis-

.tinctly alkaline to litmus, dilute with water to 20 mL, and
■Hydroxypropyl Pea Starchmix.

Standard solution:  Transfer 10 mL of the Diluted standard
iron solution to a test tube. Add 2 mL of citric acid solution
(2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline
to litmus, dilute with water to 20 mL, and mix.

Acceptance criteria:  After 5 min, any pink color in the Sam-
ple solution is not more intense than that in the Standard
solution, corresponding to a limit of 20 µg/g of iron.

• LIMIT OF SULFUR DIOXIDE, Method IV 〈525〉:  NMT 50 ppm
Organic Impurities
• PROCEDURE 1: LIMIT OF OXIDIZING SUBSTANCES

Sample:  4.0 g of Hydroxypropyl Corn Starch
Analysis:  Transfer the Sample to a glass-stoppered, 125-mL For Amylose derivative, m is about 300–1000.
conical flask, and add 50.0 mL of water. Insert the stopper,

DEFINITIONand swirl for 5 min. Transfer to a glass-stoppered, 50-mL
Hydroxypropyl Pea Starch is partially substituted 2-hydrox-centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL of

yproprylether obtained from pea starch by a chemical modifica-the clear supernatant to a glass-stoppered, 125-mL conical
tion of etherification with propylene oxide. In addition, thisflask. Add 1 mL of glacial acetic acid and 0.5–1.0 g of potas-
starch may be partially hydrolyzed using acids or enzymes tosium iodide. Insert the stopper, swirl, and allow to stand for
obtain thinned starch. It contains NLT 2.0% and NMT 7.0% of25–30 min in the dark. Add 1 mL of starch TS, and titrate
hydroxypropyl group, on the dried basis.with 0.002 N sodium thiosulfate VS to the disappearance of

the starch-iodine color. Perform a blank determination, and
IDENTIFICATIONmake any necessary correction. Each mL of 0.002 N sodium
• A. PROCEDUREthiosulfate VS is equivalent to 34 µg of oxidant, calculated as

Analysis:  Examine under a microscope, using NLT 20× magni-hydrogen peroxide.
fication and a mixture of glycerin and water (1:1) as a mount-Acceptance criteria:  NMT 1.4 mL of 0.002 N sodium thio-
ing agent.sulfate VS is required (20 µg/g, calculated as H2O2).

Acceptance criteria:  It presents a majority of large elliptical• PROCEDURE 2: FOREIGN MATTER
granules 25–45 µm in size, sometimes irregular or reniform. ItSample:  50 mg/mL of Hydroxypropyl Corn Starch in a mix-
also presents a minority of small rounded granules 5–8 µm inture of glycerin and water (1:1)
size. Granules can present cracks or irregularities. Sometimes,Analysis:  Examine under a microscope, using NLT 20× mag-
granules show barely visible concentric striations. Exception-nification and a mixture of glycerin and water (1:1) as a
ally, granules show a slit along the main axis. Between orthog-mounting agent.
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onally oriented polarizing plates or prisms, the granules show Sweep width:  8 ppm (about −1.0 to +7 ppm)
a distinct black cross. Irradiation frequency offset:  None

• B. PROCEDURE Time domain:  NLT 64 K
Sample solution:  Suspend 1 g of Hydroxypropyl Pea Starch in Pulse width:  90 degree
50 mL of water, boil for 1 min, and cool. Pulse delay:  10 s

Acceptance criteria:  A translucent or clear mucilage is Dummy scans:  0
formed. Number of scans:  8

• C. PROCEDURE Use the CH3 signal of the internal standard for shift referenc-
Analysis:  To 1 mL of the Sample solution obtained in Identifica- ing. Set the shift of the peak of the singlet to 0 ppm. Record
tion test B, add 0.05 mL of iodine and potassium iodide TS 2. the FID signal.

Acceptance criteria:  An orange-red to dark blue color is pro- Analysis
duced, which disappears on heating. Samples:  Internal standard solution and Sample solution

• D. PROCEDURE Call the integration sub-routine after phase corrections and
Ninhydrin solution:  Dissolve 3 g of ninhydrin in 100 mL of a baseline correction between −0.5 and +6 ppm.
45.5 g/L solution of sodium metabisulfite. Measure the peak areas of the doublet from the methyl

Diluted sulfuric acid:  98 g/L of H2SO4 groups of the hydroxypropyl function at +1.2 ppm (A2), and
Sample:  100 mg of Hydroxypropyl Pea Starch of the methyl groups at 0 ppm of the internal standard (A1)
Analysis:  Transfer the Sample to a 100-mL volumetric flask and without 13C-satellites.
add 12.5 mL of Diluted sulfuric acid. Place the flask in a water Measure the signal coming from the 3 protons of the methyl
bath and heat until the sample is dissolved. Cool and dilute group in the hydroxypropyl function.
with water to 100 mL. [CAUTION—When sulfuric acid is misci- Calculate the hydroxypropyl group content as a percentage
ble with water, it produces intense heat.] (w/w, dried basis) using the following expression:
Pipet 1 mL of this solution to a glass-stoppered, 25-mL gradu-

Result = (N × A2/A1) × (Ci × Wi/W) × (Mr2/Mr1) × [100/(100 −ated test tube and, with the tube immersed in cold water,
B)] × 100add drop-wise 8 mL of sulfuric acid. Mix well and place the

tube in a boiling water bath for exactly 3 min. Immediately
N = numerical value representing the 3 methyltransfer the tube to an ice bath until the solution is chilled.

groups in the internal standard (sodium 3-tri-Add 0.6 mL of Ninhydrin solution, carefully allowing the rea-
methylsilyl-1-propane sulfonate), 3gent to run down the walls of the test tube. Immediately

A1 = area of the methyl groups in the internal stan-shake the tube well, and place it in a water bath at 25° for
dard (sodium 3-trimethylsilyl-1-propane sulfo-100 min. Dilute with sulfuric acid to 25 mL [CAUTION—Use
nate)sulfuric acid cautiously.], and mix by inverting the tube sev-

A2 = area of the methyl groups of hydroxypropyl ineral times. Do not shake.
Hydroxypropyl Pea StarchAcceptance criteria:  A violet color develops within 5 min due

Ci = concentration of the internal standard in the In-to the presence of hydroxypropyl groups (starch ether).
ternal standard solution (mg/g)

ASSAY Wi = weight of the Internal standard solution in the
• PROCEDURE FOR HYDROXYPROPYL GROUPS NMR tube (g)

Deuterium chloride solution:  Dilute 1 mL of deuterium chlo- W = weight of the washed and dried Hydroxypropyl
ride (38% w/w) with 5 mL of deuterium oxide. Pea Starch in the NMR tube (mg)

Internal standard solution:  Dissolve 50.0 mg of sodium 3- Mr1 = molecular weight of the internal standard,
trimethylsilyl-1-propane sulfonate in about 5 g of deuterium 218.32 g/mol
oxide, weighed to the nearest 0.1 mg. Store in a sealed Mr2 = molar mass of hydroxypropyl group, 59.09 g/mol
bottle. B = moisture content of the washed and dried

Sample solution:  Disperse 20 g of Hydroxypropyl Pea Starch Hydroxypropyl Pea Starch used in Sample solu-
in 200.0 mL of carbon dioxide-free water at room tempera- tion, as a percentage (w/w)
ture. Agitate for 15 min and filter. Repeat the operation 2 Acceptance criteria:  Content of hydroxypropyl groups is NLT
more times. If poor dispersibility or slow filtration is observed, 2.0% and NMT 7.0%.
use refrigerated carbon dioxide-free water for the washing op-

IMPURITIESeration. Dry the washed starch for NLT 4 h in vacuum at
Inorganic Impurities30 ± 5°. Weigh 12.0 mg of this sample in a 5-mm NMR tube.
• RESIDUE ON IGNITION 〈281〉:  NMT 0.6%, determined on a 1.0-gAdd 0.75 mL of deuterium oxide and 0.1 mL of Deuterium

test specimenchloride solution. Cap the tube, mix, and place it in a boiling
• LIMIT OF IRONwater bath until a clear solution is obtained. [NOTE—This may

Standard iron stock solution:  Prepare a solution containingtake 3 min to 1 h.] When a clear solution is obtained, allow to
the equivalent of 10 µg/mL of iron, as directed under Ironcool to room temperature. Dry the exterior of the tube, and
〈241〉.weigh to the nearest 0.1 mg. Add 0.05 mL of Internal stan-

Diluted standard iron solution:  Immediately before use, di-dard solution, and weigh to the nearest 0.1 mg. Determine
lute an accurately measured volume of Standard iron stockthe mass of the Internal standard solution added. Mix
solution quantitatively with water to obtain a solution con-thoroughly.
taining the equivalent of 1 µg/mL of iron.Nuclear magnetic resonance spectrometry

Sample solution:  Shake 1.0 g of Hydroxypropyl Pea Starch(See Nuclear Magnetic Resonance 〈761〉, Quantitative
with 50 mL of 2 N hydrochloric acid, and filter. Transfer 10Application.)
mL of the filtrate to a test tube. Add 2 mL of citric acidApparatus:  FT-NMR spectrometer at minimum 300 MHz.
solution (2 in 10) and 0.1 mL of thioglycolic acid, and mix.Acquisition of 1H NMR spectra:  The following parameters
Add 10 N ammonium hydroxide until the solution is dis-may be used:
tinctly alkaline to litmus, dilute with water to 20 mL, and
mix.

Standard solution:  Transfer 10 mL of the Diluted standard
iron solution to a test tube. Add 2 mL of citric acid solution
(2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 N
ammonium hydroxide until the solution is distinctly alkaline
to litmus, dilute with water to 20 mL, and mix.

Acceptance criteria:  After 5 min, any pink color in the Sam-
ple solution is not more intense than that in the Standard
solution, corresponding to a limit of 50 µg/g of iron.
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• LIMIT OF SULFUR DIOXIDE, Method IV 〈525〉:  NMT 50 ppm Add the following:
Organic Impurities
• PROCEDURE 1: LIMIT OF OXIDIZING SUBSTANCES

Sample:  4.0 g of Hydroxypropyl Pea Starch .

Analysis:  Transfer the Sample to a glass-stoppered, 125-mL ■Hydroxypropyl Potato Starch
conical flask, and add 50.0 mL of water. Insert the stopper,
and swirl for 5 min. Transfer to a glass-stoppered, 50-mL
centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL of
the clear supernatant to a glass-stoppered, 125-mL conical
flask. Add 1 mL of glacial acetic acid and 0.5–1.0 g of potas-
sium iodide. Insert the stopper, swirl, and allow to stand for
25–30 min in the dark. Add 1 mL of starch TS, and titrate
with 0.002 N sodium thiosulfate VS to the disappearance of
the starch-iodine color. Perform a blank determination, and
make any necessary correction. Each mL of 0.002 N sodium
thiosulfate VS is equivalent to 34 µg of oxidant, calculated as
hydrogen peroxide.

Acceptance criteria:  NMT 1.4 mL of 0.002 N sodium thio- For Amylose derivative, m is about 300–1000.sulfate VS is required (20 µg/g, calculated as H2O2).
• PROCEDURE 2: FOREIGN MATTER DEFINITION

Sample:  50 mg/mL of Hydroxypropyl Pea Starch in a mix- Hydroxypropyl Potato Starch is partially substituted 2-hydrox-
ture of glycerin and water (1:1) yproprylether obtained from potato starch by a chemical modi-

Analysis:  Examine under a microscope, using NLT 20× mag- fication of etherification with propylene oxide. In addition, this
nification and a mixture of glycerin and water (1:1) as a starch may be partially hydrolyzed using acids or enzymes to
mounting agent. obtain thinned starch. It contains NLT 2.0% and NMT 7.0% of

Acceptance criteria:  NMT traces of matter other than hydroxypropyl group, on the dried basis.
Hydroxypropyl Pea Starch granules are present.

IDENTIFICATION
SPECIFIC TESTS • A. PROCEDURE
• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI- Analysis:  Examine under a microscope, using NLT 20× magni-

CROORGANISMS 〈62〉:  The total aerobic microbial count does fication and a mixture of glycerin and water (1:1) as a mount-
not exceed 1000 cfu/g, the total combined molds and yeasts ing agent.
count does not exceed 100 cfu/g, and it meets the require- Acceptance criteria:  It presents granules, either irregularly
ments of the test for the absence of Escherichia coli. shaped, ovoid or pear-shaped, usually 30–100 µm in size, but

• PH 〈791〉 occasionally exceeding 100 µm, or rounded 10–35 µm in size.
Sample solution:  Suspend 5.0 g of Hydroxypropyl Pea Starch There are occasional compound granules having 2–4 compo-
in 25.0 mL of carbon dioxide-free water and shake for 60 s. nents. The ovoid and pear-shaped granules have an eccentric
Allow to stand for 15 min. hilum, and the rounded granules have a centric or slightly

Acceptance criteria:  4.5–8.0 eccentric hilum. All granules show clearly visible concentric
• LOSS ON DRYING 〈731〉:   Dry about 1 g at 130° for 90 min: it striations. Between crossed nicol prisms, the Hydroxypropyl

loses NMT 15.0% of its weight. Potato Starch granules show a distinct black cross intersecting
at the hilum.ADDITIONAL REQUIREMENTS • B. PROCEDURE• PACKAGING AND STORAGE:  Preserve in well-closed containers. Sample solution:  Suspend 1 g of Hydroxypropyl Potato StarchStore at room temperature.■2S (NF29) in 50 mL of water, boil for 1 min, and cool.

Acceptance criteria:  A translucent or clear mucilage is
formed.

• C. PROCEDUREBRIEFING
Analysis:  To 1 mL of the Sample solution obtained in Identifica-
tion test B, add 0.05 mL of iodine and potassium iodide TS 2.

Acceptance criteria:  An orange-red to dark blue color is pro-Hydroxypropyl Potato Starch.   Because there is no existing duced, which disappears on heating.NF monograph for this excipient, a new monograph is proposed • D. PROCEDUREbased on data and methods received. Ninhydrin solution:  Dissolve 3 g of ninhydrin in 100 mL of a
45.5 g/L solution of sodium metabisulfite.

Diluted sulfuric acid:  98 g/L of H2SO4

(EM2: H. Wang.) RTS—C88857 Sample:  100 mg of Hydroxypropyl Potato Starch
Analysis:  Transfer the Sample to a 100-mL volumetric flask and
add 12.5 mL of Diluted sulfuric acid. Place the flask in a water
bath and heat until the sample is dissolved. Cool and dilute
with water to 100 mL. [CAUTION—When sulfuric acid is misci-
ble with water, it produces intense heat.]
Pipet 1 mL of this solution to a glass-stoppered, 25-mL gradu-
ated test-tube and, with the tube immersed in cold water,
add drop-wise 8 mL of sulfuric acid. Mix well and place the
tube in a boiling water bath for exactly 3 min. Immediately
transfer the tube to an ice bath until the solution is chilled.
Add 0.6 mL of Ninhydrin solution, carefully allowing the rea-
gent to run down the walls of the test tube. Immediately
shake the tube well, and place it in a water bath at 25° for
100 min. Dilute with sulfuric acid to 25 mL [CAUTION—Use
sulfuric acid cautiously.], and mix by inverting the tube sev-
eral times. Do not shake.

Acceptance criteria:  A violet color develops within 5 min due
to the presence of hydroxypropyl groups (starch ether).
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ASSAY B = moisture content of the washed and dried
• PROCEDURE FOR HYDROXYPROPYL GROUPS Hydroxypropyl Potato Starch used in Sample so-

Deuterium chloride solution:  Dilute 1 mL of deuterium chlo- lution, as a percentage (w/w)
ride (38% w/w) with 5 mL of deuterium oxide. Acceptance criteria:  Content of hydroxypropyl groups is NLT

Internal standard solution:  Dissolve 50.0 mg of sodium 3- 2.0% and NMT 7.0%.
trimethylsilyl-1-propane sulfonate in about 5 g of deuterium

IMPURITIESoxide, weighed to the nearest 0.1 mg. Store in a sealed
Inorganic Impuritiesbottle.
• RESIDUE ON IGNITION 〈281〉:  NMT 0.6%, determined on a 1.0-gSample solution:  Disperse 20 g of Hydroxypropyl Potato

test specimenStarch in 200.0 mL of carbon dioxide-free water at room tem-
• LIMIT OF IRONperature. Agitate for 15 min and filter. Repeat the operation

Standard iron stock solution:  Prepare a solution containingtwo more times. If poor dispersibility or slow filtration is ob-
the equivalent of 10 µg/mL of iron, as directed under Ironserved, use refrigerated carbon dioxide-free water for the
〈241〉.washing operation. Dry the washed starch for NLT 4 h in vac-

Diluted standard iron solution:  Immediately before use, di-uum at 30 ± 5°. Weigh 12.0 mg of this sample in a 5-mm
lute an accurately measured volume of Standard iron stockNMR tube. Add 0.75 mL of deuterium oxide and 0.1 mL of
solution quantitatively with water to obtain a solution con-Deuterium chloride solution. Cap the tube, mix, and place it in
taining the equivalent of 1 µg/mL of iron.a boiling water bath until a clear solution is obtained. [NOTE—

Sample solution:  Shake 1.0 g of Hydroxypropyl PotatoIt may take 3 min–1 h.] When a clear solution is obtained,
Starch with 20 mL of 2 N hydrochloric acid, and filter. Trans-allow to cool to room temperature. Dry the exterior of the
fer 10 mL of the filtrate to a test tube. Add 2 mL of citrictube, and weigh to the nearest 0.1 mg. Add 0.05 mL of Inter-
acid solution (2 in 10) and 0.1 mL of thioglycolic acid, andnal standard solution, and weigh to the nearest 0.1 mg. Deter-
mix. Add 10 N ammonium hydroxide until the solution ismine the mass of the Internal standard solution added. Mix
distinctly alkaline to litmus, dilute with water to 20 mL, andthoroughly.
mix.Nuclear magnetic resonance spectrometry

Standard solution:  Transfer 10 mL of the Diluted standard(See Nuclear Magnetic Resonance 〈761〉, Quantitative
iron solution to a test tube. Add 2 mL of citric acid solutionApplication.)
(2 in 10) and 0.1 mL of thioglycolic acid, and mix. Add 10 NApparatus:  FT-NMR spectrometer at minimum 300 MHz
ammonium hydroxide until the solution is distinctly alkalineAcquisition of 1H NMR spectra:  The following parameters
to litmus, dilute with water to 20 mL, and mix.may be used:

Acceptance criteria:  After 5 min, any pink color in the Sam-Sweep width:  8 ppm (about −1.0 to +7 ppm)
ple solution is not more intense than that in the StandardIrradiation frequency offset:  None
solution, corresponding to a limit of 20 µg/g of iron.Time domain:  NLT 64 K

• LIMIT OF SULFUR DIOXIDE, Method IV 〈525〉:  NMT 50 ppmPulse width:  90 degree
Organic ImpuritiesPulse delay:  10 s
• PROCEDURE 1: LIMIT OF OXIDIZING SUBSTANCESDummy scans:  0

Sample:  4.0 g of Hydroxypropyl Potato StarchNumber of scans:  8
Analysis:  Transfer the Sample to a glass-stoppered, 125-mLUse the CH3 signal of the internal standard for shift referenc-
conical flask, and add 50.0 mL of water. Insert the stopper,ing. Set the shift of the peak of the singlet to 0 ppm. Re-
and swirl for 5 min. Transfer to a glass-stoppered, 50-mLcord the FID signal.
centrifuge tube, and centrifuge to clarify. Transfer 30.0 mL ofAnalysis
the clear supernatant to a glass-stoppered, 125-mL conicalSamples:  Internal standard solution and Sample solution
flask. Add 1 mL of glacial acetic acid and 0.5–1.0 g of potas-Call the integration sub-routine after phase corrections and
sium iodide. Insert the stopper, swirl, and allow to stand forbaseline correction between −0.5 and +6 ppm.
25–30 min in the dark. Add 1 mL of starch TS, and titrateMeasure the peak areas of the doublet from the methyl
with 0.002 N sodium thiosulfate VS to the disappearance ofgroups of the hydroxypropyl function at +1.2 ppm (A2), and
the starch-iodine color. Perform a blank determination, andof the methyl groups at 0 ppm of the internal standard (A1)
make any necessary correction. Each mL of 0.002 N sodiumwithout 13C-satellites.
thiosulfate VS is equivalent to 34 µg of oxidant, calculated asMeasure the signal coming from the 3 protons of the methyl
hydrogen peroxide.group in the hydroxypropyl function.

Acceptance criteria:  NMT 1.4 mL of 0.002 N sodium thio- Calculate the hydroxypropyl group content as a percentage
sulfate VS is required (20 µg/g, calculated as H2O2).(w/w, dried basis) using the following expression:

• PROCEDURE 2: FOREIGN MATTER
Sample:  50 mg/mL of Hydroxypropyl Potato Starch in a mix-Result = (N × A2/A1) × (Ci × Wi/W) × (Mr2/Mr1) × [100/(100 −
ture of glycerin and water (1:1)B)] × 100

Analysis:  Examine under a microscope, using NLT 20× mag-
N = numerical value representing the 3 methyl nification and a mixture of glycerin and water (1:1) as a

groups in the internal standard (sodium 3-tri- mounting agent.
methylsilyl-1-propane sulfonate), 3 Acceptance criteria:  NMT traces of matter other than

A1 = area of the methyl groups in the internal stan- Hydroxypropyl Potato Starch granules are present.
dard (sodium 3-trimethylsilyl-1-propane sulfo-

SPECIFIC TESTSnate)
• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-A2 = area of the methyl groups of hydroxypropyl in

CROORGANISMS 〈62〉:  The total aerobic microbial count doesHydroxypropyl Potato Starch
not exceed 1000 cfu/g, the total combined molds and yeastsCi = concentration of the internal standard in the In-
count does not exceed 100 cfu/g, and it meets the require-ternal standard solution (mg/g)
ments of the test for the absence of Escherichia coli.Wi = weight of the Internal standard solution in the

• PH 〈791〉NMR tube (g)
Sample solution:  Suspend 5.0 g of Hydroxypropyl PotatoW = weight of the washed and dried Hydroxypropyl
Starch in 25.0 mL of carbon dioxide-free water and shake forPotato Starch in the NMR tube (mg)
60 s. Allow to stand for 15 min.Mr1 = molecular weight of the internal standard,

Acceptance criteria:  4.5–8.0218.32 g/mol
• LOSS ON DRYING 〈731〉:   Dry about 1 g at 130° for 90 min: itMr2 = molar mass of hydroxypropyl group, 59.09 g/mol

loses NMT 20.0% of its weight.
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ADDITIONAL REQUIREMENTS Table 1
• PACKAGING AND STORAGE:  Preserve in well-closed containers.

Component in the CompositionStore at room temperature.■2S (NF29)
Calibration Ester Mixture (%)
USP Methyl Myristate RS (C14:0) 5
USP Methyl Palmitate RS (C16:0) 15

BRIEFING USP Methyl Palmitoleate RS
(C16:1) 10

USP Methyl Stearate RS (C18:0) 10
Polyglyceryl Dioleate.  Because there is no existing NF mono- USP Methyl Oleate RS (C18:1) 20
graph for this excipient, a new monograph is proposed based

USP Methyl Linoleate RS (C18:2) 15on validated methods of analysis. In the test for Content of Fatty
USP Methyl Linolenate RS (C18:3) 10Acids, the gas chromatographic procedure is based on analysis
Methyl arachidate (C20:0) 10performed with the Varian CP-Wax 52 CB brand of capillary col-

umn. The typical retention times for methyl palmitate, methyl Methyl gadoleate (C20:1) 5
palmitoleate, methyl stearate, and methyl oleate are 9.26, 9.58,

Sample solution:  Introduce 100 mg of Polyglyceryl Dioleate11.92, and 12.28 min, respectively.
into a 25-mL conical flask fitted with a suitable water-cooled
reflux condenser and a magnetic stir bar. Add 2 mL of 0.5 N
Methanolic sodium hydroxide solution, mix, and reflux for about(EM2: H. Wang.) RTS—C83793 30 min. Add 2 mL of Boron trifluoride methanol solution
through the condenser and reflux for about 30 min. Add 4
mL of n-heptane through the condenser and reflux for 5 min.
Cool, remove the condenser, add about 10 mL of Saturated
sodium chloride solution, shake, add a quantity of Saturated

Add the following: sodium chloride solution to bring the upper layer up to the
neck of the flask, and allow the layers to separate. Collect 2
mL of the n-heptane layer (upper layer), wash with three

. quantities, each at 2 mL of water, and dry the n-heptane
■Polyglyceryl Dioleate phase over anhydrous sodium sulfate.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)R–O–(CH2–CH(OR)–CH2–O)3–R
Mode:  GC

R = H, or CO–C17H33 Detector:  Flame ionization
1,2,3-Propanetriol, homopolymer, (9Z)-9-octadecenoate, Column:  0.32-mm × 30-m fused-silica capillary column;
Polyglyceryl 3 Dioleate  [9007-48-1]. 0.25-µm layer of phase G16

TemperatureR–O–(CH2–CH(OR)–CH2–O)6–R
Detector:  250°R = H, or CO–C17H33 Injection port:  240°1,2,3-Propanetriol, homopolymer, (9Z)-9-octadecenoate, Column:  See temperature program table below.Polyglyceryl 6 Dioleate  [76009-37-5].

DEFINITION Hold Time
Polyglyceryl Dioleate is a mixture of polyglyceryl diesters of Initial Temperature Final at Final

mainly oleic acid, obtained by esterification of polyglycerin and Temperature Ramp Temperature Temperature
oleic acid. The polyglycerin consists mainly of triglycerin or (°) (°/min) (°) (min) 
hexaglycerin. 150 6 250 6

IDENTIFICATION Carrier gas:  Nitrogen• A. INFRARED ABSORPTION 〈197F〉 Flow rate:  1.0–1.2 mL/min• B.  Meets the requirements of the test for Content of Fatty Acids Injection size:  1 µL• C.  Meets the requirements of the test for Fats and Fixed Oils, Injection type:  Split injection. The split ratio is about 1:80.Hydroxyl Value 〈401〉. [NOTE—This test will differentiate Polyg- System suitabilitylyceryl 3 Dioleate and Polyglyceryl 6 Dioleate.] Sample:  Standard solution
[NOTE—See the relative retention time table below.]ASSAY

• CONTENT OF FATTY ACIDS
0.5 N Methanolic sodium hydroxide solution:  Dissolve 20 g Relative Retention
of sodium hydroxide in 50 mL of water, and mix. Cool to Component Time
room temperature and add 950 mL of methanol. Methyl myristate 0.74

Boron trifluoride methanol solution:  Dissolve 14 g of boron
Methyl palmitate 1.00trifluoride in methanol to make 100 mL, and mix well.1 
Methyl palmitoleate 1.03Saturated sodium chloride solution:  Dissolve about 375 g of
Methyl stearate 1.29sodium chloride in water to make 1000 mL.

Standard solution:  Prepare the calibration ester mixture by Methyl oleate 1.33
mixing up each individual ester component (see Table 1 for Methyl linoleate 1.37a

the component’s composition). Dissolve 500 mg of the cali- Methyl linolenate 1.46b

bration ester mixture in n-heptane and dilute with n-heptane
a There could be an isomer eluting at a relative retention time of 1.39.to 50 mL. [NOTE—Commercially available mixtures of fatty
b There could be two isomers eluting at relative retention times of 1.45 andacid methyl esters may also be used.]
1.48.

1 Boron trifluoride-methanol solution (14% in methanol) is also commercially
available from Sigma, B-1252, or equivalent quality.
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phenolphthalein TS, and titrate with 0.1 N potassium hydrox-Relative Retention
ide VS or 0.1 N sodium hydroxide VS until the solution re-Component Time
mains faintly pink after shaking for 30 s. Proceed as directedMethyl arachidate 1.55
under Fats and Fixed Oils, Acid Value 〈401〉 to perform the

Methyl gadoleate 1.58 calculation.
a There could be an isomer eluting at a relative retention time of 1.39. Acceptance criteria
b There could be two isomers eluting at relative retention times of 1.45 and Polyglyceryl 3 Dioleate:  NMT 6
1.48. Polyglyceryl 6 Dioleate:  NMT 6

• FATS AND FIXED OILS, Hydroxyl Value 〈401〉Suitability requirements
Acceptance criteriaResolution:  NLT 1.5 between the peaks due to methyl ste-
Polyglyceryl 3 Dioleate:  195–245, determined on a 0.7-g toarate and methyl oleate
1.0-g specimenRelative standard deviation:  NMT 6.0% for the palmitate

Polyglyceryl 6 Dioleate:  270–320, determined on 0.5-g toand stearate peak areas
0.7-g specimenAnalysis

• IODINE VALUESamples: Standard solution and Sample solution
Analysis:  Accurately weigh 0.15 g of Polyglyceryl Dioleate,Identify the fatty acid ester peaks of the Sample solution by
transfer to a dry 250-mL flask with a ground-glass stopper,comparing the retention times of these peaks with those of
and add 25 mL of methylene chloride. Add 20 mL of the Wijs’the Standard solution, and measure the peak areas for all of
solution2. Close the flask and keep it in the dark for 1 h whilethe fatty acid esters in the Sample solution. Calculate the
shaking frequently. Perform the test in Fats and Fixed Oils, Io-percentage of each fatty acid ester component in the test
dine Value 〈401〉, starting with “Then add, in the order named,specimen:
30 mL of potassium iodide TS and 100 mL of water.”

Acceptance criteriaResult = (A/B) × 100
Polyglyceryl 3 Dioleate:  60–80
Polyglyceryl 6 Dioleate:  50–70A = peak area of each individual fatty acid ester com-

• FATS AND FIXED OILS, Peroxide Value 〈401〉:  Use 30 mL of aponent
mixture of glacial acetic acid and methylene chloride (3:2) toB = sum of the peak areas, excluding the solvent
replace 30 mL of a mixture of glacial acetic acid and chloro-peak, of the Sample solution
form (3:2).Acceptance criteria:  Polyglyceryl Dioleate exhibits the follow-

Acceptance criteriaing composition profile of fatty acids.
Polyglyceryl 3 Dioleate:  NMT 12.5
Polyglyceryl 6 Dioleate:  NMT 12.5

Carbon-Chain Number of • FATS AND FIXED OILS, Saponification Value 〈401〉:  Determined
Length Double Bonds Percentage on 1-g specimen

14 0 ≤ 5.0 Acceptance criteria
16 0 2.0–16.0 Polyglyceryl 3 Dioleate:  135–155

Polyglyceryl 6 Dioleate:  110–14016 1 ≤ 8.0
• WATER, Method I 〈921〉:  NMT 1%, determined on a 2.0-g18 0 ≤ 6.0

specimen
18 1 65.0–88.0
18 2 5.0–18.0a ADDITIONAL REQUIREMENTS

• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-18 3 ≤ 4.0a

tainers, protected from heat and moisture.Sum of fatty acids 0
• LABELING:  Label to indicate whether it is Polyglyceryl 3 Di-with C >18 ≤ 4.0

oleate or Polyglyceryl 6 Dioleate.a The content of C18:2 or C18:3 is the content of each fatty acid with its • USP REFERENCE STANDARDS 〈11〉respective isomers.
USP Methyl Myristate RS

IMPURITIES USP Methyl Palmitate RS
Inorganic Impurities USP Methyl Palmitoleate RS
• RESIDUE ON IGNITION USP Methyl Stearate RS

Analysis:  Heat a silica crucible to redness for 30 min, allow USP Methyl Oleate RS
to cool in a desiccator, and weigh. Evenly distribute about USP Methyl Linoleate RS
1.0 g of Polyglyceryl Dioleate in the crucible and weigh. Dry USP Methyl Linolenate RS
at 100°–105° for 1 h and ignite in a muffle furnace at USP Polyglyceryl 3 Dioleate RS
600 ± 25°, until the test substance is thoroughly charred. Per- USP Polyglyceryl 6 Dioleate RS■2S (NF29)

form the test for Residue on Ignition 〈281〉 on the residue
obtained, starting with “Moisten the sample with a small
amount (usually 1 mL) of sulfuric acid.”

Acceptance criteria:  NMT 1%
2 Wijs’ reagent RPE for analysis from Carlo Erba Reference 491902, Wijs’ solution• HEAVY METALS, Method II 〈231〉:  NMT 10 ppm
from www.sigmaaldrich.com, or equivalent quality.

SPECIFIC TESTS
• ACID VALUE

Analysis:  Accurately weigh (to within 0.1 mg) 5–10 g of
Polyglyceryl Dioleate, add 10 mL of alcohol and 3 drops of

©2010 The United States Pharmacopeial Convention All Rights Reserved.

In-Process Revision

2 Wijs’ reagent RPE for analysis from Carlo Erba Reference 491902, Wijs’ solution
from www.sigmaaldrich.com, or equivalent quality.



Pharmacopeial Forum
1236 IN-PROCESS REVISION Vol. 36(5) [Sept.–Oct. 2010]

BRIEFING • FATS AND FIXED OILS, Hydroxyl Value 〈401〉:  NMT 10
• FATS AND FIXED OILS, Iodine Value 〈401〉:  NMT 1.0
• FATS AND FIXED OILS, Peroxide Value 〈401〉:  NMT 1.0

Propylene Glycol Dicaprylate/Dicaprate,  NF 27 page 1325.
On the basis of comments and supporting data received, in the Change to read:
test for Fats and Fixed Oils 〈401〉, Saponification Value it is pro-
posed to change the specification from 310–335 to 320–340.

• FATS AND FIXED OILS, Saponification Value 〈401〉:  310–335
■320–340■2S (NF29)

• FATS AND FIXED OILS, Unsaponifiable Matter 〈401〉:  NMT 0.5%,(EM2: H. Wang.) RTS—C90918
determined on 5.0 g

• WATER DETERMINATION, Method Ia 〈921〉:  NMT 0.1%, using a
mixture of methanol and methylene chloride (1:1) in place of
methanol in the titration vessel

.

Propylene Glycol Dicaprylate/Dicaprate ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in well-closed containers,Decanoic acid, mixed diesters with octanoic acid and propylene and protect from moisture. No storage requirements specified.glycol [68583-51-7]. • USP REFERENCE STANDARDS 〈11〉

USP Propylene Glycol Dicaprylate/Dicaprate RSDEFINITION
Propylene Glycol Dicaprylate/Dicaprate is a mixture of the propyl-

ene glycol mono- and diesters of caprylic acid (C8H16O2) and
capric acid (C10H20O2), the diesters fraction being predominant.

BRIEFING
IDENTIFICATION
• A. INFRARED ABSORPTION 〈197F〉
• B. THIN-LAYER CHROMATOGRAPHY IDENTIFICATION TEST 〈201〉 Racemethionine.  Because there is no existing NF monograph

Standard solution:  50 mg/mL of USP Propylene Glycol Di- for this article, a new monograph is being proposed, based on
caprylate/Dicaprate RS in methylene chloride validated methods of analysis and aligned with the European

Sample solution:  50 mg/mL of Propylene Glycol Dicaprylate/ Pharmacopoeia monograph, DL-Methionine. Interested parties are
Dicaprate in methylene chloride encouraged to comment on the proposal.

Application volume:  10 µL, as streaks
Developing solvent system:  Ether and hexane (7:3)
Spray reagent:  0.1 mg/mL of rhodamine 6G in alcohol (EM1: R. Lafaver. NOM: A. Wilk.) RTS—C86380Analysis
Samples:  Standard solution and Sample solution
Develop the chromatogram over a path of 15 cm, and dry
the plate in a current of air. Spray the plate with Spray
reagent, and locate the spots on the plate by examination
under UV light at a wavelength of 365 nm. Add the following:

Acceptance criteria:  The RF values of the principal spots from
the Sample solution correspond to those from the Standard

.solution.
• C.  Meets the requirements of the test for Fats and Fixed Oils ■Racemethionine

〈401〉, Fatty Acid Composition.

IMPURITIES
Inorganic Impurities
• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 0.1%
• ALKALINE IMPURITIES

Sample:  2.0 g of Propylene Glycol Dicaprylate/Dicaprate C5H11NO2S 149.21Analysis:  Dissolve the Sample in a mixture of 1.5 mL of alco- Methionine, DL-;hol and 3.0 mL of ether. Add 0.05 mL of bromophenol blue DL-2-Amino-4-(methylthio)-butyric acid [59-51-8].TS.
Acceptance criteria:  NMT 0.15 mL of 0.01 N hydrochloric DEFINITION
acid is required in order to change the color of the indicator Racemethionine contains NLT 99.0% and NMT 101.0% of
to yellow. C5H11NO2S, as DL-methionine, calculated on the dried basis.

SPECIFIC TESTS IDENTIFICATION
• FATS AND FIXED OILS, Acid Value 〈401〉:  NMT 0.2 • A. INFRARED ABSORPTION 〈197K〉
• FATS AND FIXED OILS, Fatty Acid Composition 〈401〉:  Propylene Sample:  Dry the substances at 105°.

Glycol Dicaprylate/Dicaprate exhibits the composition profile • B.  The principal spot from Sample solution B is similar in size,
of fatty acids shown in the following table. color, and position to the principal spot from Standard solution

A, as obtained in the test for Organic Impurities, Related
Substances.Carbon-Chain Number of Percentage

• C. OPTICAL ROTATION, Angular Rotation 〈781A〉:  −0.05° toLength Double Bonds (%) 
+0.05°6 0 ≤2.0

Sample:  50 mg/mL in 1 M hydrochloric acid8 0 50.0–80.0 • D. PROCEDURE:  Dissolve 0.1 g of Racemethionine and 0.1 g of
10 0 20.0–50.0 glycine in 4.5 mL of dilute sodium hydroxide solution (85 mg/
12 0 ≤3.0 mL). Add 1 mL of sodium nitroferricyanide solution (25 mg/
14 0 ≤1.0 mL). Heat to 40° for 10 min. Allow to cool, and add 2 mL of a

mixture of hydrochloric acid and phosphoric acid (90:10). A
deep red color develops.
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ASSAY 50 mL of 10% hydrochloric acid, dilute with water to 1000
• PROCEDURE mL, and mix. Dilute 1 mL of this solution with water to 40

Sample:  140 mg of Racemethionine mL. Pipet 5 mL of this solution into a 200-mL volumetric
Analysis:  Dissolve the Sample in a mixture of 3 mL of formic flask, dilute with water to volume, and mix.
acid and 50 mL of glacial acetic acid. Titrate with 0.1 N per- Standard solution:  Transfer 2 mL of the Standard stock solu-
chloric acid VS, determining the endpoint potentiometrically. tion to a 25-mL volumetric flask. Add 5 mL of 16% hydro-
Perform a blank determination, and make any necessary cor- chloric acid, 50 mg of ammonium persulfate, and 3 mL of
rections (see Titrimetry 〈541〉). Each mL of 0.1 N perchloric 30% ammonium thiocyanate, and dilute with water to
acid is equivalent to 14.92 mg of C5H11NO2S. volume.

Acceptance criteria:  99.0%–101.0% on the dried basis Sample solution:  Transfer 1 g of Racemethionine to a 25-mL
volumetric flask. Add 5 mL of 16% hydrochloric acid, and

IMPURITIES dissolve. Add 50 mg of ammonium persulfate and 3 mL of
Inorganic Impurities 30% ammonium thiocyanate, and dilute with water to
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%, determined on 1.0 g volume.
• CHLORIDE AND SULFATE, Chloride 〈221〉:  [NOTE—Prepare the Blank:  Transfer 5 mL of 16% hydrochloric acid to a 25-mL

Sample solution and the Standard solution at the same time.] volumetric flask. Add 50 mg of ammonium persulfate and 3
Chloride standard solution (5 ppm Cl):  0.824 mg/mL of mL of 30% ammonium thiocyanate, and dilute with water to
NaCl. Just prior to use, dilute 1 mL of this solution with volume.
water to 100 mL. Spectrometric conditions

Standard solution:  To 10 mL of Chloride standard solution (See Spectrophotometry and Light-Scattering 〈851〉.)
add 10 mL of 0.1 N silver nitrate and 25 mL of water, and Mode:  UV
mix . Analytical Wavelength:  475 nm

Sample solution:  Dissolve 0.25 g in 35 mL of water. Add 5 Cell:  1 cm
mL of dilute nitric acid and 10 mL of 0.1 N silver nitrate. Analysis
Allow to stand protected from light for 5 min. Samples:  Standard solution, Sample solution, and Blank

Analysis:  Examine the Sample solution and Standard solution Without delay, concomitantly determine the absorbances of
laterally against a black background. each sample, correcting for the blank.

Acceptance criteria:  Any opalescence in the Sample solution Acceptance criteria:  The absorbance of the Sample solution
is not more intense than that in the Standard solution (200 is NMT that of the Standard solution (NMT 10 ppm).
ppm). • LIMIT OF AMMONIUM

• CHLORIDE AND SULFATE, Sulfate 〈221〉  [NOTE—Prepare the Sam- Standard solution A:  0.297 mg/mL of USP Ammonium
ple solution and the Control solution at the same time.] Chloride RS. This solution contains 0.1 mg/mL or 100 ppm
Barium chloride solution:  250 mg/mL of NH4+.
Sulfate standard solution (10 ppm SO4):  1.81 mg/mL of Standard solution B:  0.297 µg/mL of USP Ammonium Chlo-
potassium sulfate in 30% alcohol (v/v). Just prior to use, di- ride RS. This solution contains 0.1 µg/mL or 0.1 ppm of
lute 1 mL of this solution with 30% alcohol (v/v) to 100 mL. NH4+.

Standard solution:  Mix 3 mL of the Barium chloride solution Standard solution C:  2.97 µg/mL of USP Ammonium Chlo-
and 4.5 mL of the Sulfate standard solution, and allow to ride RS. This solution contains 1.0 µg/mL or 1 ppm of NH4+.
stand for 1 min. Standard solution D:  29.7 µg/mL of USP Ammonium Chlo-

Sample stock solution:  50.0 mg/mL, heated to 60°. Cool to ride RS. This solution contains 10 µg/mL or 10 ppm of NH4+.
10°, and filter. Sample solution:  10 mg/mL of Racemethionine

Sample solution:  To 2.5 mL of the Standard solution add 15 Electrode system:  Use an ammonia-specific1,  ion-indicating
mL of the Sample stock solution and 0.5 mL of 5 N acetic electrode connected to a pH meter capable of measuring
acid. potentials. (See pH 〈791〉).

Control solution:  To 2.5 mL of the Standard solution add 15 Analysis
mL of the Sulfate standard solution and 0.5 mL of 5 N acetic Samples:  Standard solution A, Standard solution B, Standard
acid. solution C, Standard solution D, and Sample solution.

Analysis  Add 100 mL of water to a 150-mL beaker, place the elec-
Samples:  Control solution and Sample solution trode in the beaker, stir, and measure the potential. Add 1

Acceptance criteria:  After 5 min, any opalescence in the mL of 10 N sodium hydroxide. Stir, and measure the po-
Sample solution is not more intense than that in the Control tential after stabilization. [NOTE—It may take about 5 min.]
solution (200 ppm). The potential difference must be below 20 mV.

• HEAVY METALS Add 100.0 mL each of Standard solutions A, B, C, and D to
Sodium sulfide solution:  Dissolve 5 g of sodium sulfide in 10 four different 150-mL beakers. To each beaker, add 1 mL of
mL of water. Add 30 mL of glycerin. 10 N sodium hydroxide. Place the ammonia electrode in the

Standard lead solution:  Prepare as directed for Special Re- beaker, stir, and concomitantly measure the potential after
agents under Heavy Metals 〈231〉. stabilization. [NOTE—It may take about 5 min.] Draw a cali-

Standard solution:  Transfer 1.0 mL of the Standard lead solu- bration curve of the potential, in mV, versus, the quantity of
tion to a 10-mL volumetric flask. Add 1 mL of 50% acetic ammonium (NH4+), in mg.
acid and 2 drops of 25% sodium hydroxide, and dilute with Add 100.0 mL of the Sample solution to a 150-mL beaker.
water to volume. Add 1 mL of 10 N sodium hydroxide. Adjust the pH, if nec-

Sample solution:  Dissolve 5 g of Racemethionine by adding essary, with 10 N sodium hydroxide to a pH of NLT 11.
5 mL of 16% hydrochloric acid and 5 mL of water. Adjust Place the ammonia electrode in the beaker, stir, and meas-
with 25% sodium hydroxide to a pH of 3.0–4.0. Dilute with ure the potential after stabilization. [NOTE—It may take
water to 50 mL. Shake for approximately 15 min, and filter. about 5 min.] Obtain the quantity of NH4+, in mg, in the

Analysis:  Add 1 drop of Sodium sulfide solution to 10 mL of 100 mL of the Sample solution based on the calibration
the Sample solution and 1 drop of Sodium sulfide solution to curve.
10 mL of the Standard solution. Let stand for 5 min. View Calculate the percentage of ammonium (NH4+), in the por-
downward over a white surface. tion of Racemethionine taken:

Acceptance criteria:  The color of the solution from the Sam-
ple solution is not darker than that of the solution from the Result = (C/W) × F
Standard solution (NMT 10 ppm).

• LIMIT OF IRON C = quantity of ammonium in the Sample solution
Standard stock solution (125 ppm):  Dissolve 1.727 g of fer- from the standard curve (mg)
ric ammonium sulfate [FeNH4(SO4)2 · 12H2O] in water, add

1 Orion 95-12 is suitable.
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W = weight of Racemethionine taken to prepare the Acceptance criteria:  Any spot obtained from Sample solution
Sample solution (mg) A, apart from the principal spot, is not more intense than the

F = conversion factor to µg/g (ppm), (1 × 106) spot obtained from Standard solution B (NMT 0.2%).
Acceptance criteria:  NMT 200 ppm

SPECIFIC TESTSOrganic Impurities
• PH 〈791〉:  5.4–6.1, in a 20 mg/mL solution• PROCEDURE: RELATED SUBSTANCES
• LOSS ON DRYING 〈731〉:  Dry a sample at 105° for 3 h: it losesStandard solution A:  0.40 mg/mL of USP Racemethionine

NMT 0.5% of its weight, determined on 1.000 g.RS
• TRANSMITTANCEStandard solution B:  40 µg/mL of USP Racemethionine RS

Sample solution:  10% of Racemethionine in 2 N hydrochloricSample solution A:  20 mg/mL of Racemethionine
acid, prepared by sonication.Sample solution B:  0.40 mg/mL of Racemethionine

Analysis:  Determine the transmittance in a 1-cm cell at 430Chromatographic system
nm with a suitable spectrophotometer.(See Chromatography 〈621〉, Thin-Layer Chromatography.)

Acceptance criteria:  Transmittance of NLT 0.98, correspond-Mode:  TLC
ing to an absorbance of NMT about 0.009Adsorbent:  0.25-mm layer of chromatographic silica gel

mixture ADDITIONAL REQUIREMENTSApplication volume:  5 µL • PACKAGING AND STORAGE:  Preserve in well-closed containers,Developing solvent system:  Butyl alcohol, glacial acetic protected from light.acid, and water (3:1:1) • USP REFERENCE STANDARDS 〈11〉Spray reagent:  2 mg/mL of ninhydrin in a mixture of bu- USP Racemethionine RStyl alcohol and 2 N acetic acid (95:5) USP Ammonium Chloride RS■2S (NF29)Analysis
Samples:  Standard solution and Sample solution
 Develop over a path of 10 cm using the Developing solvent
system. After air-drying the plate, spray with Spray reagent,
and heat between 100° and 105° for 15 min. Examine the
plate under white light.
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GENERAL CHAPTERS

General Tests and Assays

Biological Tests and Assays

BRIEFING

h81i Antibiotics—Microbial Assays, USP 32 page 86. On
the basis of comments received from the Monograph Develop-
ment—Antibiotics Expert Committee and USP staff, this general
chapter was revised by the General Chapter h81i Advisory Panel
and endorsed by the Monograph Development—Antibiotics
Expert Committee. The Advisory Panel consisted of representa-
tives from the Food and Drug Administration as well as from
pharmaceutical and related industries in the United States
and overseas.

This proposal updates the entire chapter so that it reflects
current industry practices. The major proposed revisions are
as follows:

� The chapter was redesigned and the contents were reorga-
nized for clarity.

� The tables were updated to delete references to 1) antibi-
otics for which the monograph specifies an HPLC proce-
dure and 2) those for which there is no official USP
monograph. The contents of all tables were sorted by an-
tibiotic name for ease of use.

� The Calculations section was expanded to provide details
about the interpretation of data. In an effort to make the
chapter a more inclusive public standard, references to De-
sign and Analysis of Biological Assays h111iwere eliminated.
Sample calculations were included in the chapter to pro-
vide guidance. In the future, USP intends to provide an on-
line compendial tool that may be used to evaluate the data
generated from microbial assay procedures.

� Because Federal Master Standards are no longer available,
references to them were updated.

� A statement was added to indicate that the procedures
should be performed under aseptic conditions.

� Additional information was provided about the mainte-
nance of microorganisms for the assays.

Interested parties are invited to comment on the proposal.

NOTE—Because of the large number of crossed-off pages,
the pages in the print version of PF 36(5) represent only the
added proposed revision of h81i. The complete text of this pro-
posal is available on the USP website (www.usp.org) and in the
online electronic version of PF 36(5).

(GCM: A. Wise; R. Tirumalai) RTS—C70647

h81i ANTIBIOTICS—MICROBIAL
ASSAYS

Change to read:

&INTRODUCTION AND GENERAL
INFORMATION

The activity (potency) of antibiotics can be demonstra-

ted by their inhibitory effect on microorganisms under

suitable conditions. A reduction in antimicrobial activity

may not be adequately demonstrated by chemical meth-

ods. This chapter summarizes procedures for the antibi-

otics recognized in the United States Pharmacopeia (USP)

for which the microbiological assay is the standard ana-

lytical method.

Two general techniques are employed, the cylinder-

plate (or plate) assay and the turbidimetric (or tube) assay.

Table 1 lists all the antibiotics that contain microbial as-

says and specifies the type of assay (cylinder-plate or tur-

bidimetric).

Table 1

Antibiotic Type of Assay

Amphotericin B Cylinder-plate

Bacitracin Cylinder-plate

Bleomycin Cylinder-plate

Capreomycin Turbidimetric

Carbenicillin Cylinder-plate

Chloramphenicol Turbidimetric

Chlortetracycline Turbidimetric
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Table 1 (Continued)

Antibiotic Type of Assay

Cloxacillin Cylinder-plate

Colistemethate Cylinder-plate

Colistin Cylinder-plate

Dihydrostreptomycin Cylinder-plate

Turbidimetric

Erythromycin Cylinder-plate

Gentamicin Cylinder-plate

Gramicidin Turbidimetric

Nafcillin Cylinder-plate

Natamycin Cylinder-plate

Neomycin Cylinder-plate

Turbidimetric

Novobiocin Cylinder-plate

Nystatin Cylinder-plate

Oxytetracycline Turbidimetric

Paromomycin Cylinder-plate

Penicillin G Cylinder-plate

Polymyxin B Cylinder-plate

Sisomicin Cylinder-plate

Tetracycline Turbidimetric

Thiostrepton Turbidimetric

Troleandomycin Turbidimetric

Tylosin Turbidimetric

Vancomycin Cylinder-plate

[NOTE—Perform all monograph procedures aseptically.

Take adequate safety precautions while performing these

assays because of possible allergies to drugs and because

live cultures of organisms are used in the procedures.]

Cylinder-plate assay: The cylinder-plate assay de-

pends on diffusion of the antibiotic from a vertical cylin-

der through a solidified agar layer in a Petri dish or plate.

The growth of the specific microorganisms inoculated in-

to the agar is prevented in a circular area or zone around

the cylinder containing the solution of the antibiotic.

Turbidimetric assay: The turbidimetric assay de-

pends on the inhibition of growth of a microorganism

in a uniform solution of the antibiotic in a fluid medium

that is favorable to the growth of the microorganism in

the absence of the antibiotic.

Units and Reference Standards: The potency of an-

tibiotics is designated in either units (U) or mg of activity.

In each case the unit or mg of antibiotic activity was orig-

inally established against a United States Federal Master

Standard for that antibiotic. The corresponding USP Ref-

erence Standard is calibrated in terms of the master stan-

dard.

Originally, an antibiotic selected as a reference stan-

dard was thought to consist entirely of a single chemical

entity and was therefore assigned a potency of 1000 mg/

mg. In several such instances, as the manufacturing and

purification methods for particular antibiotics became

more advanced, antibiotics containing more than 1000

mg of activity/mg became possible. Such antibiotics had

an activity equivalent to a given number of mg of the

original reference standard. In most instances, however,

the mg of activity is exactly equivalent numerically to the

mg (weight) of the pure substance. In some cases, such as

those listed below, the mg of activity defined in terms of

the original master standard is equal to a unit:

1. Where an antibiotic exists as the free base and in salt

form and the mg of activity has been defined in terms

of one of these forms
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2. Where the antibiotic substance consists of a number

of components that are chemically similar but differ

in antibiotic activity

3. Where the potencies of a family of antibiotics are ex-

pressed in terms of a reference standard consisting of

a single member which, however, might itself be het-

erogeneous

Do not assume that the mg of activity corresponds to

the mg (weight) of the antibiotic substance.

Apparatus: Labware used for the storage and transfer

of test dilutions and microorganisms must be sterile and

free of residues that may affect the assay (see Cleaning

Glass Apparatus h1051i). Use a validated sterilization

method, such as dry heat, steam, or radiation; or use ster-

ile, disposable labware.

Temperature control: Thermostatic control is re-

quired in several stages of a microbial assay: when cultur-

ing a microorganism and preparing its inoculum, and

during incubation in plate and tube assays. Refer to spe-

cific temperature requirements below for each type of as-

say.

Test organisms: The test organism for each antibiotic

is listed in Table 3 for the cylinder-plate assay and Table 8

for the turbidimetric assay. The test organisms are spec-

ified by the American Type Culture Collection (ATCC)

number.

In order to ensure acceptable performance of test or-

ganisms, store and maintain them properly. Establish

the specific storage conditions during method validation

or verification. Discard cultures if a change in the orga-

nism’s characteristics is observed.

Prolonged storage: For prolonged storage, main-

tain test organisms in a suitable storage solution such

as 50% fetal calf serum in broth, 10%–15% glycerol in

tryptic soy broth, defribinated sheep blood, or skim milk.

Prolonged-storage cultures are best stored in the freeze-

dried state; temperatures of –608 or below are preferred;

temperatures below –208 are acceptable.

Primary cultures: Prepare primary cultures by

transferring test organisms from prolonged-storage vials

onto appropriate media, and incubate under appropriate

growth conditions. Store primary cultures at the appro-

priate temperature, usually 28–88, and discard after three

weeks. A single primary culture can be used to prepare

working cultures only for as many as seven days.

Working cultures: Prepare working cultures by

transferring the primary culture onto appropriate solid

media to obtain isolated colonies. Incubate working cul-

tures under appropriate conditions to obtain satisfactory

growth for preparation of test inocula. Prepare fresh

working cultures for each test day.

Uncharacteristic growth or performance of a

test organism: Use new stock cultures, primary cul-

tures, or working cultures when a test organism shows

uncharacteristic growth or performance.

Assay designs: Suitable experimental designs are key

to increasing precision and minimizing bias. Control of

the incubation parameters, temperature distribution

and time, is critical for minimizing bias; it can be accom-

plished by staging the plates and racks as described for

each assay.

Cylinder-plate assay: The comparisons are restric-

ted to relationships between zone diameter measure-

ments within plates, excluding the variation between

plates. Individual plate responses are normalized on the

basis of the relative zone size of the standard compared

to the mean zone size of the standard across all plates.

Turbidimetric assay: To avoid systematic bias,

place replicate tubes randomly in separate racks so that

each rack contains one complete set of treatments. The

purpose of this configuration is to minimize the influence

of temperature distribution on the replicate samples. The
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turbidimetric assay, because of the configuration of the

samples in test tube racks, is sensitive to slight variations

in temperature. The influence of temperature variation

can also be decreased by ensuring proper airflow or heat

convection during incubation. At least three tubes for

each sample and standard concentration (one complete

set of samples) should be placed in a single rack. The

comparisons are restricted to relationships between the

observed turbidities within racks.

Potency considerations: Within the restrictions

listed above, the recommended assay design employs a

five-concentration standard curve and a single concen-

tration of each sample preparation.

For the cylinder-plate assay, each plate includes only

two treatments, the reference treatment (median level

standard, i.e., S3) and one of the other four concentra-

tions of the standard (S1, S2, S4, and S5) or the sample

(U3). The concentration of the sample is an estimate

based on the target concentration. The sample should

be diluted to give a nominal concentration that is esti-

mated to be equivalent to the median reference concen-

tration (S3) of the standard. The purpose of diluting to

the median reference concentration is to ensure that

the sample result will fall within the linear portion of

the standard curve. The test determines the relative po-

tency of U3 against the standard curve. The sample (U3)

should have a relative potency of about 100%. The final

potency of the sample is obtained by multiplying the U3

result by the dilution factor.

An assay should be considered preliminary if the com-

puted potency value of the sample is less than 80% or

more than 125%. In this case, the results suggest that

the sample concentration assumed during preparation

of the sample stock solution was not correct. In such a

case, one can adjust the assumed potency of the sample

on the basis of the preliminary potency value and repeat

the assay. Otherwise, the potency will be derived from a

portion of the curve where the standard and sample re-

sponses will likely not be parallel.

Microbial determinations of potency are subject to in-

ter-assay as well as intra-assay variables; therefore two or

more independent assays are required for a reliable esti-

mate of the potency of a given sample. Starting with se-

parately prepared stock solutions and test dilutions of

both the standard and the sample, perform additional

assays of a given sample on a different day. The mean po-

tency should include the results from all the valid inde-

pendent assays. The number of assays required in order

to achieve a reliable estimate of potency depends on the

variability of the assay and the required maximum uncer-

tainty for the potency estimate. The latter is assessed by

the width of the confidence interval (refer to Calculations,

Confidence limits and combinations of assay calculations).

The combined result of a series of smaller, independent

assays spread over a number of days is a more reliable es-

timate of potency than one from a single large assay with

the same total number of plates or tubes. Note that ad-

ditional assays or lower variability allows the product to

meet tighter specification ranges. Reducing assay vari-

ability achieves the required confidence limit with fewer

assays.

CYLINDER-PLATE METHOD

Temperature control: Use appropriately qualified

and calibrated equipment to obtain the temperature

ranges specified in Table 3.

Apparatus

Plates: Glass or disposable plastic Petri dishes (ap-

proximately 206100 mm) with lids

Cylinders: Stainless steel or porcelain cylinders; 8

mm + 0.1 mm o.d.; 6 mm + 0.1 mm i.d.; 10 mm

+0.1 mm high. [NOTE—Carefully clean cylinders to re-
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move all residues; occasional cleaning in an acid bath,

e.g., with about 2 N nitric acid or with chromic acid

(see Cleaning Glass Apparatus h1051i) is required.]

Standard solutions: To prepare a stock solution, dis-

solve a suitable quantity of the USP Reference Standard

of a given antibiotic, or the entire contents of a vial of

USP Reference Standard, where appropriate, in the sol-

vent specified in Table 2; and dilute to the specified con-

centration. Store at 28–88 and use within the period

indicated. On the day of the assay, prepare from the

stock solution five or more test dilutions, in which the

successive solutions increase stepwise in concentration,

usually in the ratio of 1 : 1.25. Use the final diluent spec-

ified such that the median has the concentration sug-

gested in Table 2.

Sample solutions: Assign an assumed potency per

unit weight or volume to the sample. On the day of

the assay prepare a stock solution in the same manner

specified for the USP Reference Standard (Table 2). Dilute

the sample stock solution in the specified final diluent to

obtain a nominal concentration equal to the median

concentration of the standard (S3).

Table 2

Antibiotic

Stock Solution Test Dilution

Initial

Solvent

Initial

Concentra-

tion

Fur-

ther

Dilu-

ent

Final

Concen-

tration

Use

Within

Final

Dilu-

ent

Median

Concen-

tration

(S3)a,b

Amphotericin

Bc,d

dimethyl sulfox-

ide

— — 1 mg/mL same

day

B.10e 1 mg/mL

Bacitracinf 0.01 N hydro-

chloric acid

— — 100 U/mL same

day

B.1e 1 U/mL

Bleomycin B.16e — — 2 U/mL 14 days B.16e 0.04 U/

mL

Carbenicillin B.1e — — 1 mg/mL 14 days B.1e 20 mg/mL

Cloxacillin B.1e — — 1 mg/mL 7 days B.1e 5 mg/mL

Colistemethatec water 10 mg/mL B.6e 1 mg/mL same

day

B.6e 1 mg/mL

Colistin water 10 mg/mL B.6e 1 mg/mL 14 days B.6e 1 mg/mL

Dihydrostrep-

tomycing

B.3e — — 1 mg/mL 30 days B.3e 1 mg/mL

Erythromycin methanol 10 mg/mL B.3e 1 mg/mL 14 days B.3e 1 mg/mL

Gentamicin B.3e — — 1 mg/mL 30 days B.3e 0.1 mg/mL

Nafcillin B.1e — — 1 mg/mL 2 days B.1e 2 mg/mL

Natamycin dimethyl sulfox-

ide

— — 1 mg/mL same

day

B.10e 5 mg/mL
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Table 2 (Continued)

Antibiotic

Stock Solution Test Dilution

Initial

Solvent

Initial

Concentra-

tion

Fur-

ther

Dilu-

ent

Final

Concen-

tration

Use

Within

Final

Dilu-

ent

Median

Concen-

tration

(S3)a,b

Neomycing B.3e — — 1 mg/mL 14 days B.3e 1 mg/mL

Novobiocin alcohol 10 mg/mL B.3e 1 mg/mL 5 days B.6e 0.5 mg/mL

Nystatinc, h dimethylform-

amide

— — 1000 U/

mL

same

day

B.6e 20 U/mL

Paromomycin B.3e — — 1 mg/mL 21 days B.3e 1 mg/mL

Penicillin G B.1e — — 1000 U/

mL

4 days B.1e 1 U/mL

Polymyxin Bi water — B.6e 10,000

U/mL

14 days B.6e 10 U/mL

Sisomicin B.3e — — 1 mg/mL 14 days B.3e 0.1 mg/mL

Vancomycin water — — 1 mg/mL 7 days B.4e 10 mg/mL
a It is acceptable to adjust the median concentration to optimize zone sizes if the data remain in the linear range.
b mg in this column refers to mg of activity.
c Prepare the USP Reference Standard and sample test dilutions simultaneously.
d Further dilute the stock solution with dimethyl sulfoxide to give concentrations of 12.8 mg/mL, 16 mg/mL, 20 mg/mL,
25 mg/mL, and 31.2 mg/mL before making the test dilutions.The test dilution of the sample should contain the same
amount of dimethyl sulfoxide as the test dilutions of the USP Reference Standard.
e The letter B refers to buffer. See Media and Solutions, Buffers for a description of each buffer listed in this table.
f Each of the standard test dilutions should contain the same amount of hydrochloric acid as the test dilution of the
sample.
g The turbidimetric assay can be used as an alternative procedure.
h Further dilute the stock solution with dimethylformamide to give concentrations of 256, 320, 400, 500, and
624 U/mL before making the test dilutions. Prepare the standard test dilutions simultaneously with test dilutions of
the sample to be tested. The test dilution of the sample should contain the same amount of dimethylformamide as the
test dilutions of the standard. Use low-actinic glassware.
i Prepare the stock solution by adding 2 mL of water for each 5 mg of the USP Reference Standard.

Inocula: Suspend the test organism from a freshly

grown slant or culture in 3 mL of sterile saline TS. Glass

beads can be used to facilitate the suspension. Spread

the saline suspension onto the surface of two or more

agar plates (covering the entire surface) or onto the sur-

face of a Roux bottle containing 250 mL of the specified

medium (See Table 3).

Incubate for the specified time and at the temperature

as specified in Table 3, or until growth is apparent.

After incubation, harvest the organism from the plates

or Roux bottle with approximately 50 mL of sterile saline

TS (except use Medium 34 for bleomycin; see the section

Media and Solutions), using a sterile bent glass rod or ster-

ile glass beads. Pipet the suspension into a sterile glass

bottle. This is the harvest suspension.

Dilute an appropriate amount of the harvest suspen-

sion with sterile saline TS. Using the UV-visible spectro-

photometer, measure % transmittance at 580 nm. The
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target value is approximately 25% transmittance at 580

nm. This value is used to standardize the harvest suspen-

sion volume added to the seed layer agar.

Starting with the suggested volumes indicated in Table

3, determine during method verification the proportions

of stock suspension to be added to the inoculum medi-

um that result in satisfactory zones of inhibition of ap-

proximately 14–16 mm in diameter for the median

concentration of the standard (S3). [NOTE—Zone sizes

that are outside the 11–19-mm range are not desirable,

because these contribute to assay variability.] If the dilu-

tion percentage transmittance is above 25%, a ratio may

be used to normalize the addition of organism to the

seed layer. The normalization factor can be determined

by dividing the percentage transmittance obtained from

the dilution by 25. This ratio can then be multiplied by

the suggested inoculum amount to obtain the volume

(mL) of harvest suspension that needs to be added to

the seed layer. Adjust the quantity of inoculum on a daily

basis, if necessary, to obtain an optimum concentration–

response relationship.

Alternatively, determine during method verification

the proportion of harvest suspension to be incorporated

into the inoculum, starting with the volumes indicated in

Table 3, that result in satisfactory demarcation of the

zones of inhibition of about 14–16 mm in diameter for

the median concentration of the standard (S3) and giving

a reproducible concentration–response relationship. Pre-

pare the inoculum by adding a portion of stock suspen-

sion to a sufficient amount of agar medium that has been

melted and cooled to 458–508. Swirl the mixture without

creating bubbles in order to obtain a homogeneous sus-

pension.

Table 3

Antibiotic

Test

Organism

ATCCa

Number

Incubation Conditions

Suggested

Inoculum Compo-

sition

Med-

iumb

Tempera-

ture

(8) Time

Med-

iumb

Amount

(mL/100

mL)

Amphotericin B Saccharomyces

cerevisiae

9763 19 29–31 48 h 19 1.0

Bacitracin Micrococcus

luteus

10240 1 32–35 24 h 1 0.3

Bleomycin Mycobacterium

smegmatis

607 36 36–37.5 48 h 35 1.0

Carbenicillinc Pseudomonas

aeruginosa

25619 1 36–37.5 24 h 10 0.5

Cloxacillin Staphylococcus

aureus

29737 1 32–35 24 h 1 0.1

Colistimethate Bordetella

bronchiseptica

4617 1 32–35 24 h 10 0.1
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Table 3 (Continued)

Antibiotic

Test

Organism

ATCCa

Number

Incubation Conditions

Suggested

Inoculum Compo-

sition

Med-

iumb

Tempera-

ture

(8) Time

Med-

iumb

Amount

(mL/100

mL)

Colistin Bordetella

bronchiseptica

4617 1 32–35 24 h 10 0.1

Dihydrostrep-

tomycin

Bacillus

subtilis

6633 32 32–35 5 days 5 as re-

quired

Erythromycin Micrococcus

luteus

9341 1 32–35 24 h 11 1.5

Gentamicin Staphylococcus

epidermidis

12228 1 32–35 24 h 11 0.03

Nafcillin Staphylococcus

aureus

29737 1 32–35 24 h 1 0.3

Neomycin Staphylococcus

epidermidis

12228 1 32–35 24 h 11 0.4

Novobiocin Staphylococcus

epidermidis

12228 1 32–35 24 h 1 4.0

Nystatin Saccharomyces

cerevisiae

2601 19 29–31 48 h 19 1.0

Paromomycin Staphylococcus

epidermidis

12228 1 32–35 24 h 11 2.0

Penicillin G Staphylococcus

aureus

29737 1 32–35 24 h 1 1.0

Polymyxin B Bordetella

bronchiseptica

4617 1 32–35 24 h 10 0.1

Sisomicin Staphylococcus

epidermidis

12228 1 32–35 24 h 11 0.03

Vancomycin Bacillus

subtilis

6633 32 32–35 5 days 8 as re-

quired
a American Type Culture Collection, 10801 University Boulevard, Manassas VA 20110-2209 (http://www.atcc.org)
b See Media and Solutions, Media.
c Use 0.5 mL of a 1 : 25 dilution of the stock suspension/100 mL of Medium 10.
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Analysis: Prepare the base layer for the required num-

ber of assay Petri plates, using the medium and volume

shown in Table 4. Allow it to harden into a smooth base

layer of uniform depth. Prepare the appropriate amount

of seed layer inoculum (Table 5) as directed for the given

antibiotic (Table 3) with any adjustments made based on

the preparatory trial analysis. Tilt the plate back and forth

to spread the inoculum evenly over the base layer sur-

face, and allow it to harden.

Table 4 (base layer)

Antibiotic Mediuma

Target

Volume

(mL)

Amphotericin Bb — —

Bleomycin 35 10

Carbenicillin 9 21

Colistimethate 9 21

Colistin 9 21

Dihydrostrepto-

mycin

5 21

Erythromycin 11 21

Gentamicin 11 21

Neomycin 11 21

Nystatina — —

Paromomycin 11 21

Polymyxin B 9 21

Sisomicin 11 21

Vancomycin 8 10

All others 2 21
a See Media and Solutions, Media.
b No base layer is used.
[NOTE—The base layer may be warmed to facilitate a uni-
form seed layer.]

Drop six assay cylinders on the inoculated surface from

a height of 12 mm, using a mechanical guide or other

device to ensure even spacing on a radius of 2.8 cm,

and cover the plates to avoid contamination. Fill the six

cylinders on each plate with dilutions of antibiotic con-

taining the test levels (S1–S5 and U3) specified in the fol-

lowing paragraph. Incubate the plates as specified in

Table 6 for 16–18 h, and remove the cylinders. Measure

and record the diameter of each zone of growth inhibi-

tion to the nearest 0.1 mm.

Table 5 (seed layer)

Antibiotic Mediuma

Target

Volume

(mL)

Amphotericin B Refer to Table 3 8

Bleomycin 6

Nystatin 8

All others 4
a See Media and Solutions, Media.

Table 6

Antibiotic

Incubation Tempera-

ture (8)

Amphotericin B 29–31

Carbenicillin 36–37.5

Colistimethate 36–37.5

Colistin 36–37.5

Dihydrostreptomycin 36–37.5

Gentamicin 36–37.5

Neomycin 36–37.5

Novobiocin 34–36

Nystatin 29–31

Paromomycin 36–37.5

Polymyxin B 36–37.5
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Table 6 (Continued)

Antibiotic

Incubation Tempera-

ture (8)

Sisomicin 36–37.5

Vancomycin 36–37.5

All others 32–35

The standards (S1–S5) and a single test level of the sam-

ple (U3) corresponding to S3 of the standard curve, as de-

fined under Standard solutions and Sample solutions will

be used in the assay. For deriving the standard curve, fill

alternate cylinders on each of three plates with the medi-

an test dilution (S3) of the standard and each of the re-

maining nine cylinders with one of the other four test

dilutions of the standard. Repeat the process for the three

test dilutions of the standard. For the sample, fill alternate

cylinders on each of three plates with the median test di-

lution of the standard (S3), and fill the remaining nine cyl-

inders with the corresponding test dilution (U3) of the

sample.

TURBIDIMETRIC METHOD

Temperature control: Use appropriately qualified

and calibrated equipment to obtain the temperature

ranges specified in Table 8. [NOTE—Temperature control

can be achieved using either circulating air or water. The

greater heat capacity of water lends it some advantage

over circulating air.]

Spectrophotometer: Measuring absorbance or

transmittance within a fairly narrow frequency band re-

quires a suitable spectrophotometer in which the wave-

length can be varied or restricted by use of 580-nm or

530-nm filters. Alternatively, a variable-wavelength spec-

trophotometer can be used and set to a wavelength of

580 nm or 530 nm.

The instrument may be modified as follows:

1. To accept the tube in which incubation takes place

(see Apparatus below)

2. To accept a modified cell fitted with a drain that fa-

cilitates rapid change of contents

3. To contain a flow cell for a continuous flowthrough

analysis

Autozero the instrument with clear, uninoculated

broth prepared as specified for the particular antibiotic,

including the same amount of test dilution (including

formaldehyde if specified) as found in each sample.

Either absorbance or transmittance can be measured

while preparing inocula.

Apparatus: Glass or plastic test tubes, e.g., 166125

mm or 186 150 mm. [NOTE—Use tubes that are rela-

tively uniform in length, diameter, and thickness and

substantially free from surface blemishes and scratches.

In the spectrophotometer, use matched tubes that are

free from scratches or blemishes. Clean tubes thoroughly

to remove all antibiotic residues and traces of cleaning

solution. Sterilize tubes before use.]
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Standard solutions: To prepare a stock solution, dis-

solve a quantity of the USP Reference Standard of a given

antibiotic or the entire contents of a vial of USP Reference

Standard, where appropriate, in the solvent specified in

Table 7, and dilute to the required concentration. Store at

28–88, and use within the period indicated. On the day of

the assay, prepare from the stock solution five or more

test dilutions, the successive solutions increasing step-

wise in concentration, usually in the ratio of 1 : 1.25.

[NOTE—It may be necessary to use smaller ratios for the

successive dilutions from the stock solution for the turbi-

dimetric assay.] Use the final diluent specified such that

the median level of the standard (S3) has the concentra-

tion suggested in Table 7.

Sample solutions: Assign an assumed potency per

unit weight or volume to the unknown, and on the day

of the assay prepare a stock solution in the same manner

specified for the USP Reference Standard (Table 7). Dilute

the sample stock solution in the specified final diluent at a

nominal concentration equal to the median concentra-

tion of the standard (S3) as specified in Table 7.

Table 7

Antibiotic

Stock Solution Test Dilution

Initial

Solvent

Initial

Concen-

tration

Fur-

ther

Dilu-

ent

Final Stock

Concentra-

tion

Use

Within

Final

Dilu-

ent

Median

Concen-

tration

(S3)

Capreomycin water — — 1 mg/mL 7 days water 100 mg/

mL

Chlorampheni-

col

alcohol 10 mg/

mL

water 1 mg/mL 30 days water 2.5 mg/mL

Chlortetracyc-

line

0.01 N hydro-

chloric acid

— — 1 mg/mL 4 days water 0.06 mg/

mL

Dihydro

streptomycinb

water — — 1 mg/mL 30 days water 30 mg/mL

Gramicidin alcohol — — 1 mg/mL 30 days alcohol 0.04 mg/

mL

Neomycinb,d B.3c — — 100 mg/mL 14 days B.3c 1.0 mg/mL

Oxytetracycline 0.1 N hydro-

chloric acid

— — 1 mg/mL 4 days water 0.24 mg/

mL

Tetracycline 0.1 N hydro-

chloric acid

— — 1 mg/mL 1 day water 0.24 mg/

mL

Thiostrepton dimethyl sulfox-

ide

— — 1 U/mL same

day

dimeth-

yl

sulfox-

ide

0.80 U/

mL
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Table 7 (Continued)

Antibiotic

Stock Solution Test Dilution

Initial

Solvent

Initial

Concen-

tration

Fur-

ther

Dilu-

ent

Final Stock

Concentra-

tion

Use

Within

Final

Dilu-

ent

Median

Concen-

tration

(S3)

Troleandomy-

cin

isopropyl

alcohol and

water (4 : 1)

— — 1 mg/mL same

day

water 25 mg/mL

Tylosin methanol 10 mg/

mL

B.16c 1 mg/mL 30 days metha-

nol

and

B.3c

(1 : 1)

4 mg/mL

a mg in this column refers to mg of activity.
b The cylinder-plate assay can be used as an alternative procedure.
c The letter B refers to buffer. See Media and Solutions, Buffers for a description of each buffer listed in this table.
d Dilute the 100 mg/mL stock solution with Buffer B.3 to obtain a solution having a concentration equivalent to 25 mg/
mL of neomycin.To separate 50-mL volumetric flasks add 1.39, 1.67, 2.00, 2.40, and 2.88 mL of this solution. Add 5.0
mL of 0.01 N hydrochloric acid to each flask, dilute with Buffer B.3 to volume, and mix to obtain solutions having
concentrations of 0.69, 0.83, 1.0, 1.2, and 1.44 mg/mL of neomycin. Use these solutions to prepare the standard re-
sponse line.

Inocula: Suspend the test organism from a freshly

grown slant or culture in 3 mL of sterile saline TS. Glass

beads can be used to facilitate the suspension. Enterococ-

cus hirae (ATCC 10541) and Staphylococcus aureus (ATCC

9144) are grown in a liquid medium, not on agar. Spread

the saline suspension onto the surface of two or more

agar plates (covering the entire surface) or onto the sur-

face of a Roux bottle containing 250 mL of the specified

medium (see Table 8). Incubate at the time and temper-

ature specified in Table 8, or until growth is apparent.

After incubation, harvest the organism from the plates

or Roux bottle with approximately 50 mL of sterile saline

TS, using a sterile bent glass rod or sterile glass beads. Pi-

pet the suspension into a sterile glass bottle. This is the

harvest suspension.

Determine during method verification the quantity of

harvest suspension that will be used as the inoculum,

starting with the volume suggested in Table 8. Prepare

also an extra S3 as a test of growth. Incubate the trial tests

for the times indicated in Table 11. Adjust the quantity of

inoculum daily, if necessary, to obtain the optimum con-

centration–response relationship from the amount of

growth of the test organism in the assay tubes. At the

completion of the specified incubation periods, tubes

containing the median concentration of the standard

should have absorbance values as specified in Table 9.

Determine the exact duration of incubation by observing

the growth in the reference concentration (median con-

centration) of the standard (S3).

Pharmacopeial Forum
1250 IN-PROCESS REVISION Vol. 36(5) [Sept.–Oct. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



Table 8

Antibiotic

Test

Organism

ATCCa

N u m -

ber

Incubation Conditions

Suggested

Inoculum Composition

Med-

iumb

Temper-

ature

(8) Time

Med-

iumb

Amount

(mL/100 mL)

Capreomycin Klebsiella pneu-

moniae

10031 1 36–37.5 16–24 h 3 0.05

Chlorampheni-

col

Escherichia coli 10536 1 32–35 24 h 3 0.7

Chlortetracyc-

line

Staphylococcus

aureus

29737 1 32–35 24 h 3 0.1

Dihydrostrep-

tomycind

Klebsiella pneu-

moniae

10031 1 36–37.5 16–24 h 3 0.1

Gramicidin Enterococcus hir-

ae

10541 3 36–37.5 16–18 h 3 1.0

Neomycin Klebsiella pneu-

moniae

10031 1 36–37.5 16–24 h 39 2

Oxytetracycline Staphylococcus

aureus

29737 1 32–35 24 h 3 0.1

Tetracycline Staphylococcus

aureus

29737 1 32–35 24 h 3 0.1

Thiostrepton Enterococcus hir-

ae

10541 40 36–37.5 18–24 h 41 0.2

Troleandomy-

cin

Klebsiella pneu-

moniae

10031 1 36–37.5 16–24 h 3 0.1

Tylosin Staphylococcus

aureus

9144 3 35–39 16–18 h 39 2–3

a American Type Culture Collection, 10801 University Boulevard, Manassas VA 20110-2209 (http://www.atcc.org)
b See Media and Solutions, Media.
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Table 9

Antibiotic

Absorbance,

NLT (a.u.)

Capreomycin 0.4

Chlortetracycline 0.35

Gramicidin 0.35

Tetracycline 0.35

All others 0.3

Analysis: On the day of the assay, prepare the neces-

sary concentration of antibiotic by dilution of stock solu-

tions of the standard and of each sample as specified

under Standard solutions and Sample solutions. Prepare

five test levels, each in triplicate, of the standard (S1–S5)

and a single test level (U3), also in triplicate, of up to 20

samples corresponding to S3 (median concentration) of

the standard.

Table 10

Antibiotic

Volume of Test

Dilution

(mL)

Volume of

Inoculum

(mL)

Gramicidin 0.10 9.0

Thiostrepton 0.10 10.0

Tylosin 0.10 9.0

All others 1.0 9.0

Place the tubes in test tube racks or other carriers. In-

clude in each rack 1–2 control tubes containing 1 mL of

the inoculum medium (see Table 8) but no antibiotic.

Add the volumes of the standard and sample test dilu-

tions as indicated in Table 10. Randomly distribute one

complete set, including the controls, in a tube rack.

Add the volume of inoculum specified in Table 10 to each

tube in the rack in turn, and place the completed rack

immediately in an incubator or a water bath maintained

at the temperature specified in Table 8 and for the time

specified in Table 11.

Table 11

Antibiotic

Incubation Time

(h)

Capreomycin 3–4

Chloramphenicol 3–4

Cycloserine 3–4

Dihydrostreptomycin 3–4

Streptomycin 3–4

Troleandomycin 3–4

Tylosin 3–5

All others 4–5

After incubation, immediately inhibit the growth of the

organism by adding 0.5 mL of dilute formaldehyde to

each tube, except for tylosin. For tylosin, heat the rack

in a water bath at 808–908 for 2–6 min or in a steam bath

for 5–10 min, and bring to room temperature. Read ab-

sorbance or transmittance at 530 or 580 nm, analyzing

one rack at a time.

MEDIA AND SOLUTIONS

The media required for the preparation of test organ-

ism inocula are made from the ingredients listed herein.

Minor modifications of the individual ingredients are ac-

ceptable; and reconstituted dehydrated media can be

substituted, provided that the resulting media possess

equal or better growth-promoting properties and give

a similar standard curve response.
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Media: Dissolve the ingredients in water to make 1 L,

and adjust the solutions with either 1 N sodium hydrox-

ide or 1 N hydrochloric acid as required, so that after

steam sterilization the pH is as specified.

Medium 1

Peptone 6.0 g

Pancreatic digest of casein 4.0 g

Yeast extract 3.0 g

Beef extract 1.5 g

Dextrose 1.0 g

Agar 15.0 g

Water 1000 mL

pH after Sterilization 6.6 + 0.1

Medium 2

Peptone 6.0 g

Yeast extract 3.0 g

Beef extract 1.5 g

Agar 15.0 g

Water 1000 mL

pH after Sterilization 6.6 + 0.1

Medium 3

Peptone 5.0 g

Yeast extract 1.5 g

Beef extract 1.5 g

Sodium chloride 3.5 g

Dextrose 1.0 g

Dibasic potassium phosphate 3.68 g

Monobasic potassium phosphate 1.32 g

Medium 3 (Continued)

Water 1000 mL

pH after Sterilization 7.0 + 0.05

Medium 4

Peptone 6.0 g

Yeast extract 3.0 g

Beef extract 1.5 g

Dextrose 1.0 g

Agar 15.0 g

Water 1000 mL

pH after Sterilization 6.6 + 0.1

Medium 5

Peptone 6.0 g

Yeast extract 3.0 g

Beef extract 1.5 g

Agar 15.0 g

Water 1000 mL

pH after Sterilization 7.9 + 0.1

Medium 8

Peptone 6.0 g

Yeast extract 3.0 g

Beef extract 1.5 g

Agar 15.0 g

Water 1000 mL

pH after Sterilization 5.9 + 0.1
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Medium 9

Pancreatic digest of casein 17.0 g

Papaic digest of soybean 3.0 g

Sodium chloride 5.0 g

Dibasic potassium phosphate 2.5 g

Dextrose 2.5 g

Agar 20.0 g

Water 1000 mL

pH after Sterilization 7.2 + 0.1

Medium 10

Pancreatic digest of casein 17.0 g

Papaic digest of soybean 3.0 g

Sodium chloride 5.0 g

Dibasic potassium phosphate 2.5 g

Dextrose 2.5 g

Agar 12.0 g

Water 1000 mL

Polysorbate 80 (added after boiling the

medium to dissolve the agar)

10 mL

pH after Sterilization 7.2 + 0.1

Medium 11

Peptone 6.0 g

Pancreatic digest of casein 4.0 g

Yeast extract 3.0 g

Beef extract 1.5 g

Dextrose 1.0 g

Agar 15.0 g

Water 1000 mL

pH after Sterilization 8.3 + 0.1

Medium 13

Peptone 10.0 g

Dextrose 20.0 g

Water 1000 mL

pH after Sterilization 5.6 + 0.1

Medium 19

Peptone 9.4 g

Yeast extract 4.7 g

Beef extract 2.4 g

Sodium chloride 10.0 g

Dextrose 10.0 g

Agar 23.5 g

Water 1000 mL

pH after Sterilization 6.1 + 0.1

Medium 32

Peptone 6.0 g

Pancreatic digest of casein 4.0 g

Yeast extract 3.0 g

Beef extract 1.5 g

Manganese sulfate 0.3 g

Dextrose 1.0 g

Agar 15.0 g

Water 1000 mL

pH after Sterilization 6.6 + 0.1
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Medium 34

Glycerol 10.0 g

Peptone 10.0 g

Beef extract 10.0 g

Sodium chloride 3.0 g

Water 1000 mL

pH after Sterilization 7.0 + 0.1

Medium 35

Glycerol 10.0 g

Peptone 10.0 g

Beef extract 10.0 g

Sodium chloride 3.0 g

Agar 17.0 g

Water 1000 mL

pH after Sterilization 7.0 + 0.1

Medium 36

Pancreatic digest of casein 15.0 g

Papaic digest of soybean 5.0 g

Sodium chloride 5.0 g

Agar 15.0 g

Water 1000 mL

pH after Sterilization 7.3 + 0.1

Medium 39

Peptone 5.0 g

Yeast extract 1.5 g

Medium 39 (Continued)

Beef extract 1.5 g

Sodium chloride 3.5 g

Dextrose 1.0 g

Dibasic potassium phosphate 3.68 g

Monobasic potassium phosphate 1.32 g

Water 1000 mL

pH after Sterilization 7.9 + 0.1

Medium 40

Yeast extract 20.0 g

Polypeptone 5.0 g

Dextrose 10.0 g

Monobasic potassium phosphate 2.0 g

Polysorbate 80 0.1 g

Agar 10.0 g

Water 1000 mL

pH after Sterilization 6.7 + 0.2

Medium 41

Pancreatic digest of casein 9.0 g

Dextrose 20.0 g

Yeast extract 5.0 g

Sodium citrate 10.0 g

Monobasic potassium phosphate 1.0 g

Dibasic potassium phosphate 1.0 g

Water 1000 mL

pH after Sterilization 6.8 + 0.1
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Solutions

Buffers: Prepare as in Table 12, or by other suitable

means. The buffers are sterilized after preparation; the

pH specified in each case is the pH after sterilization.

Other solutions: See Reagents, Indicators, and Solu-

tions.

Water: Use Purified Water.

Saline: Use saline TS.

Dilute formaldehyde: Formaldehyde solution and

water (1 : 3)

Table 12. Buffers

Buffer

Concentration of

Dibasic Potassi-

um

Phosphate

(g/L)

Concentration of

Monobasic

Potassium

Phosphate

(g/L)

Volume of 10 N

Potassium

Hydroxide

(mL)

pH After

Sterilizationa

Buffer B.1 (1%, pH 6.0) 2 8 — 6.0 + 0.05

Buffer B.3 (0.1 M, pH

8.0)

16.73 0.523 — 8.0 + 0.1

Buffer B.4 (0.1 M, pH

4.5)

13.61 — — 4.5 + 0.05

Buffer B.6 (10%, pH 6.0) 20 80 — 6.0 + 0.05

Buffer B.10 (0.2 M, pH

10.5)

35 — 2 10.5 + 0.1

Buffer B.16 (0.1 M, pH

7.0)

13.6 4 — 7.0 + 0.2

a Adjust the pH with 18 N phosphoric acid or 10 N potassium hydroxide.

CALCULATIONS

Introduction: Antibiotic potency is calculated by in-

terpolation from a standard curve using a log-trans-

formed straight-line method with a least-squares fitting

procedure (see below for calculation details). The analyst

must consider three essential concepts in interpreting an-

tibiotic potency results:

1. Biological concentration–response relationships

generally are not linear. The antibiotic potency meth-

od allows fitting the data to a straight line by evalu-

ating a narrow concentration range where the

results approach linearity. The assay results can be

considered valid only if the computed potency is

80%–125% of that assumed in preparing the sample

stock solution. When the calculated potency value

falls outside 80%–125%, the result for the sample

may fall outside the narrow concentration range

where linearity has been established. In such a case,

adjust the assumed potency of the sample accord-

ingly, and repeat the assay to obtain a valid result.

2. The most effective means of reducing the variability

of the reportable value (the geometric mean potency

across runs and replicates) is through independent

runs of the assay procedure. The combined result

of a series of smaller, independent assays spread over
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a number of days is a more reliable estimate of po-

tency than that from a single large assay with the

same total number of plates or tubes. Three or more

independent assays are required for antibiotic poten-

cy determinations.

3. The number of assays needed in order to obtain a re-

liable estimate of antibiotic potency depends on the

required specification range and the assay variability.

The confidence limit calculation described below is

determined from several estimated log potencies

that are approximately equal in precision. If the value

calculated for the width of the confidence interval,

W, is too wide, no useful decision can be made about

whether the potency meets its specification.

The laboratory should predetermine in its standard op-

erating procedures a maximum acceptable value for the

confidence interval width. This maximum value should

be determined during development and confirmed dur-

ing validation or verification. If the calculated confidence

interval width exceeds this limit, the analyst must per-

form additional independent potency determinations

to meet the limit requirement. Note that the decision

to perform additional determinations does not depend

on the estimated potency but only on the uncertainty

in that estimate as determined by the confidence interval

width. Assay variability has a greater impact on the calcu-

lated confidence limit than does the number of indepen-

dent potency determinations. As a result, the analyst

should first consider decreasing variability to the extent

possible before conducting potency determinations.

The following sections describe the calculations for de-

termining antibiotic potency as well as for performing

the confidence limit calculation. Methods for calculating

standard error are also shown in order to allow estimates

of assay variance. Where logarithms are used, any base

log is acceptable. Appendix 1 provides formulas for hand

calculations applicable when the concentrations are

equally spaced in the log scale. Alternative statistical

methods may be used if appropriately validated.

Cylinder-plate assay: This section details analysis of

the sample data and determination of the potency of

an unknown, using the cylinder-plate assay.

Sample data: Table 13 shows the data from one as-

say that will be used as an example throughout this sec-

tion. For each of the 12 plates, zones 1, 3, and 5 are the

reference concentration and the other three zones are for

one of the other four concentrations, as shown. Other

columns are needed for calculations and are explained

below.

Step 1: Perform initial calculations and variability

suitability check.

For each set of three plates, average the nine reference

values and average the nine standard values.

Example (see Table 13)

15.867 = X(16.1, 15.6, . . ., 15.8)

14.167 = X(14.6, 14.1, . . ., 14.8)

For each set of three plates determine the standard devi-

ation of the nine reference values and the standard devi-

ation of the nine standard values. For each standard

deviation, determine the corresponding relative stan-

dard deviation.

Example (see Table 13)

0.200 = s(16.1, . . ., 15.8)

1.3% = (0.200/15.867) 6 100
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0.324 = s(14.6, . . ., 14.1)

2.3% = (0.324/14.167) 6 100

For a variability suitability criterion, each laboratory

should determine a maximum acceptable value for the

relative standard deviation. If any of the eight relative

standard deviations (four for the reference and four for

the standard) exceed this predetermined maximum,

the assay data are not suitable and should be discarded.

[NOTE—The suggested limit for relative standard devia-

tion is NMT 10%.]

Step 2: Perform a plate-to-plate variation correction.

This correction is applied to convert the average zone

measurement obtained for each concentration to the

value it would be if the average reference concentration

measurement for that set of three replicate plates were

the same as the value of the correction point:

XC = XS – (XR – P)

XC = corrected standard mean

XS = original standard mean

XR = reference mean

P = correction point

Example: For the first set of three plates in Table 13

(S1), the correction is:

14.022 = 14.167 – (15.867 – 15.722) = 14.167 – 0.145

Step 3: Determine the standard curve line.

Generate the standard curve line by plotting the cor-

rected zone measurements versus the log of the standard

concentration values. Calculate the equation of the stan-

dard curve line by performing a standard unweighted

linear regression on these values, using appropriate soft-

ware or the manual calculations of Appendix 1. [NOTE—

Use either the natural log or the base 10 log to plot the

standard curve and determine the regression equation;

both provide the same final test result.] Each laboratory

should determine a minimum value of the coefficient of

determination (%R2) for an acceptable regression. The

regression is acceptable only if the obtained %R2 exceeds

this predetermined value. [NOTE—The suggested limit

for the percentage coefficient of determination is NLT

95%.]
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Example: Table 14 summarizes the portion of Table

13 needed for this part of the calculation.

Table 14

Standard Set

Corrected

zone

Measurements

(mm)

Concentra-

tion

(U/mL)

S1 14.022 3.2

S2 14.989 4.0

Reference (S3) 15.722 5

S4 16.511 6.25

S5 17.222 7.8125

Linear regression results

Standard curve line:

Z = [3.551 6 ln(C)] + 9.978

Z = corrected zone measurement

C = concentration

%R2 = 99.7

Sample potency determination: To estimate the

potency of the unknown sample, average the zone mea-

surements of the standard and the zone measurements

of the sample on the three plates used. Correct for

plate-to-plate variation using the correction point deter-

mined above to obtain a corrected average for the un-

known, U. [NOTE—An acceptable alternative to using

the correction point is to correct using the value on the

estimated regression line corresponding to the log con-

centration of S3.] Use the corrected average zone mea-

surement in the equation of the standard curve line to

determine the log concentration of the sample, LU, by:

LU = (U – a)/b

a = intercept of the regression line

b = slope of the regression line

To obtain the potency of the unknown, take the anti-

log of LU and multiply the result by any applicable dilution

factor. This value can also be expressed as a percentage

of the reference concentration value.

Example: Corrected sample zone measurement (Ta-

ble 13) = 15.522

Natural log of sample concentration:

LU = (15.522 – 9.978) / 3.553 = 1.561

Sample concentration:

CU = e1.561 = 4.765

Percentage of reference concentration:

Result = (4.765/5.000) 6 100 = 95.3%

Turbidimetric assay: This section details analysis of

the sample data and determination of the potency of

an unknown using the turbidimetric assay. The method

assumes that the tubes are randomly distributed within

the heat block or other temperature control device. If

the device has a temperature profile that is not uniform,

a randomized blocks design is preferred. In such a de-

sign, the rack is divided into areas (blocks) of relatively

uniform temperature and at least one tube of each stan-

dard concentration and of each unknown is placed in

each area. The data analysis of a randomized block de-

sign is different from the following.

Sample data: Table 15 shows the data from one as-

say that will be used for an example throughout this sec-

tion. Other columns are needed for calculations and are

explained below.
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Step 1: Perform initial calculations and variability

suitability check.

For each concentration (including the sample), aver-

age the three absorbance values.

Example: See S1 in Table 15.

0.8487 = X(0.8545, 0.8422, 0.8495)

Table 15: Sample Data (Turbidimetric Assay)

Standard

Concentration

(mg/mL) Replicate

Absorbance

(a.u.)

Average

(a.u.)

Standard

Deviation

S1 64 1 0.8545 0.8487 0.0062

2 0.8422

3 0.8495

S2 80 1 0.8142 0.8269 0.0125

2 0.8273

3 0.8392

S3 100 1 0.6284 0.6931 0.0640

2 0.6947

3 0.7563

S4 125 1 0.6933 0.6827 0.0119

2 0.6850

3 0.6699

S5 156 1 0.5299 0.5465 0.0272

2 0.5779

3 0.5316

U3 unknown 1 15.7 0.7430 0.0460

2 15.9

3 15.5

For each concentration, determine the standard deviation of the three readings and a combined standard deviation for

all the concentrations.
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Example: See S1 in Table 15.

0.0125 = SD(0.8545, 0.8422, 0.8495)

The combined value is calculated by taking the square

root of the average of the five variances:

0.0325 = {[(0.0062)2 + (0.0125)2 + (0.0640)2 + (0.0119)2

+ (0.0272)2]/5}1/2

For a variability suitability criterion, each laboratory

should determine a maximum acceptable combined

standard deviation. If the combined standard deviation

exceeds this predetermined maximum, the assay data

are not suitable and should be discarded. [NOTE—The

suggested limit for the combined standard deviation is

NMT 10% of the average absorbance value across the

five concentrations.] If the number of replicates per con-

centration is at least five, then a relative standard devia-

tion can be computed for each concentration after

checking for outliers and compared to a maximum ac-

ceptable relative standard deviation. [NOTE—The sug-

gested limit for the relative standard deviation is NMT

10%.]

Step 2: Determine the standard curve line.

Generate the standard curve line by plotting the aver-

age absorbance values versus the log of the standard

concentration values. Calculate the equation of the stan-

dard curve line by performing an unweighted linear re-

gression on these values using appropriate software or

the manual calculations of Appendix 1. [NOTE—Use either

the natural log or the base 10 log to plot the standard

curve and determine the regression equation; both pro-

vide the same final test result.] Each laboratory should

determine a minimum value of the percentage coeffi-

cient of determination (%R2) for an acceptable regres-

sion. The regression is acceptable only if the %R2 value

obtained exceeds this predetermined value. [NOTE—

The suggested limit for the percentage coefficient of de-

termination is NLT 90%.]

Example: Table 16 summarizes the portion of Table

15 needed for this part of the calculation.

Table 16

Set of Stan-

dards

Average

Absorbance

Values

(a.u.)

Concentration

(mg/mL)

S1 0.8487 64

S2 0.8269 80

S3 0.6931 100

S4 0.6827 125

S5 0.5465 156

Linear regression results

Standard curve line:

Absorbance = 2.2665 – [0.7735 6 log10(concentration)]

%R2 = 93.0%

Sample potency determination: To estimate the

potency of the unknown sample, average the three ab-

sorbance measurements to obtain an average for the un-

known, U. Use this average measurement in the equation

of the standard curve line to determine the log concen-

tration of the unknown sample, LU, by:

LU = (U – a)/b

a = intercept of the regression line

b = slope of the regression line
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To obtain the potency of the unknown, take the anti-

log of LU and multiply the result by any applicable dilution

factor. This value can also be expressed as a percentage

of the reference concentration value.

Example: Average sample absorbance Table 15 =

0.7430.

log10(CU) = (0.7430 – 2.2665)/(– 0.7735) = 1.9696

CU = 101.9696 = 93.2

Percentage of reference concentration = (93.2/100.0) 6

100 = 93.2%

CU = concentration of sample

Confidence limits and combination of assays

calculations: Because of interassay variability, three

or more independent determinations are required for a

reliable estimate of the sample potency. For each inde-

pendent determination, start with separately prepared

stock solutions and test dilutions of both the standard

and the sample, and repeat the assay of a given sample

on a different day.

Given a set of at least three determinations of the un-

known potency, use the method of Appendix 2 to check

for any outlier values. This determination should be done

in the log scale.

To obtain a combined estimate of the unknown poten-

cy, calculate the average, M, and the standard deviation

of the accepted log potencies. [NOTE—Use either the nat-

ural log or the base 10 log.] Determine the confidence

interval for the potency as follows:

antilog[M – t(0.05, N – 1) 6 SD/
p

N], antilog[M + t(0.5,

N – 1) 6 SD/
p

N]

M = average

SD = standard deviation

N = number of assays

t(0.5, N–1) = the two-sided 5% point of a Student’s

t-distribution with N–1 degrees of freedom

NOTE—The t value is available in spreadsheets, statis-

tics texts, and statistics software.

W = antilog{M – [t(0.05, N – 1) 6 SD/
p

N]}

W = half-width of the confidence interval

Compare the half-width of the confidence interval to a

predetermined maximum acceptable value. If the half-

width is larger than the acceptance limit, continue with

additional assays.

Example: Suppose the sample is assayed four times,

with potency results in the natural log scale of 1.561,

1.444, 1.517, and 1.535. Then:

N = 4

M = X(1.561, 1.444, 1.517, 1.535) = 1.514

SD = s(1.561, 1.444, 1.517, 1.535) = 0.050

t = 3.182
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The confidence interval in the log scale is

1.514 + (3.18260.050/
p

4) = (1.434, 1.594)

Taking antilogs, the estimated potency is

e1.514 = 4.546

with a 95% confidence interval for the potency of e1.434,

e1.594 = (4.197, 4.924).

The confidence interval half-width to compare to an

acceptance value is the ratio 4.924/4.546 = 1.083.

APPENDIX 1. FORMULAS FOR MANUAL

CALCULATIONS OF REGRESSION AND SAMPLE

CONCENTRATION

If the concentrations are equally spaced in the logarith-

mic scale, the calculations can be performed using the

following formula. Let:

Sk = mean corrected zone measurement (cylinder-

plate assay) or average absorbance value (turbidi-

metric assay) for standard set k

k = S1, S2, S3, S4, S5

S = mean of the five Sk values

Lk = logarithm of the kth concentration. [NOTE—Use

either the natural log or the base 10 log. Slope of the

regression line is calculated by:]

b = (Yhigh – Ylow) / (Xhigh – Xlow)

Yhigh = 1
5(3S5 + 2S4 + S3 – S1)

Ylow = 1
5(3S1 + 2S2 + S3 – S5)

Xhigh = L5

Xlow = L1

Combine and simplify to:

b = (4S5 + 2S4 – 2S2 – 4S1) / [5(L5 – L1)]

The log of the concentration of the sample is found us-

ing:

LU = Lreference + [(U – S)/b]

For example, using the data for the cylinder-plate assay

in Table 13 and natural logarithms:

b = [(4617.222) + (2616.511) – (2614.989) –

(4614.020)] / {5[ln(7.81)] – ln(3.2)} = 3.553

S = (14.020 + 14.989 + 15.722 + 16.511 + 17.222)/5 =

15.693

Natural log of sample concentration = ln(5) + [(15.522 –

15.693)/3.553] = 1.561

Sample concentration = e1.561 = 4.765

APPENDIX 2. PROCEDURE FOR CHECKING FOR

OUTLIERS; REJECTION OF OUTLYING OR ABERRANT

MEASUREMENTS

A measurement that is clearly questionable because of

a failure in the assay procedure should be rejected,

whether it is discovered during the measuring or tabula-

tion procedure. The arbitrary rejection or retention of an

apparently aberrant measurement can be a serious
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source of bias. In general, the rejection of measurements

solely on the basis of their relative magnitudes is a proce-

dure that should be used sparingly.

Each suspected potency measurement, or outlier, may

be tested against the following criterion. This criterion is

based on the variation within a single group of suppos-

edly equivalent measurements from a normal distribu-

tion. On average, it will reject a valid observation once

in 25 trials or once in 50 trials. Designate the measure-

ments in order of magnitude from y1 to yN, where y1 is

the candidate outlier, and N is the number of measure-

ments in the group. Compute the relative gap by using

the table Test for Outlier Measurements and the formulas

below:

G1 = (y2 – y1) / (yN – y1)

When N = 3 to 7:

G2 = (y2 – y1) / (yN – 1 – y1)

When N = 8 to 10:

G3 = (y3 – y1) / (yN –1 – y1)

When N = 11 to 13:

If G1, G2, or G3, as appropriate, exceeds the critical val-

ue in the table Test for Outlier Measurements for the ob-

served N, there is a statistical basis for omitting the

outlier measurement(s).

Example: Estimated potencies of sample in log scale

= 1.561, 1.444, 1.517, 1.535.

Check lowest potency for outlier:

G1 = (1.517 – 1.444)/(1.561 – 1.444) = 0.62450.889

Therefore 1.444 is not an outlier.

Check highest potency for outlier:

G1 = (1.561 – 1.535)/(1.561 – 1.444) = 0.22250.889

Therefore 1.561 is not an outlier.

Outlier potencies should be marked as outlier values

and excluded from the assay calculations. NMT one po-

tency can be excluded as an outlier.

Test for Outlier Measurements

In samples from a normal population, gaps equal to or larger than the following values of G1, G2, and G3 occur with a

probability P = 0.01, when outlier measurements can occur only at one end; or with P = 0.02, when they may occur

at either end.

N 3 4 5 6 7

G1 0.987 0.889 0.781 0.698 0.637

N 8 9 10

G2 0.681 0.634 0.597

N 11 12 13

G3 0.674 0.643 0.617

&2S (USP34)
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GENERAL CHAPTERS

General Information

BRIEFING

h1027i Flow Cytometry. This proposed general informa-
tion chapter provides tools for the characterization of cell and
gene therapy products. The chapter will be very useful for the
pharmaceutical and biotechnology industries given the increas-
ing number of cell therapy products for which Flow Cytometry
has been shown to be a powerful release test. The chapter will
address the practical aspects of characterization and phenotyp-
ing of some of the cell products, the focus will be on well char-
acterized products, with mention of some tissue products
which use advanced procedures for production and analysis.

(BB CGT: F. Atouf) RTS—C49120

Add the following:

&h1027i FLOW CYTOMETRY

INTRODUCTION

Flow cytometry is an analytical method that plays a

critical role in the quantitative and qualitative assessment

of cell populations in patient and cellular product sam-

ples. The power of flow cytometry lies in its ability to rap-

idly and reliably analyze multiple attributes of individual

cells within heterogeneous cell populations. Despite the

value of flow cytometry data, method validation is chal-

lenging—perhaps more so than for other analytical

methods—because of errors and artifacts from multiple

sources.

Although flow cytometric methods can also be used to

sort and isolate cells as part of the manufacturing process

for cell and tissue-based biological products, the scope of

this chapter is limited to the use of flow cytometry as an

analytical method. This chapter presents the technical as-

pects of the method, including instrumentation, sample

handling and staining, and data analysis. Sources of error

are discussed in the context of technical features as well

as in the discussion of quality control, quality assurance,

and standardization. Finally, current applications and as-

say troubleshooting principles are presented. For addi-

tional information on the basics and practical aspects

of Flow Cytometry, the user is referred to the current edi-

tion of Practical Flow Cytometry (see References).

Flow cytometry is widely used to characterize cell and

tissue-based products, but most assay methods are not

yet standardized. In addition to issues related to technical

complexity, there are also challenges to standardization

of flow cytometric methods for specific product classes or

types relate to the heterogeneous nature of these prod-

ucts, even among those with similar manufacturing pro-

cesses and clinical uses. Current and future innovations in

instrumentation, analytic reagents, analytic algorithms,

and automation are likely to improve the technology’s

capabilities but are unlikely to eliminate challenges

(e.g., bioassay, identification tests, and other applica-

tions).

PRINCIPLES OF OPERATION, METHODS, QUALITY,

AND STANDARDIZATION

The process of flow cytometry requires that cells move

past a fixed light source consisting of one or more lasers

so that individual cells can be observed or interrogated

for characteristics such as size, granularity, and presence

of surface membrane or intracellular antigens or mole-

cules. The cells are suspended in fluid whose movement

is controlled by the size and configuration of tubing,

chambers, and pumps specific to the flow cytometry in-

strument. The pattern of light signals produced from the

laser light’s interaction with the cells is captured by a de-

tection system, also specific to the instrument, and the

detected signals are transformed into data elements that

can be analyzed and combined with data from other cells
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in a given sample. Data from a cell suspension can then

be expressed and presented in one-, two-, or three-di-

mensional visual formats, or in numerical formats, to

characterize the cellular sample and its subpopulations

both qualitatively and quantitatively.

Flow Cytometry Instrumentation

Flow cytometers incorporate fluidic, optical, and elec-

tronic signal processing elements and are described be-

low.

FLUIDICS

The fluidics system moves a bulk mixture of cells so that

a stream of single cells is formed. Within the flow cyt-

ometer, the single-cell suspension passes through a con-

fined region where each cell is sequentially illuminated

by a uniform light source at the observation point (inter-

rogation point). Most instruments use a flow chamber

(flow cell) that, after the cell sample is drawn into the

sample injection tip, combines the cells with isotonic

sheath fluid using a conical nozzle assembly that is geo-

metrically designed to produce a laminar flow of fluid

(Figure 1). The fluid outlet nozzle typically has an orifice

of 50–250 mm in diameter through which fluid exits at a

high flow rate. Differential pressures between the sample

stream of cells (lower pressure) and the sheath stream

(higher pressure) draw the cells/particles out into a con-

fined stream. The resulting coaxial stream within a

stream is highly efficient, and the sample stream at the

observation point is typically only slightly larger than

the cells or particles contained within. At least one man-

ufacturer uses an alternative approach in which the coax-

ia l s t ream st ra tegy i s rep laced by the use o f

microcapillaries to focus and direct the cells. The light

signal deflected or emitted by the cell is then measured

and analyzed.

Figure 1. Schematic diagram of a flow cell.

OPTICS

When cells are stained with fluorescent dyes or with flu-

orescent-labeled antibody reagents, light emitted from

the laser interacts with the fluorescent dye to produce

a stimulated emission that has coherent (parallel) waves

of light of uniform wavelength, phase, and polarization.

Fluorescent light signals generated from the interaction

of the laser light with the cells are collected by an array

of detectors oriented in direct line with, and at 908 to, the

incoming laser beam. The most common commercially

available flow cytometer lasers (with corresponding

wavelengths) are Blue Argon laser (488 nm), Red Diode

laser (635 nm), and Violet laser (405 nm).

ELECTRONIC SIGNAL PROCESSING AND DATA OUTPUT

When a cell passes through the optical system of a flow

cytometer, the light scattering patterns or fluorescence

from any fluorochrome on, or in, the cell are detected

by various types of photodetectors or photomultiplier

tubes (PMT) that transform the information about the

characteristics of the cell into a computerized readout.

Each analyzed cell generates an event in each parameter

(forward scatter, side scatter, fluorescence) for which it is

Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1267

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



measured. Figure 2 shows an example of a typical two-

color flow cytometer configuration. Different cell types

have distinctive sets of signals in the various parameters.

For example, when the cell passes through a beam of

light, the light deflected in the forward direction (usually

about 208 from the forward direction of the laser) is

called forward scatter and is collected by a detector

known as the Forward Scatter Channel (FSC). The

amount of deflection in the FSC is proportional to cell

size. Light deflected at a 908 angle is known as side scat-

ter and is collected by the Side Scatter Channel (SSC).

This provides a measure of the cell’s structural complexity

caused by granules, membrane roughness, or nucleus, all

of which are associated with higher SSC. The light de-

flected by other PMTs using a specific band-pass filter is

collected by specific fluorescence channels (FL1 and FL2

in Figure 2). The electrical pulses, originating from light

detected by the PMTs, are processed by a series of linear

and log amplifiers. Logarithmic amplification is often

used to measure fluorescence in cells. Figures 3–7 show

histograms for cells stained with antibodies conjugated

with specific flurochromes (see Table). The antibodies

are specific to some of the cluster of differentiation

(CD) markers discussed under Immunophenotyping, be-

low.

Figure 2. Typical 2-color flow cytometer with detectors for FSC, SCC, and fluorescence.

The versatility of flow cytometry comes from the ability

to attach fluorescent tags to the cell’s surface, cytoplasm,

or nucleus or to products of the cell. Fluorescent markers

attached to the cell can be excited by lasers to emit light

of specific wavelengths, and this light is then detected

and analyzed in the manner described above. The type

and amount of fluorescence detected provide both

quantitative and qualitative information about the cell.

The photodetectors convert light into an analyzable

output by generating a small current whose voltage

has amplitude proportional to the amount of light. The

voltage is amplified and converted into electrical signals

large enough to be plotted by the computer in several

different ways. Thus, the FSC, SSC, and fluorescent de-

tectors collect the light and convert it into electrical sig-

nals that can be analyzed by the computer. In this way,

the signals coming from each photodetector can be

measured for their intensity (low to high) and be sorted

into channels. The channels are arranged as a continuum

so that a cell population with many large cells will have

many events in the larger channels, and one with many

small cells will have many events in lower channels.

DATA ANALYSIS

Data output from the flow cytometer can be repre-

sented in several ways, the most basic of which is the sin-

gle-parameter histogram (Figure 3) in which events with
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similar intensity of light (forward scatter, side scatter, or

fluorescence) are collected in channels and are then plot-

ted. This plot demonstrates the number of cells with sim-

ilar optical characteristics. Figure 4 is an example of

graphs that display two measurement parameters, one

on the x-axis and one on the y-axis, and the cell count

as a density (dot) plot or contour map. The parameters

could be SSC, FSC, or fluorescence. These parameters

can be collected in one channel.

Figure 3. Single-parameter histogram showing expression of the cellular antigen CD3 in a mixture of cells.

Figure 4. Bivariate dot plot of cells displayed by FSC and SSC.
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A dot plot displays a dot for each cell, and density plots

and contour plots show a heat map or a topographical

linear map, respectively, based on the relative number

of cells in each channel. The forward versus side scatter

histogram is the most common method of identifying

different hematopoietic cell types. Figure 5 shows a con-

tour plot that is a 3-dimensional representation of the rel-

ative number of cells in the various channels.

When cells are stained with antibodies for different epi-

topes carrying two different flourochromes, the data are

presented as a plot of the two parameters plotted against

each other. Cursors can be set on each axis to separate

positive populations from negative populations for each

of the attributes. This results in a graphic representation

of cells that are positive for both markers, negative for

both markers, and positive for only one of the two mark-

ers (Figure 6).

Figure 5. Bivariate contour plot showing relative numbers of cells present in each channel that co-express 2 CD

markers.
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Figure 6. Schematic presentation of a 2-parameter histogram.

The flow cytometer allows the user to set the limits of

positive and negative for each marker. Flow cytometric

data are collected in list mode, where each electronic sig-

nal from a respective cell is displayed in the sequence in

which it was acquired. List mode files can be edited at a

later time to include or exclude any event. A basic advan-

tage of flow cytometry is the ability to separate the data

about the cells of interest from both the background and

dead cells (e.g., noncellular particles or debris) when

dealing with forward and side scatter and cells of other

populations. The user must decide which signals are

the actual light outputs from the cells, and construct

an electronic gate to tell the computer to count as posi-

tive only the events that fall within the gate. Cell popula-

tions can vary widely depending on the tissue or cell

source and the characteristics of the flow cytometer

used. Gating allows the user to determine which outputs

to consider actual events, so this process is of prime im-

portance in standardizing flow cytometry data (Figure 7).

A technique known as compensation can be used to

separate spectral overlap of fluorochromes that have sim-

ilar emission wavelengths. For analog-style flow cyt-

ometers manufactured before the late 1990s,

compensation must be set before data acquisition. In

modern digital instruments, compensation can be set ei-

ther before or after data acquisition. The adjustment of

compensation can be more of an art than a science,

and considerable literature has been focused on the rel-

ative merits of various methods to determine the correct

compensation for cell types or experimental conditions.

The analyst should have considerable knowledge of the

cell type under analysis in order to prevent errors in phe-

notyping that can result from improper adjustment of

compensation.

The number of events counted should be adequate for

statistical confidence in the results. The instrument can

be set so that data are collected until a certain number

of events in a channel have been measured. This feature

allows the operator to vary the length of time or number

of events from the sample so that statistically reliable da-

ta are generated. Thus, a sample that measures a rare

event will analyze more total cells than one that measures

a common event. Use of list mode files, the electronic da-

ta files that represent the most uncensored data, pro-

vides an advantage because these files can be further

analyzed after data acquisition. Investigators need to en-

sure that all raw data, documentation, protocols, speci-

mens, and final reports are archived at the close of the

study. To ensure the integrity and quality of raw data col-

lected, researchers need to abide by US FDA Regulations

for Good Laboratory Practices (GLP) as prescribed in 21

CFR Part 58 [Good Laboratory Practice for Nonclinical La-

boratory Studies] and Part 11 [Electronic Records and

Electronic Signatures].
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Figure 7. Gating of a cell population with low side scatter and high forward scatter, which is distinct from other cell

populations in the sample.
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Flow Cytometry: Elements of a Procedure

Flow cytometric methods incorporate sample han-

dling, preparation, and staining; instrument setup and

operation; data collection, analysis, and storage; and as-

sociated quality control measures.

SAMPLE HANDLING AND STAINING

Sample collection, handling, and anticoagulation—

In order to make accurate conclusions about the cell-

based drug product, the analyst should ensure that sam-

ples from cellular products are as representative as possi-

ble of the whole product. Blood, apheresis samples, and

cell suspension products should be well mixed before

sampling, and care should be taken to obtain adequate

sample volumes.

Cellular samples containing human blood/plasma

must be anticoagulated. Citrate-based anticoagulants

(e.g., Anticoagulant Citrate Dextrose Solution A) or hep-

arin are recommended more highly than EDTA because

they will optimally preserve samples being held for more

than a few hours. For longer-term samples, specific trans-

port/storage media may be required, and validation stu-

dies should be performed to ensure that those samples

are equivalent to fresh samples at the time of flow cyto-

metric analysis.

Samples intended for whole blood lysis and surface an-

tigen staining should be transported and stored, prefer-

ably on a slow oscillating mixer, at room temperature.

Fixed samples or live cell preparations should be stored

at 48. When the sample may be exposed to extreme tem-

peratures, temperature-control materials (room temper-

ature packs, wet ice/cold packs, and insulation) may be

necessary, and validation studies should be performed to

ensure sample integrity. For critical or high-value sam-

ples, temperature-monitoring devices may be needed

during transport.

After acquisition, specimens should be analyzed as

soon as possible. Special attention should be given to sit-

uations where cellular proliferation and metabolic deple-

tion of energy sources within the transport/storage

media can lead to apoptosis. When accurate counting

is not required or if infectious agents are suspected, a

commercial lyse/fix solution can increase storage time

and reduce the risk of disease transmission. For speci-

mens separated by density-gradient centrifugation, stor-

age in a solution of buffered paraformaldehyde (0.1% to

2.0%) is recommended after cell labeling has occurred.

Sample Processing, Staining, and Fixation—

Reagents used in sample processing, staining, and fix-

ation should be qualified for their intended use. Further

guidance is available in ICH Q6B. When using reagent

kits, follow the manufacturer’s sample processing instruc-

tions.

Sample processing that involves centrifugation, wash-

ing, red blood cell (RBC) removal or lysis, or density-gra-

dient separation is commonly done during many flow

cytometric applications but can introduce error and arti-

fact. Several techniques and reagents are available for

RBC removal and lysis. Clinical grade [in vitro diagnostics

(IVD) or analyte-specific reagents (ASR)] reagents are re-

commended for optimal quality, but artifacts can still oc-

cur. Density-gradient centrifugation can introduce error

associated with variable cell losses among subpopula-

tions that are being measured. These sources of error

and artifact can be avoided by analyzing live whole blood

whenever possible.

Most whole blood lysate instructions recommend

staining at room temperature and in the dark. Many

methods include a dilute fixative to prevent capping

and internalization of fluorochrome. In contrast, cell pre-

parations (density-gradient cell preparations, apheresis

specimens, tissue culture) should be stained at 48,

washed with cold buffer, and stored cold until analyzed.
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Fixation that also preserves cell surface antigens can be

accomplished using commercial leukocyte preservatives

or with buffered formaldehyde or paraformaldehyde.

Very little validation of storage times, antibody binding,

or fluorochrome intensity has been reported. Any labor-

atory that considers batch analysis of fixed specimens

should validate these techniques thoroughly before im-

plementing.

USE AND CHOICE OF FLUOROCHROMES

Fluorochromes—

Fluorochromes are used for direct staining of cells or as

agents bound to antibody or other reagents to stain cel-

lular antigens or other structures. Table 1 lists examples of

common fluorochromes used for flow cytometry and

their excitation and emission wavelengths. Wavelengths

(nm) may vary slightly depending on the environment.

Synthetic probes from specific manufacturers are also

available.1 Fluorochromes must match the spectral range

for the lasers and filter sets specific to the user’s flow cyt-

ometer.

When choosing fluorochromes for multicolor pheno-

typing, the operator should refer to established methods

for the particular instrument. In general, the brightest flu-

orochromes should be matched with the antigens that

are expected to have the lowest expression on the cell

surface. The brightness of tandem dyes can also be re-

duced by the use of certain fixatives, some of which are

less problematic than others. When designing a multico-

lor flow and tandem dye procedure that has not been

previously validated, the operator should consult the

manufacturer’s technical service, compare tandem dye/

fixative combinations, and validate the final fluoro-

chrome combination to ensure sample-to-sample consis-

tency.

Tandem fluorescent dyes are dual-conjugated fluores-

cent molecules. When the two labels are in close proxim-

ity, energy produced by the laser exciting the donor fluor

is transferred to the acceptor fluor, releasing a photon at

the emission wavelength of the acceptor fluor (also

known as fluorescence resonance energy transfer, or

FRET). For example, PECy5 will excite at the excitation

wavelength for PE (565 nm), transfer energy to Cy5,

and emit at the emission wavelength for Cy5 (670 nm).

Table 1. Fluorochromes Commonly Used
in Flow Cytometry

Fluorochrome

Typical

Excitation

Laser (nm)

Emission

Peak (nm)

Cascade Blue 375; 401 423

Pacific Blue 403 455

R-Phycoerythrin

(R-PE)

480; 565 578

PE-Cy5 conjugates 480; 565;

650

670

PE-Cy7 conjugates 480; 565;

743

767

Red 613

(Texas Red)

480; 565 613

Peridinin

Chlorophyll

(PerCP)

490 675

Fluorescein

(FITC)

495 519

Allophycocyanin

(APC)

650 660

APC-Cy7 conjugates 650; 755 767

Fluorescently Labeled Antibodies—

Most commercially available antibody reagents are

monoclonal, but polyclonal reagents may be available,

and desirable, for some applications. The quality and
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specificity of an antibody can vary widely. Antibodies di-

rected at a given antigen may differ in their binding spec-

ificity for different antigenic epitopes or in the strength of

binding to the same epitope. If possible, use directly con-

jugated fluorochrome–antibody combinations that are

IVD or ASR grade. Optimization of antibody concentra-

tion for the desired cell population is protocol specific

but is generally accomplished by using increasing con-

centrations of antibody with a fixed number of cells to

bracket the optimal brightness between autofluores-

cence and quenching. Quenching is caused by the pro-

zone phenomenon, which occurs when excess antibody

leads to immunoprecipitation and loss of fluorescence in-

tensity. Further details are available in methods manuals

such as Current Protocols in Immunology (see Appendix).

Cell Surface Antigen Staining—

Techniques for surface antigen staining vary with the

type of specimen. Whole blood lysis techniques generally

require surface labeling at room temperature in darkness

for 15–30 minutes, followed by RBC lysis and, if desired,

fixation. Published techniques use ammonium chloride

(NH4Cl) lysis of whole blood or marrow specimens fol-

lowed by washing before antibody labeling for leukemia

immunophenotyping. Mononuclear cell or cultured cell

samples that are stained live should be kept at 48 or in

an azide-containing buffer to prevent capping and inter-

nalization of the antibodies.

Intracellular Staining—

Several standardized procedures also exist for labeling

intracellular antigens and cytokines. The operator should

consult the manufacturer’s protocol and standardized re-

agents for these procedures. Because permeabilizing re-

agents vary among procedures and manufacturers, do

not mix and match reagents. For cytokine labeling it is

often necessary to use an activating step and a Golgi

block to allow a sufficient amount of cytokine to accumu-

late for detection. If standardized reagents or procedures

are not available from the manufacturer or if analysis of

specialized functions is required, many common proce-

dures and techniques can be found in sources such as

Current Protocols in Immunology (see References).

Quantitation of Antigens—

Some applications require quantitation of the average

number and density of antigen molecules per cell in or-

der to give a more complete picture of the immunolog-

ical behavior of cells (e.g., in studies where extracellular

antigens are expressed differentially in relation to activat-

ing stimuli). The intensity of an antibody/fluorochrome

labeled cell preparation is compared to the intensity of

a set of microbead fluorescence standards collected at

the same PMT voltage settings. The standards are cali-

brated in molecules of soluble fluorescence (MESF) units,

from which one can determine effective fluorescence to

antibody (F/P) ratio, the number of antigen molecules

per cell, and the density of available sites per cell.

INSTRUMENT SETUP AND OPERATION

Compensation—

Most instrument manufacturers supply software and

test reagents (usually fluorescent beads) to set PMTs

and compensation in order to target values found with

the most common clinical tests (e.g., lymphocyte pheno-

typing, CD34 analysis). The operator should also use a

biological control such as preserved blood or mononu-

clear cells, which are commercially available. Compensa-

t ion must be set before acquis i t ion on analog

instruments. Digital instruments’ PMTs must be set cor-

rectly because the values for these settings cannot be

changed once the list mode file has been generated.

When rare events are examined and/or intracellular dyes

(e.g., 7-AAD, PI, Syto-16, etc.) are used in conjunction

with fluorescently labeled antibodies, the balance of

PMT voltage and spectral overlap must be closely moni-

tored.1 AlexaFluor series (InVitrogen/Molecular Probes) or the Cy se-
ries (GE Healthcare).
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Autofluorescence (AF) is fluorescence above baseline in

the absence of fluorochrome staining. This occurs in

some cells, typically myeloid cells (especially alveolar

macrophages) and cultured primary cells. If desired or

necessary, AF can be measured directly on a fixed PMT

voltage or can be calculated from a reference standard

of fluorescent reference bead preparations (see Quantita-

tion of Antigens, above). Avoid use of the 488 nm or 532

nm excitation wavelength and subsequent spectral com-

pensation of the AF as an additional fluorochrome.

Data Acquisition and Gating Strategies—

When possible, all events should be acquired in list

mode, i.e., without selective gating of events. Live gating,

defined as selective gating of events during acquisition,

should be employed only when the desired subset is suf-

ficiently rare that4 2 million total events must be ana-

lyzed in order to count a significant (100 or greater)

number of events of the desired population. List mode

data can be acquired uncompensated when digital in-

strumentation is used, but most operators find that anal-

ysis is much less difficult and time-consuming if the data

are in the range of proper compensation before acquisi-

tion. In addition, it is often desirable to set thresholds for

exclusion of debris. Setting a forward scatter threshold,

for instance, excludes events below a predetermined size

in order to prevent the large list mode file size that can

occur when these events are counted.

Use of Controls—

Fluorochrome-conjugated bead preparations are used

for standardizing PMTs and compensation and for quan-

tifying the expression of specific markers. The use of bio-

logic controls is also highly recommended. Stain the cell

samples with an isotype control and primary and secon-

dary antibodies to assess nonspecific binding unless the

laboratory has ascertained by rigorous validation proce-

dures that nonspecific binding does not interfere with as-

say results.

Antigen-positive and -negative cell populations (pre-

pared and stained in a manner identical to that for the

test articles) provide internal system suitability standards.

Such control cell populations also allow the laboratory to

assess lot-to-lot variations in antibody preparations and

staining reagents.

Use of Dyes and Gating for Cell Viability—

Cell viability dyes such as 7-AAD, propidium iodide,

and TO-PRO iodide are commonly used to determine

the proportion of dead cells in a cell therapy product.

These dyes are typically excluded from live cells but pass

through the cell membrane of dead cells, staining their

DNA. Cell viability staining can be combined with surface

membrane or intracellular staining to evaluate subpopu-

lations and the proportion of live and dead cells stained

with a given marker. Viability staining can also be used in

conjunction with a membrane dye in flow cytometry–

based cytotoxicity assays. These viability dyes should

not be confused with the many apoptosis-detection re-

agents now available. Validation techniques for non-

IVD viability dyes involve the preparation of a dead cell

population that is added in serial dilution to a live cell

product, and the cell mixture is then assessed for fidelity

to the known proportion by staining with the dye of in-

terest.

Cell Enumeration—

Absolute cell count, expressed as the number of cells in

a given sample volume, can be determined by dual- and

single-platform methods. The dual-platform method re-

lies on a separate automated cell-counting instrument or

manual counting method to first enumerate the cell pop-

ulation. The percentage of a subset(s) of interest is then

determined by flow cytometry, that percentage is multi-

plied by the cell count, and the result is divided by 100.

Single-platform methods enumerate the cell population

and subset counts directly by counting the cells in the

sample simultaneously while counting reference beads

that have been added to that sample volume in a known
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concentration. Reference beads are often provided as a

bead suspension that is added to the specimen. Alterna-

tively, a given volume of sample may be added to a

known number of reference beads provided as a solid

phase matrix in polystyrene tubes. These approaches

are subject to pipetting error, so extra care must be taken

to ensure accuracy and reproducibility.

Instrument Setup and Quality Assurance—

Each laboratory should have a quality plan that defines

the standard operating procedures for instrument setup

and calibration, as well as regular instrument monitoring,

maintenance, and cleaning. Instrument logs should doc-

ument these activities and operators. In general, the in-

strument manufacturer’s quality program should be

followed unless a suitable alternative has been estab-

lished.

Instrument parameters such as laser current, voltage,

output, and PMT voltages during calibration should be

monitored and recorded whenever the instrument is in

use. Careful monitoring of instrument setup parameters

can be helpful to detect trends and to predict laser or

PMT failure. Biological control testing results should also

be monitored and recorded to detect and prevent ana-

lytical method drift.

The laboratory should also participate in a proficiency-

testing program that reflects the test menu. Depending

on need, this could range from a formal program such as

the one administered by the College of American Pathol-

ogists (CAP) or simple sharing of specimens and analysis

with another laboratory. Ensuring that operators are

trained, qualified, and periodically evaluated for profici-

ency to perform specific procedures will also help ensure

the consistency of techniques and controls.

DATA MANAGEMENT AND STATISTICAL

CONSIDERATIONS

Data Management and Storage—

Quality control assays and sample test assays (in list

mode) should be stored in a manner that complies with

regulatory requirements applicable to the laboratory.

This can be accomplished by transfer to fixed drives, re-

movable media, or to a server such as a commercial La-

boratory Information System. Storage of results should

always be traceable to the original FCS list mode file, in-

strument settings, and quality control parameters for

that particular specimen. Data should be backed up to

avoid loss of files. Storage and backup procedures should

also be established for manual (paper) records that may

be used for calculations and summary data.

Data Analysis and Statistical Considerations—

For most flow cytometry applications, data analysis in-

volves displaying the data from list mode files or live gat-

ing in a plot (single-parameter histogram plot, two-

parameter dot plot with regions, or three-dimensional

plot) and measuring the distribution of events within

that plot. Further analysis of data within selected popula-

tions can be done by gating on specific cell populations.

Description of the data typically includes the percent of

events within the population with a given characteristic

(forward scatter, side scatter, fluorescent marker). The

numerator is the number of events with the characteris-

tic, and the denominator is either the number of total

events counted or the number of gated events counted.

For two-dimensional plots, analysis is typically done us-

ing computer software that analyzes and reports regional

(e.g., quadrant) statistics. Because cell population clus-

ters may shift their positions from one data file to the

next, software has been developed for cluster analysis.

Statistical analysis of quantitative flow cytometry appli-

cations differs from qualitative applications in which a

cell is considered either positive or negative for a given
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marker. For a typical quantitative application in which

the number of molecules on the cell surface is estimated,

the mean or median fluorescence intensity of the sample

cells labeled with a fluorescent antibody bound to the

molecule of interest can be compared to appropriate

controls, including standard curves of cells or particles

with known quantities of that molecule/antibody.

A common practical consideration for flow cytometric

analysis of cell therapy products, especially autologous

and related donor allogeneic products, is that sample

size for analytical testing is often limited because of the

limited cell content of the therapeutic product itself. This

creates special challenges if cells containing the flow

marker of interest are rare events. In these cases, before

making a decision about sample size, the user must con-

sider the expectations for detecting the rare events with-

in a given number of total cells (i.e., prevalence,

variability, sampling error) in relationship to the desired

precision of the estimate.

Quality and Standardization

Standardization of flow cytometry practices and equip-

ment requires validation, quality assurance (QA), and

quality control (QC) practices. Although flow cytometry

is used widely in both research and clinical laboratories,

testing of cells for the development of clinical diagnostic

and therapeutic applications is increasing, leading to

more comprehensive regulatory requirements and atten-

tion to standardization. As an example, flow cytometry

operators have traditionally used fluorescent micro-

spheres (beads) or cells for instrument setup and QC, fre-

quently based upon manufacturers’ recommendations.

However, consistent instructions about how these con-

trol standards should be applied to instrument setup

and QC remain elusive.

Properly applied, validation provides documented evi-

dence that the manufacturing or testing process consis-

tently produces product that meets predetermined

specifications. Based on a thorough understanding of

critical process parameters, validation helps to define

product quality and helps to ensure a consistent and

well-controlled manufacturing or testing process. Valida-

tion of flow cytometric methods should incorporate in-

strument qualification, analytical method validation,

and operator qualification.

DOCUMENTATION

GLP and GMP processes require appropriate documen-

tation such as standard operating procedures (SOPs) for

all lab processes. SOPs must also be periodically updated

and approved to reflect current practices. Training and

qualification are required so that laboratory staff have

the appropriate level of competence for their assigned re-

sponsibility. Operator competencies must be continually

reviewed and assessed in relationship to SOPs and poli-

cies.

Integrating both internal and external quality proces-

ses is an important element of quality assurance. These

involve equipment validation, manufacturing controls

and limits, and product specifications. Process and

equipment validation processes generally require Instal-

lation Qualification (IQ), Operational Qualification

(OQ), and Performance Qualification (PQ).

EQUIPMENT AND ASSAY QUALIFICATION

IQ establishes that the instrument is received as de-

signed and specified, and that it is properly installed in

a suitable environment. This generally means checking

physical and facility requirements to determine if the flow

cytometer can be suitably installed. Qualification factors

verified typically include temperature, humidity, space,
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and electrical facility capabilities in relationship to the in-

strument manufacturer’s requirements. IQ procedures

also ensure that all hardware and software components

purchased are installed properly by the instrument man-

ufacturer’s representative.

OQ demonstrates that an instrument will function ac-

cording to the manufacturer’s specifications. This gener-

ally means component-level testing by the instrument

manufacturer’s representative or using a manufacturer’s

validation package that guides the end user to perform

this function. Where possible, these tests should have

specifications with corresponding quantitative control

limits. This testing ensures that the instrument hardware

and software are operational by comparison with the

manufacturer’s specifications.

PQ demonstrates that both the instrument and assay

consistently perform according to specifications. For flow

cytometry, these specifications are generally determined

by the laboratory performing the flow cytometric testing

and usually include daily instrument and assay control

test specifications. For specific assays, PQ should incorpo-

rate standardized methodology, application-specific set-

up and compensation, and specifications for linearity,

precision, and accuracy of reported assay results. On

some digital flow cytometers, a baseline instrument set-

up may be necessary in order to determine the optimal

instrument settings for a given assay.

INSTRUMENT PERFORMANCE

Performance specifications may be identified by the

flow cytometer manufacturer and may not address all

of the operator’s specification requirements. After identi-

fying the manufacturer’s specifications, the laboratory

must establish specifications that are appropriate for

the hardware configuration(s) that will be used, and

the specifications must be standardized. As an example,

the manufacturer may have a base specification for a

four-color dual-laser flow cytometer. If the base specifica-

tion calls for the standard Red Diode 635-nm laser but a

Helium–Neon air-cooled 633-nm laser is substituted, the

base specifications are no longer valid for the system.

Similarly, if the specifications are based on the use of a

660-nm band-pass filter but a 675-nm long-pass filter is

substituted, the base specifications are not valid because

of differences in the emission filter characteristics.

PERFORMANCE MONITORING

Instrument performance can be monitored on a daily

basis using commercially available fluorescent beads.

Light detectors such as PMTs, photodiodes (PD), and

avalanche photodiodes (APDs) are used in most systems

to detect signals, and their gains can be changed to in-

crease or decrease the sensitivity of the detectors. There-

fore, monitoring the settings of these detectors is as

important as monitoring the signals, and these settings

should be associated with each raw data file. The easiest

approach is to maintain the same instrument detector

settings from day to day and to measure the intensity

of the fluorescence signals. This approach should be im-

plemented for all parameters that must be validated us-

ing the appropriate beads. Instrument sensitivity is based

on the ability of the detection system to resolve dim cell

or bead populations. For that reason, measuring the co-

efficient of variation (CV) of dim to moderately intense

fluorescent bead populations is a means to monitor fluo-

rescence sensitivity on a daily basis. Follow the instru-

ment manufacturer’s recommendations for monitoring

performance.

Ambient high temperature can affect laser and PMT

performance and should also be monitored on a daily ba-

sis.

Incorrect compensation for spectral overlap can

strongly affect data during multicolor analysis. Many ap-

proaches have been established for this purpose, and re-
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cently mathematical algorithms have been used rather

than analog circuitry. Algorithms, such as those that

use matrix algebra, enable the operator or investigators

to apply objective criteria to compensate for spectral

overlap after all data have been collected. On older sys-

tems, the standard approach has been to compensate

using a subtractive hardware adjustment to the observed

preliminary data before all data have been collected. This

approach can be subjective and is not as likely to produce

accurate results as compensation by newer methods. An-

tibody-bound capture beads are valuable compensation

tools because they can be used with the same antibody

and tandem dyes for all fluorophores that will be used on

cells. Validate the use of beads in place of cells for com-

pensation purposes.

STANDARDS

Microsphere-based fluorescence standards for flow cy-

tometry have been categorized by their purpose:

� Type I Standards are alignment standards that are

used to make adjustments to the instrument’s optical

alignment. These are typically used by field service

engineers and by users of operator-adjusted systems

to check the optical signal alignment in order to im-

prove instrument sensitivity. These particles are typi-

cally small (� 2 mm), bright, and provide the most

uniform illumination.

� Type II Standards are reference beads and are the

most commonly used bead standards. These typical-

ly are used on a daily basis, have dim to moderate

fluorescence intensity, and can be obtained with var-

ious attached fluorophores. These can be used to

mimic cells and can be used with dedicated software

to determine relative instrument sensitivity.

� Type III Standards are used for fluorescence calibra-

tion. These are used for specialized applications that

require calibration of one or more fluorescence de-

tectors for quantitation of molecules of fluoro-

chrome. Determination of the ratio of fluorophores

to antibody (F/P ratio) allows subsequent calculation

of the number of antibodies bound per cell.

INSTRUMENT SETUP AND QUALITY ASSURANCE

Instrument setup and quality assurance should be ac-

tivities independent of the biological assay. Many vari-

ables related to instrumentation can lead to artifacts in

the biological assay results. Two activities can be used

for instrument quality assurance: baseline setup and daily

setup.

Baseline Setup—

On newer digital instruments it is desirable to establish

a baseline setup of instrument settings that provide opti-

mal sensitivity. This setup is not a daily procedure but

should be performed if the instrument configuration is

changed or if the instrument is serviced. Because PMT

voltages and instrument configuration can strongly af-

fect instrument sensitivity, this method should be used

to provide objectivity as well as improved sensitivity.

PMT Voltages can be increased to a range that provides

a lower CV (Figure 8). These settings can be, but may not

always be, used for the biological assay.
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Figure 8. PMT Voltages can be increased to a range that provides a lower CV.

Daily Setup—

Type II Standards, as reference particles, can be used to

monitor signal intensity, separation of moderately bright

and dim particles, and signal resolution. Fluorophore-

matched beads provide a compensation tool as well as

a means of knowing that the instrument is able to detect

those wavelengths. Fluorophore-matched beads, how-

ever, do not have the fluorescence uniformity required

for measuring CVs. Based on the optical performance

of the instrument; CVs are best measured using dim

and moderately bright hard-dyed beads such as couma-

rin-dyed microparticles that fluoresce in a broad spectral

range.

It is easy to confuse assay controls and instrument con-

trols. Beads provide a fluorescence uniformity and consis-

tency that cannot be obtained with cel ls, and,

accordingly, beads are useful for monitoring instrument

performance. For this reason, it is better to use a process

control cell preparation to verify compensation and

fluorophore acceptability.

Instrument settings for daily setup are generally the

same settings used for assays. Not all assays can be used

with the same instrument settings, and it is not always

necessary to perform these activities for every instrument

setting unless it is required by validation.

Daily activities include consistent instrument setting

from day to day, use of a broad range of dim to moderate

intensity beads, and monitoring key parameters includ-

ing bead fluorescence intensity (absolute and %CV),

PMT values, temperature, laser power, and laser wave-

length.

ASSAY QUALITY CONTROL AND QUALITY ASSURANCE

Assay-specific instrument settings should be estab-

lished to demonstrate that all cell populations can be

identified in bivariate plots for fluorescence and light

scatter. Most importantly, positive populations must be

on scale and properly compensated. This is critical when

exciting cells with red lasers, which do not cause cells to

generate significant autofluorescence. For this reason, it

is important to verify appropriate PMT settings so that

the positive population is in the upper part of its fluores-

cence scale, because it may be extremely difficult to iden-

tify the negative cells.

Fluorescence compensation is a critical adjustment. Di-

gital instruments provide objective off-line adjustments

during analysis, and detailed instructions for proper com-

pensation settings are available. Using cells or capture

beads stained with a single antibody-fluorochrome is

generally the best approach, but specialized fluoro-

chrome-labeled bead mixtures can also work well to

compensate for multicolor acquisition and analysis.
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ISOTYPE CONTROLS

An isotype control is a negative-control antibody that

should not react with the antigen of interest and is the

same isotype as the test antibody. Myeloma protein or

immunoglobulin that has no specificity to the species be-

ing tested and has the same Ig chain class and subclass as

the test antibody is conjugated to a fluorochrome iden-

tical to that on the test antibody. Ideally, very little or no

binding occurs when the isotype control is used in paral-

lel with the test. Idiotypic nonspecific binding frequently

occurs, however, and is independent of the isotype of the

antibody. This is most likely related to other differences in

antibody chemistry and can be especially problematic

with rare-event detection assays, such as those for hema-

topoietic stem cell assays in peripheral blood.

FLUORESCENCE MINUS ONE CONTROLS

Fluorescence minus one (FMO) controls are used to

control nonspecific staining during a multicolor assay. Af-

ter compensation has been set, a tube containing all of

the fluorochrome-labeled antibodies, except one, is

run. If the compensation has been properly set, any pos-

itive fluorescence in the parameter corresponding to the

missing fluorochrome-labeled antibody is caused by

nonspecific staining and can be an indication of antibody

excess or degradation of related tandem dyes. Although

FMO controls are very useful for estimating the sensitivity

of a particular detector in the context of other reagents,

they do not take into account nonspecific binding that

can occur with the addition of the test antibody. FMO

control tubes are most appropriately used for trouble-

shooting or when establishing a new multicolor reagent

cocktail.

PROCESS CONTROLS

Process controls, also known as system suitability stan-

dards, account for sample preparation and data acquisi-

tion. They can include commercially available preserved

control cells, cell lines, or primary cells such as normal pe-

ripheral blood. Process controls can also be used to test

new lots of antibody reagent against old lots.

BIOLOGICAL CONTROLS

When treated or stimulated cells are compared to un-

treated or unstimulated cells, the untreated or unstimu-

lated cells may in some cases be the most useful control

for setting a positive/negative boundary. However, use of

isotype controls may also apply to these situations be-

cause stimulation may lead to Fc receptor upregulation,

leading to increased background staining, the presence

of which can be elucidated by an isotype control.

FLOW CYTOMETRY APPLICATIONS FOR CELLULAR

SAMPLES AND CELL THERAPY PRODUCTS

A wide variety of flow cytometry applications have

been developed for research, clinical diagnosis and mon-

itoring, drug development, and cellular product charac-

terization and quality assessment (i.e., control to allow

batch release). Traditional clinical applications include

monitoring HIV disease and diagnosis, and monitoring

of leukemia and lymphoma. Both pharmaceutical and

academic research laboratories have increasingly broad-

ened the application of flow cytometry from immuno-

phenotyping to functional cellular assays, as well as

microsphere-based multiplex assays capable of measur-

ing multiple functional parameters on individual cells.

Current functional assays include those that allow direct

study of cellular activation status by measuring intracell-
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ular cytokine production or secretion of chemokines or

cytokines using a ligand-binding sandwich assay on mi-

crospheres.

Immunophenotyping

Flow cytometry allows the characterization of leuko-

cyte subtypes by labeling cells with fluorochrome-conju-

gated monoc lona l ant ibod ies . The c lus te r o f

differentiation (CD) system defines monoclonal antibod-

ies that recognize unique cell-surface antigens. Many cli-

nical applications take advantage of flow cytometry’s

unique capabilities to measure multiple CD antigens on

thousands of individual cells.

CD4 ENUMERATION

In the early 1980s, investigators discovered that HIV in-

fects CD4 T cells and that a patient’s peripheral blood

CD4 T cell count is a useful indicator of immune status.

CD4 enumeration has become the most commonly used

diagnostic test in HIV-infected patients to determine the

need for anti-retroviral (ARV) therapy and for monitoring

the effectiveness of ARV drugs. T-cell subset counts are

typically expressed in terms of cells per microliter and

as a percentage of lymphocytes, using a standardized re-

agent, software, and instrument system.

LEUKEMIA AND LYMPHOMA

Multidimensional flow cytometric analysis enables

identification of aberrant cell populations in bone mar-

row, lymphatic tissue, and peripheral blood of patients

with leukemia or lymphoma. This is accomplished with

oncology-relevant and lineage-specific cocktails of

monoclonal antibodies. With optimal fluorophores and

improved optical/electronic configurations in flow cyto-

metry instrumentation, additional cell markers can be

detected to more precisely identify leukemia or lympho-

ma cell phenotypes and to improve the physician’s as-

sessment of patient status. Rare-event detection

methods have improved the ability to detect minimal re-

sidual disease.

DENDRITIC CELLS

Dendritic cells (DCs) act as antigen-presenting cells

that can influence the nature and strength of the im-

mune response to specific antigens. This finding has

led to the development of DCs as cell-based therapies

for cancer, infectious disease, and autoimmune disease.

DCs are morphologically and phenotypically diverse

and can be derived from several cell types. Two major

DC lineages, known as myeloid and plasmacytoid DCs,

can be segregated based on their expression of CD11c

and CD123, respectively. Additionally, the expression of

the co-stimulatory molecules CD80 and CD86 can be

monitored to determine DC maturation state.

STEM AND PROGENITOR CELLS

CD34 expression is commonly used to characterize he-

matopoietic stem cells (HSCs) in peripheral blood, cord

blood, bone marrow, and purified HSC preparations

from these sources. Flow cytometric identification and

enumeration of HSCs is possible by using monoclonal an-

tibodies specific to the CD34 class III epitope, along with

other well-characterized reagents, analysis software, and

protocols. The reagent combination of anti-CD45, anti-

CD34, and a viability dye such as 7-AAD is widely used for

clinical applications. Increasing interest in developing

cell-based therapies from embryonic, fetal, and adult tis-

sue sources has led to use of a wide variety of convention-

al and novel phenotypic markers for characterization of

source cells and their more differentiated progeny. Flow

cytometric assays are being developed as part of assay
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batteries to assess differentiated cellular products derived

from pluripotent stem cell sources. These assays will help

define appropriate numbers and types of desired cell

populations as well as help detect undesired cells such

as residual pluripotent cells that could prove tumorigenic

in the recipient.

LEUKOCYTES

Leukoreduction of blood products is a process used to

produce blood products with a residual leukocyte con-

tent of less than 56 106 per unit. Clinical data suggest

that nonhemolytic febrile transfusion reactions can be

prevented by leukodepletion. Leukodepletion also pre-

vents alloimmunization to HLA antigens in patients

who will repeatedly require transfusion of blood prod-

ucts. Flow cytometry is routinely used to quantitate leu-

kocyte contamination in leukocyte-depleted blood

products.

PLATELETS

Flow cytometry is a rapid and useful method for diag-

nosing many primary thrombocytopathies related to de-

fects in structural or functional glycoproteins (e.g.,

abnormal expression of gpIIb/IIIa in Glanzmann throm-

basthenia or gpIb in Bernard-Soulier disease). The use

of thiazole orange, a fluorescent dye that binds RNA, al-

lows immature platelets (reticulated platelets) to be

quantified. The reticulated platelet count can be used

to determine the rate of thrombopoiesis. This measure-

ment can separate unexplained thrombocytopenias into

those with increased destruction and those with defects

in platelet production.

ERYTHROCYTES

Rhesus D–negative women receive prophylactic Rh-im-

munoglobulin to prevent alloimmunization from Rh(D)+

erythrocytes (RBCs). If feto-maternal hemorrhage is sus-

pected, the mother’s blood is tested for the presence and

quantity of fetal RBCs using fluorescently labeled anti-

bodies to the Rh(D) antigen or to hemoglobin F.

The reticulocyte count is used to help determine if the

bone marrow is responding adequately to the body’s

need for RBCs and to help classify different types of ane-

mia. Reticulocyte counts are based on the identification

of residual ribosomes and RNA in immature nonnu-

cleated RBCs. Flow cytometric enumeration of reticulo-

cytes and their discrimination from mature RBCs uses

fluorescent dyes that bind the residual RNA (e.g., thiazole

orange).

Bead-Based Immunoassays

Multiplex microsphere-based flow cytometric assays

combine a series of particles of discrete size and/or fluo-

rescence intensity with matched antibody pairs to allow

simultaneous detection of multiple soluble analytes on a

flow cytometer. The flow cytometer’s capacity to discrim-

inate particles on the basis of size and color enables de-

termination of multiple results from a single tube or well.

Many investigators use such assays to measure secreted

chemokines or cytokines, kinases, and anti-HLA antibod-

ies.

Proliferation Assays

DYE INCORPORATION INTO DNA

Bromodeoxyuridine (BrdU) is a thymidine analog that

can be incorporated into the DNA of cells during S phase

and then can be detected using specific, labeled mono-

clonal antibodies. By pulsing a stimulated cell culture
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with BrdU, one can identify cells that have proliferated

(passed through S phase) during the time of the pulse.

This assay has become a useful alternative to 3H-thymi-

dine incorporation as a measure of proliferation because

it is nonradioactive and can identify phenotypes of pro-

liferating cells by the use of multiple markers and flow cy-

tometry.

DYE INCORPORATION INTO CELLULAR PROTEINS OR

CELL MEMBRANE

Cell-tracking dyes such as carboxyfluorescein succini-

midyl ester (CFSE) and PKH26 have proven useful in

the assessment of cell proliferation. CFSE binds covalent-

ly to cytosol and membrane proteins, and PKH26 binds

non-covalently to cell membranes. When cells divide,

CFSE/PKH26 labeling is partitioned equally between the

daughter cells, which are therefore half as fluorescent as

the parents. The fluorescence of each cell is further

halved with each succeeding generation. This property

makes CFSE/PKH26 assays useful not only for determin-

ing the fraction of cells that have proliferated in a stimu-

lated culture but also, under ideal conditions, the

number of generations that have elapsed. In this manner

one can calculate the precursor frequencies of small pop-

ulations that have proliferated over several days in cul-

ture.

Functional Assays

INTRACELLULAR CYTOKINE EXPRESSION

Cell surface and intracellular labeling techniques have

been applied to identify cell subsets with specific func-

tional characteristics. For example, brief stimulation of

cells such as PBMC with protein or peptide antigens

can result in the expression of activation markers and cy-

tokines that can then be measured along with other phe-

notypic markers on the surface of the responding cells.

The use of a secretion inhibitor such as brefeldin A or mo-

nensin allows the intracellular accumulation of cytokines.

The cells are then fixed, permeabilized, and detected by

a flow cytometric method. Such assays are useful for

monitoring T cell subpopulations that respond to vac-

cines, infectious disease agents, or cancer. Functional

properties of other cell types, including monocytes,

DCs, and NK cells, can also be monitored using function-

al assays with appropriate stimuli.

KINASES

Phosphorylation-specific cell activation intermediates

can be identified using phospho-specific antibodies and

flow cytometry. These reagents are useful for mapping

intracellular signaling mechanisms, often in the context

of other cell-surface phenotypic markers. Thus, multico-

lor flow cytometry can provide single-cell assessment of

intracellular activation states in complex cell populations.

These assays may have utility in detecting altered signal-

ing states in cancer cells or for directing appropriate

therapies based on the signaling properties of a patient’s

tumor cells.

APOPTOSIS

Apoptosis, commonly described as programmed cell

death, is the process of cell death caused by regulated,

physiologic processes. The apoptotic process manifests

itself as a series of morphological, biochemical, and mo-

lecular changes to the cell and can be initiated by exter-

nal or internal stimuli. A central event during apoptosis is

the activation of caspases, a family of proteolytic en-

zymes. Caspases are synthesized as inactive proenzymes

and are activated by other caspases or by similar mole-

cules. They form a cascade that can lead to the cleavage

of various cytoplasmic or nuclear proteins. One of the
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caspases that is reported to be crucial for the apoptotic

process is caspase-3, which is activated during the early

stages of apoptosis.

Flow cytometric methods for detecting apoptotic cells

include measuring morphology, changes in membrane

structure, DNA cleavage by endonucleases, and mito-

chondrial membrane potential. Natural or artificial cas-

pase substrates or antibodies against the activated form

of the enzyme have also been used for this purpose.

CELL VIABILITY

Flow cytometry is often used to discriminate live cells

from dead cells. The principle of nucleic acid dye exclu-

sion is the basis of this application. A nucleic acid dye

such as propidium iodide (PI) or 7-amino actinomycin

D (7-AAD) is added to cells in suspension. During flow

cytometric analysis, cells that fluoresce above back-

ground are considered nonviable because they cannot

exclude the dye, which fluoresces when it binds to cellu-

lar DNA.

Flow Cytometry Immunoglobulin Assays

FLOW CYTOMETRY CROSS-MATCHING

Before organ transplantation, flow cytometry cross-

matching (FCXM) is performed on recipients to screen

for anti-HLA antibodies that can cause rejection. Anti-

HLA antibodies are detected by incubating HLA-defined

leukocytes, B-cell lines, or HLA antigen–coated beads

with the serum sample, followed by anti-human immu-

noglobulin fluorescently labeled antibodies. Leukocytes

are immunostained to identify T and B cells in order to

distinguish between anti-HLA class I and II activity,

respectively. In addition, screening of blood donations

for anti-HLA antibodies is also increasingly employed to

identify donors whose blood products may have in-

creased risk of causing transfusion-related acute lung in-

jury (TRALI) in recipients.

ANTI-HUMAN NEUTROPHIL ANTIBODIES

Anti-human neutrophil antibodies (HNA) can cause

neutropenia and have been implicated in TRALI. Autoim-

mune neutropenias may develop in patients who have

autoimmune disorders such as Felty syndrome, systemic

lupus erythematosus, and Hashimoto thyroiditis. The ab-

sence of anti-HNA antibodies narrows the differential di-

agnosis to nonimmune causes such as bone marrow

failure, myelodysplasia, or marrow-infiltrative processes.

Flow cytometry can detect anti-neutrophil antibodies

and can confirm the origin of neutropenia or TRALI.

ANTI-HUMAN PLATELET ANTIBODIES

Anti-human platelet antibodies (HPA) are detected by

both indirect and direct flow cytometry–based platelet-

associated immunoglobulin assays. In autoimmune

thrombocytopenic purpura, free serum antibodies are

not found as frequently as are platelet-bound antibodies.

In cases of alloantibody formation, serum antibodies may

be detected without evidence of platelet-associated anti-

bodies.

FLOW CYTOMETRY ASSAY TROUBLESHOOTING

When developing a flow cytometry method, first de-

termine the ultimate purpose of the assay. For assays in-

tended for research, the cell samples, reagents, and

protocols may be difficult to standardize. Assays intend-

ed for patient diagnosis or to qualify a cellular product for

release before administration to a patient demand more

stringent assay and sample standardization. Regulatory
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guidelines, the type and stage of clinical investigation,

and the ultimate purpose of the assay determines the le-

vel of assay rigor required.

Flow cytometry assay development should include the

establishment and qualification of staining, handling, in-

strument, and analysis parameters and limits. Assuming

that the method has been well developed, the operators

are properly trained, the instrument has been properly

set up, appropriate assay and instrument controls have

been applied, and, if necessary, the instrument and

method validations have been performed, operators

may confront occasions when troubleshooting is neces-

sary.

The most common flow cytometry challenges are high

fluorescence or side scatter background, abnormal event

rates, high fluorescence intensity, and low fluorescence

signal. Approaches to alleviate these issues are described

below.

High Particulate Background

Excessive cell handling (e.g., vortexing), improper fix-

ation, and bacterial contamination of the cells can all in-

crease the particulate background. In addition, if the

instrument’s forward threshold is set too low, cell debris

will be detected as events. Gentle cell handling, fresh re-

agents, and appropriate instrument settings help ensure

consistent side scatter profiles.

High Fluorescence Background

High fluorescence intensity can be attributed to exces-

sive antibody concentration, inadequate cell washing, or

inadequate Fc receptor blocking. In addition, improperly

high instrument PMT gain can also result in a high back-

ground. Consistent antibody concentration and cell den-

sity, adequate washing and blocking, and appropriate

instrument settings will help avoid abnormally high fluo-

rescence background.

High Event Rate

Abnormally high event rates are often attributed to

high cell densities during antibody staining or in the final

cell sample. Inadequate mixing and settling of the cell

sample can result in high cell event rates, as can improper

or inconsistent gating.

Low Event Rate

Cell clumping, low final sample cell densities, block-

ages in the instrument fluidics, or improper gating can

often result in abnormally low event detection. Proper

cleaning, maintenance, and setup of the instrument, as

well as consistent staining protocols, can help achieve

consistent results with sufficient sensitivity.

High Fluorescence Intensity

As in the case for high fluorescence background, high

mean cell fluorescence can result from too much labeled

antibody, inadequate or inconsistent cell washing, or in-

adequate blocking. Including detergent in the wash buf-

fer, especially during intracellular staining, can help

prevent nonspecific antibody binding.

Weak Fluorescence Intensity

Many factors can result in weak fluorescence intensity.

Instrument parameters such as poor laser alignment, im-

proper compensation, improper setup, inconsistent gain

settings, or weak laser output can all negatively affect the

fluorescence intensity. In addition, cell physiology or re-

agent preparation issues, such as insufficient antibody
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concentration, labile or secreted target antigen, poor-

quality or improperly stored reagents (resulting in fluoro-

chromes fading), or inaccessible target antigen, can all

result in a weak signal. Adequate assay development,

proper instrument maintenance, and adherence to qual-

ified protocols can all improve the fluorescence signal in-

tensity.

Flow cytometry enables investigators to analyze cells

for many different applications. The types of immuno-

phenotypic and functional assays are increasing in num-

ber and in scope. The presence of proteins and cellular

processes and detection of rare or abnormal cell popula-

tions can be studied. The reader is referred to the techni-

cal literature for application and method details.
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BRIEFING

h1046i Cell and Gene Therapy Products, USP 32 page
436. The revision of Cell and Gene Therapy Products h1046i in-
volved splitting this general information chapter into two chap-
ters: Cellular and Tissue-Based Products h1046i will be dedicated
to cell and tissue-based products. The information on gene
therapy products will be revised and moved to a separate chap-
ter Gene Therapy Products h1047i. The purpose of the revision is
to introduce revisions that will reflect recent regulatory changes
and the current status of research and development in the area
of cellular therapies.

(BB CGT: F. Atouf) RTS—C89974

Change to read:

h1046i CELL AND GENE THERAPY
PRODUCTS

&CELLULAR AND TISSUE-BASED

PRODUCTS&2S (USP34)

&INTRODUCTION

[Note: For ease of reading, the pages of the crossed

off chapter are not printed; however, the complete

document will be displayed for the online version of PF.]

This general chapter provides a comprehensive over-

view of considerations for the development of cellular

and tissue-based products. A collection of terms com-

monly used in this field is provided under Glossary and

Definition of Terms. Cell and tissue-based therapies are

medical products that contain human or animal cells that

will be administered to humans to repair, replace, regen-

erate, or augment a recipient’s cells, tissue, or organs that

are diseased, dysfunctional, or injured. The source cells or

tissue can be harvested for use without manipulation or

may be propagated, expanded, pharmacologically treat-

ed, or otherwise altered in biological characteristics ex vi-

vo before administration. The diversity of clinical

indications and types of cell and tissue-based products

are shown in Table 1.
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Table 1. Examples of Cell-Based Therapy Products

Indication Product

Hematopoietic stem cell transplantation following

ablative therapy

Hematopoietic stem and progenitor cells that have been

harvested, propagated, selected, and/or treated for removal

of contaminating cells by means of devices and/or reagents

Cancer T cells, NK cells, dendritic cells, or macrophages exposed to

cancer-specific peptides to elicit an anticancer response; au-

tologous or allogeneic cancer cells, genetically or biochem-

ically modified and irradiated to elicit an anticancer response

Diabetes Encapsulated b-islet cells

Myocardial infarction Autologous or allogeneic stem/progenitor cells; skeletal

myocytes; cardiac-derived stem cells

Graft-versus-host disease Allogeneic mesenchymal stem cells

Wound healing Autologous keratinocytes or allogeneic dermal fibroblasts on

a biocompatible scaffold

Focal defects in knee cartilage Autologous or allogeneic chondrocytes with or without a

biocompatible scaffold

Bone repair Mesenchymal stem cells in a biocompatible scaffold

Neurodegenerative diseases Neuronal progenitor cells derived from embryonic, fetal, or

adult source tissues; cells genetically modified to secrete

neurotrophic factors, with or without encapsulation

Infectious disease Activated T-cells

Autoimmune disease Regulatory T-cells (Treg)

Spinal cord injury Neuronal progenitor cells

Organ repair or regeneration Autologous or allogeneic cells on biocompatible biomater-

ials (gels) or 3-dimensional scaffold structure

Cell therapy products can be modified by treatment

with integrating or nonintegrating genetic materials

(DNA, RNA, siRNA, etc.) so that the pattern of gene ex-

pression is changed. Typically, cells are taken from the

patient and are modified outside of the body before they

are returned to the patient. Regulatory bodies consider

the ex vivo gene-modified cellular product to be a gene

therapy product. A great deal of information in this gen-

eral chapter is relevant to processing, characterization,

manufacturing, and administration of genetically modi-

fied cells. However detailed information about the use

of various gene transfer systems, patient monitoring con-

siderations, genetic analysis, and other issues pertinent

to gene therapy products are addressed in Gene Therapy

Products h1047i.

This general chapter describes issues related to the

manufacturing, sourcing of components, and character-

ization of cellular or tissue-based products to ensure their
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safety and efficacy. A list of relevant regulatory and guid-

ance documents is presented in the Appendix. Manufac-

turers of cellular or tissue-based products should consider

and apply the controls and procedures outlined in this

chapter to ensure the products’ safe use in humans.

New methodologies are continually being developed

and validated and will be included in the United States

Pharmacopeia (USP) as they become available. USP mon-

ographs for specific tissue and tissue-based products out-

line test specifications that should be met throughout a

product’s time in the market place. The term cellular pro-

duct refers to living human or animal cells or tissues that

have been manipulated or are used in ways that result in

their regulation as somatic cellular therapies, as defined

by the US Food and Drug Administration (FDA). A tissue-

based product refers to human tissues subject to regula-

tion under good tissue practices (GTPs). Combination

products refer to cells combined with medical devices,

such as a natural or synthetic scaffold.

Considerations for Incorporating Quality System

Concepts Early in Cellular and Tissue-Based

Product Development

Current and future regulatory requirements will con-

tinue to challenge developers of cellular and tissue-based

products to incorporate robust quality attributes early in

the design phase to ensure a focus on patient safety by

means of a high degree of process understanding. Mod-

ern quality systems that harmonize current Good Manu-

facturing Practices (cGMPs) with other non-US

pharmaceutical regulatory systems [such as the Interna-

tional Conference on Harmonization (ICH) and the Inter-

national Organization for Standardization (ISO)] and the

FDA medical device quality system are being recognized

as the new global standards. These new standards in-

clude product development concepts such as Quality

by Design (QbD) and Process Analytical Technology

(PAT). Moreover, these quality systems integrate ap-

proaches to continual improvement and risk manage-

ment that promote adoption of the latest scientific

advances and innovative manufacturing technologies.

Employing the principles of Quality Risk Management

(QRM) early in product development may identify areas

of risk that can be mitigated before they are incorporated

into the manufacturing process and affect the safety and

efficacy of the product. Developers of cell and tissue-

based products should employ risk management and as-

sessment techniques as a key component of their quality

systems. Risk management is defined as a systematic pro-

cess for the identification, assessment, and control of

risks to the quality of the cell or tissue-based product

across the product lifecycle. Using QRM techniques can

help achieve safe and efficacious products by assessing

patient risks, determining design space boundaries, or

ranking quality attributes. QRM can also establish and

maintain a state of control by using risk management

to drive process control. Finally, QRM can be used to fa-

cilitate continual improvement by prioritizing opportuni-

ties for improvement. The level of effort, formality, and

documentation of the risk management process should

be commensurate with the level of risk, should be based

on scientific knowledge, and ultimately should be linked

to patient protection.

The elements of risk management have become an ac-

cepted paradigm and can be readily accessed in FDA and

international regulatory guidance documents, especially

ICH Q9. A number of tools have been developed to facil-

itate this assessment. These tools provide a quantifiable

means of prioritizing risk so that higher-risk elements of

a process can be identified and corrected.

Depending on the objective of the risk management

program, risk analysis can be more or less formalized.

Preliminary, less formal risk analysis comes into play when

a risk assessment needs to be expedited, as in the resolu-

tion of a manufacturing nonconformance. A more for-
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malized risk assessment system is necessary for process or

product development. This is especially important when

limited resources must be prioritized. Formalized systems

are predicated on well-established tools that can quantify

risk in every phase or step of manufacturing. These sys-

tems can also be used in evaluating raw material choices,

validation prioritization, facility alterations, equipment

changes, and utility deliberations.

Formal risk analysis tools include process mapping,

preliminary hazard analysis, Hazard Analysis of Critical

Control Points (HACCP), Hazard Operability Analysis

(HAZOP), Fault Tree Analysis (FTA), Failure Mode Effects

Analysis (FMEA), and Failure Mode Effects and Criticality

Analysis (FMECA).

For cell and tissue-based products, FMEA has been

commonly used to identify, quantify, and prioritize risk.

FMEA can assign a numerical rating in one of three cate-

gories:

� Severity, which is the consequence of a failure;

� Occurrence, which is the likelihood of the failure hap-

pening based on past experience or nonconfor-

mance; and

� Detection, based on the ability to detect the

failure. Each category is assigned a numerical rating

(typically 1 to 5 or 1 to 10) consistent with the sever-

ity of the excursion from the operating parameter

range, the probability of an excursion, and the likeli-

hood of detecting an excursion before it has an effect

on the product. Lower numbers refer to an unlikely

probability of detection whereas higher numbers re-

fer to the likelihood of a failure or hazardous effect.

The product of the severity, occurrence, and detec-

tion values is a Risk Priority Number (RPN). In the

risk-evaluation process RPNs are prioritized, and the

most immediate remediation can be directed to are-

as of highest risk.

COMPONENTS USED IN CELL AND TISSUE-BASED

PRODUCT MANUFACTURING

Introduction

Manufacturers of cellular or tissue-based products

must ensure that all components used in manufacturing

are appropriately qualified. Examples of components

used in the production of cellular or tissue-based thera-

pies include the source cells and tissues; natural or syn-

thetic biomaterials; ancillary materials required during

manufacturing but not intended to be present in the final

therapeutic product; and excipients used in the formula-

tion of cellular or tissue-based therapies.

Qualification is the process of acquiring and evaluating

data to establish the source, identity, purity, biological

safety, and overall suitability of a specific component to

ensure quality. The diversity of cellular and tissue-therapy

products and of the materials used to produce them

makes it difficult to recommend specific tests or proto-

cols for a qualification program. Therefore, rational and

scientifically sound programs must be developed for

each component.

Material qualification activities will change as products

move from clinical trials to licensure and commercializa-

tion. A well-designed qualification program becomes

more comprehensive as product development progress-

es. In the early stages of product development, safety

concerns should be the primary focus of a material qual-

ification plan. In the later stages, material qualification

activities should be completely developed and should

comply with cGMP.

Qualification of Source Cells and Tissues

Various human- and animal-derived cells and tissues

serve as source material for cell and tissue-based prod-

ucts. Three sources of donor cells for cell-therapy prod-

ucts include: (1) the patient’s own cells (autologous cell
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products), (2) cells from another human being (allo-

geneic cell products), and (3) cells derived from animals

(xenogeneic cell products). The source of cells used for a

particular cell or tissue-based therapy largely depends on

compatibility, purity, and availability. Use of autologous

cells has the advantage of minimal concerns regarding

immune rejection. However, an autologous source is

not always available and appropriate if the cell type is

dysfunctional, malignant, not readily obtainable, or con-

taminated.

The alternative is a compatible allogeneic cell source

that may be more readily available. Of primary concern

with the use of allogeneic cell sources is immune

incompatibility, which could lead to rejection of the ad-

ministered cell or tissue-based therapy. In immunocom-

promised recipients, the donor cells may react to the

patient’s cells, leading to graft-versus-host disease, which

can be life threatening. Despite the potential complica-

tions of using allogeneic donor cells or tissues, in the ab-

sence of other alternatives the risk-to-benefit ratio is

often favorable. A number of approaches successfully cir-

cumvent immune barriers for the use of allogeneic

sources. Immunosuppressive drugs developed for solid

organ transplantation and advances in inducing immune

tolerance are increasingly applied to cell transplantation.

Certain allogeneic cells elicit minimal immune reactions,

even in HLA-mismatched recipients. Examples include

mesenchymal stem cells, certain dermal and epidermal

cells, and fibroblasts.

Despite advances in the derivation of new types of

therapeutic cells, particularly stem cells (adult, fetal, em-

bryonic and induced pluripotent cells), the ability to gen-

erate certain types of cells or tissues remains elusive. As a

result, ongoing efforts use xenogeneic cells and tissues to

treat a number of human diseases or conditions. Use of

xenogeneic cells must address concerns about both im-

mune rejection and transmission of animal viruses to hu-

mans (see Animal Sources of Cells and Tissues, below).

Some general principles in the sourcing of tissues in-

clude: (1) systems must allow the material to be traced

back to the donor, while adhering to privacy legislation;

(2) steps must be taken to prevent the transmission of in-

fectious diseases from the donor to the recipient; and (3)

aseptic procurement and processing must ensure the

safety of the final product because terminal sterilization

of products containing living cells and tissues is not pos-

sible. FDA has promulgated a specific set of regulations,

referred to as GTPs, that specifically address the need to

procure and process tissues in a manner that avoids

transmission of a communicable disease. GTPs and/or

GMPs must be followed for cell or tissue-based therapy

products, depending on cell source and place in the pro-

duct life cycle.

DONOR ELIGIBILITY

FDA has enacted a comprehensive set of regulations

governing human tissues and human cells that are in-

tended for implantation, transplantation, infusion, or

transfer into a human recipient. These materials are re-

ferred to as human cells, tissues, or cellular or tissue-

based products (HCT/Ps). Paramount for procurement

of HCT/Ps for medical use is adherence to donor eligibil-

ity requirements. These dictate that a donor’s relevant

medical records must be reviewed to evaluate risk factors

and clinical evidence of communicable disease agents.

This includes obtaining a health history and performing

a physical examination on a donor to screen for commu-

nicable diseases. In addition, donors must also undergo

appropriate laboratory testing using FDA-cleared or

-approved test kits for specific relevant communicable

disease agents and diseases (RCDADs). Required disease

testing will expand as new RCDADs are identified and

FDA-approved or -cleared test kits become available.

Two sources for information about communicable dis-

ease testing are FDA’s Guidance on Eligibility Determina-
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tion for Donors of Human Cells, Tissues, and Cellular and

Tissue-Based Products and AABB’s Circular of Information

(http://www.aabb.org/Content/About_Blood/

Circulars_of_Information/aabb_coi.htm). Donor eligibili-

ty determination is not required for autologous HCT/Ps.

HUMAN CELLS, TISSUES, OR CELLULAR OR TISSUE-

BASED PRODUCTS

HCT/Ps may be sourced from normal healthy donors,

cadaveric donors, or patients with diseases such as can-

cer. The suitability of tissue sourced from patients with

cancer and other diseases should be assessed before col-

lection to ensure adequate safety and function of the fi-

nal cell therapy product. Additionally, the regulations in

45 CFR Part 46 apply to all federally supported human

subject research. These regulations require that an Insti-

tutional Review Board review and approve the use of any

tissue taken from a human donor. The regulations also

include special considerations for research on prisoners,

children, pregnant women, or gestational tissue. In all

cases appropriate written consent must be obtained

from the donor or the donor’s next of kin describing

the tissue that is being procured and its intended use.

The risk of disease transmission to the manufacturing

operator should be minimized by appropriate training

for handling potentially infectious materials and by the

use of protective equipment and clothing. Tissues should

be obtained under environmental conditions and con-

trols that provide a high degree of assurance for aseptic

recovery.

Hematopoietic progenitor cells (HPCs) are one of the

most extensively used cell sources for human transplan-

tation. These cells can be collected from the bone mar-

row, peripheral blood, or umbilical cord blood. The

source of cells depends on the patient, the disease, and

the clinical protocol. Regardless of the cell source, meth-

ods for processing the cells are similar. HPCs can be

sourced from healthy donors or patients with hemato-

logical disorders. In addition to FDA’s HCT/Ps regu-

lations, applicable guidelines and standards for the

collection and processing of these materials have been

published by the American Association of Blood Banks

(AABB), the Foundation for the Accreditation of Hemato-

poietic Cell Therapy, and the National Marrow Donor

Program (NMDP).

For cell or tissue sources obtained from surgical speci-

mens or cadaveric donors, standard hospital operating

room practices are applicable. The air quality in a typical

limited-access operating room is adequate for such pro-

cedures. Procurement personnel must be appropriately

trained in all aspects of tissue recovery, such as surgical

scrubbing, gowning, operating room behavior, anato-

my, surgical site preparation, and aseptic technique. Spe-

cial care is required when tissue or organ procurement

requires extensive manipulation of the bowel, which

may result in the inadvertent puncture of the bowel. Tis-

sue that contains microbial flora (e.g., skin) at the time of

procurement can be adequately disinfected with antimi-

crobial or bactericidal agents and extensive scrubbing.

ANIMAL SOURCES OF CELLS AND TISSUE

Ideally, cellular therapy products would consist of hu-

man cells manufactured with minimal exposure to ani-

mal-based materials. However, at present important

unmet medical needs may potentially be addressed by

cellular therapy products from animal cells or tissues.

One example is pancreatic islets intended to treat diabe-

tes. Human sources of pancreatic islets are available only

from pancreas donated at the time of death. The quality

of donor organ islets is variable, and the available supply

is inadequate to meet potential demand. One approach

is procurement of pancreatic islets from appropriately

qualified animal sources for subsequent use in humans

(xenotransplantation).
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Developers who intend to use animal cells or tissues in

a cellular therapy product must adequately address pub-

lic health concerns and must develop approaches to mit-

igate the potential risk of introduction and propagation

of zoonotic infectious agents into the general human

population. The PHS Guideline on Infectious Disease Issues

in Xenotransplantation (January 2001) describes potential

risks. The FDA guidance Source Animal, Product, Preclini-

cal, and Clinical Issues Concerning the Use of Xenotrans-

plantation Products in Humans (April 2003) reflects

updated approaches and expectations to minimize risks

of xenogeneic cellular products.

The use of animal tissue in the manufacture of cell ther-

apy products requires that the tissue be sourced in a con-

trolled and documented manner from designated

pathogen-free animals bred and raised in captivity in

countries or geographic regions that have appropriate

disease prevention and control systems. In addition,

the care and use of animals should be approved by a cer-

tified institutional animal care and use committee. Donor

animals must have documented lineage, be obtained

from closed herds or colonies, and be under health main-

tenance and monitoring programs. The animal housing

facility should be USDA certified (large vertebrate ani-

mals) or Association for Assessment and Accreditation

of Laboratory Animal Care International (AAALAC) certi-

fied (small vertebrate animals) and should meet the re-

commendations stated in the Guide for the Care and

Use of Laboratory Animals (National Research Council,

1996), which can be obtained from AAALAC (www.aaa-

lac.org). Such facilities should be staffed with veterinari-

ans and other trained personnel who ensure animal

health and disease prevention. The facility’s procedures

should be documented, and records should be kept.

Health maintenance and monitoring programs should

be based on standard veterinary care for the species, in-

cluding physical examinations, monitoring, laboratory

diagnostic tests, and vaccinations. A stepwise batch or

all-in–all-out method of source animal movement

through the facility can minimize the potential for trans-

mission of infectious agents.

Feed components should be documented and should

exclude recycled or rendered materials in order to reduce

the risk of prion-associated diseases.

To provide a high degree of assurance of product safe-

ty, animal donors and tissues should be screened at sev-

eral stages throughout the process to rule out the

presence of microbial agents. These control tests should

utilize assays that are sufficiently sensitive and specific to

detect bacteria, mycoplasma, fungi, or viruses of interest.

Donor animals should be screened for relevant diseases

before tissue procurement. Post-tissue-retrieval necrop-

sies, sentinel animal programs, and archival storage of

donor organs, tissues, blood, and other specimens also

ensure the safety of animal tissue for use in cellular ther-

apeutic applications.

In general, similar aseptic procurement issues apply to

animal and human tissues. The tissue should be obtained

under environmental conditions and controls that pro-

vide a high degree of assurance of aseptic recovery. Spe-

cifically designed procurement facilities, usually closely

associated with the animal holding facility, should be em-

ployed. Recommended design features and attributes of

the animal tissue procurement facility should include the

following: (1) staging of events such as shaving, seda-

tion, and operating room preparation in separate rooms

with appropriate environmental controls; (2) high-effi-

ciency particulate air (HEPA) filtration; (3) adjacent but

separate facilities for further tissue processing; and (4)

dedicated areas for carcass removal. Issues relating to

personnel training, bowel manipulation and puncture,

and disinfection apply to the surgical procurement of

both human and animal tissues (see Human Cells, Tissues,

or Cellular or Tissue-Based Products, above). When re-
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searchers establish animal cell lines for use as feeder layer

cells, cell banks should be created, tested, and character-

ized as described in the next section.

CELL BANK SYSTEM

A cell bank is a collection of cells obtained from pooled

cells or derived from a single cell clone or donor tissue

that is stored in bags or vials under defined conditions

that maintain genotypic and phenotypic stability. The

cell bank system usually consists of a master cell bank

(MCB) and a working cell bank (WCB), although alterna-

tive approaches are possible. The MCB is produced in ac-

cordance with cGMP and preferably is obtained from a

qualified source (one that is free from adventitious

agents) with known and documented history. Human

cells and tissues should be obtained by means of a li-

censed tissue acquisition vendor with a donor qualifica-

tion program in accordance to 21 CFR 1271. The WCB is

produced or derived by expanding one or more vials of

the MCB. The WCB, or MCB in early trials, becomes the

source of cells for every batch produced for human use.

Cell bank systems contribute greatly to production batch

consistency because the starting cell material is always

the same. However, it may not be possible or feasible

to create a cell bank, so appropriately tested and quali-

fied primary cells may be used in lieu of creation of cell

banks. The MCB and WCB should be minimally tested

for identity, sterility, purity, viability, and the presence

of viruses and mycoplasma.

CELL BANK QUALIFICATION

Cell bank safety testing and characterization are impor-

tant steps toward obtaining a uniform final product with

lot-to-lot consistency and freedom from adventitious

agents. ICH Q5A, Viral Safety Evaluation of Biotechnolo-

gy Products Derived from Cell Lines of Human or Animal

Origin, gives specific recommendations for testing cell

banks for viral agents. While this guideline is not specifi-

cally intended to cover cell or tissue-based products, the

same tests are generally applicable. Additional virus test-

ing may be needed depending on the prevalence of viral

diseases endemic in the donor population. Testing to

qualify the MCB is performed once and can be done

on an aliquot of the banked material or on cell cultures

derived from the cell bank. Specifications for qualification

of the MCB should be prospectively established. It is im-

portant to document the MCB history, the methods and

reagents used to produce the bank, and the storage con-

ditions. All the ancillary materials required for production

of the banks, such as media, sera, cytokines, growth fac-

tors, and enzymes, should also be qualified, document-

ed, and appropriately tested.

SAFETY TESTING OF MCB AND WCB

Master Cell Bank—Safety testing to qualify the MCB

includes testing to demonstrate freedom from adventi-

tious agents and endogenous viruses. The testing for ad-

ventitious agents should include tests for bacteria, fungi,

mycoplasma, and viruses. Freedom from adventitious vi-

ruses should be demonstrated using both in vitro and in

vivo test systems and appropriate species-specific tests.

Working Cell Bank—Safety testing of the WCB is less

extensive and generally focuses on the potential for intro-

duction of adventitious viruses or activation of latent vi-

rus during the additional culture required to create the

WCB. End-of-production (EOP) safety testing should also

be performed to ensure that the cells can be expanded a

known maximum number of generations while still pro-

ducing an acceptable product. For information about

which types of adventitious virus testing should be per-
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formed on the MCB, WCB, and EOP cells, consult Viral

Safety Evaluation of Biotechnology Products Derived from

Cell Lines of Human or Animal Origin h1050i.

CHARACTERIZATION OF MCB AND WCB

Characterization of the MCB and WCB includes identi-

ty testing to establish species origin, e.g., isoenzyme

analyses to confirm the human origin of the cells. How-

ever, cell bank characterization should encompass addi-

tional assessments such as the following:

� Growth kinetics and population doubling time

� Morphological assessment

� Percent confluence at passage

� Cell counts

� Viability (pre- and postcryopreservation)

� Phenotypic expression of desired and undesired cell

types (pre- and postcryopreservation)

� Monitoring of unique biochemical markers (pre- and

postcryopreservation)

� Assessments of functional activity (pre- and post-

cryopreservation)

� Gene and protein expression analysis (pre- and post-

cryopreservation)

� Expression of immune histocompatibility antigens

(HLA/MHC)

� Molecular fingerprinting

� Chromosomal stability

Biocompatible Scaffold Materials

Most natural or synthetic scaffold materials are regulat-

ed as medical devices, although scaffolds derived from

human tissues such as dermis are regulated as HCT/Ps.

When possible, use scaffolds that have previously been

approved for other clinical uses because these materials

should have already undergone extensive safety and

quality testing. For applications in cell or tissue-based

products, the scaffold material should allow cells to at-

tach, proliferate, and migrate, and high porosity is often

desired to facilitate cell seeding within the material. The

scaffold must provide adequate diffusion of nutrients for

cell health and release of cell-excreted products. The ma-

terial must have adequate mechanical strength and must

be amenable to manipulation, chemical modification,

and manufacture. The scaffold material should be bio-

compatible, relatively inert, and immunologically be-

nign.

Scaffolds can generally be classified as hard or soft.

Hard scaffolds are used in applications where a specific

shape is required, such as forming a blood vessel or a

bladder. Soft scaffolds are used in applications where

the product needs to conform flexibly to an existing

shape in the body.

Scaffold materials can be synthetic or natural polymers,

biodegradable or permanent. Biodegradation allows the

scaffold to be resorbed or removed from the body with-

out manipulation. The scaffold degradation rate must co-

incide with the rate of formation or regeneration of the

tissue. The natural scaffold structure must replace the de-

grading scaffold in such a way that it maintains the struc-

tural integrity of the tissue or organ being regenerated.

For example, a newly formed blood vessel must with-

stand both the internal blood pressure as well as external

mechanical forces.

The most commonly used synthetic biodegradable

polymer is polyglycolic acid (PGA). Polylactic acid (PLA)

is also widely used, sometimes in combination with

PGA. These polymers degrade within the body, are read-

ily removed before degradation, and have a long history

of use in suture materials. Polycaprolactum (PCL), which

exhibits a slower rate of degradation than PLA or PGA, is

used in applications that require a long presence in the

body.
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Extracellular matrix (ECM) and its derivatives are natu-

ral materials used for scaffolds in the manufacture of cell–

biomaterial combination products. Proteins such as col-

lagen or fibrin and polysaccharides such as chitosan or

glycosaminoglycans (GAGs) have also been used in

growing cells to make combination products. Collagen

is by far the most popular substrate for cells and has been

molded into scaffolds for a variety of products, mainly in

tissue-engineered skin applications. Cross-linking agents

such as glutaraldehyde and water-soluble carbodiimides

have been used to enhance the strength of natural scaf-

folds. Depending on the source of the material, natural

scaffolds can be immunogenic.

When cells must proliferate after seeding, the scaffold

and the supporting culture system must allow the ex-

change of nutrients and waste products. A thick, imper-

meable matrix will lead to regions of necrotic tissue.

Many tissue devices are designed so that they can even-

tually be removed from the patient.

The safety and biocompatibility of the scaffold and

product-contact materials must be established. A full bat-

tery of tests recommended by Biological Reactivity Tests,

In Vitro h87i, Biological Reactivity Tests, In Vivo h88i, ISO

10993, or FDA Blue Book G95-1 should be performed.

Process residuals and degradation products from the

preparation of the scaffold should be quantified and lim-

its should be established. The stability and storage condi-

tions of scaffold materials should be established.

Qualification of Ancillary Materials

Ancillary products include a wide variety of raw mate-

rials and components used in manufacturing. They may

include relatively simple materials or complex substances

such as culture media, buffers, growth factors, cytokines,

cultivation and processing components, monoclonal an-

tibodies, and cell-separation devices.

Ancillary materials are not intended to be present in

the final therapeutic product. Defined media formula-

tions typically include components such as albumin

and transferrin that are purified from animal or human

sources. The purification, processing, and extensive test-

ing of such components further minimize—but do not

eliminate—the risk of viral or microbial contamination.

Residual amounts of ancillary materials used in the man-

ufacturing process, including recombinant proteins or

other defined media components, may be potentially an-

tigenic so their removal from the final product should be

assessed, and appropriate limits should be established

when necessary.

Known risks are associated with the use of ancillary ma-

terials in the production of cell-therapy products. The

quality of ancillary materials used in the production of a

cellular therapy product can affect the safety, potency,

and purity of the product. Ideally, each ancillary material

employed in the manufacture of a cellular or tissue-ther-

apy product should be produced under conditions that

are in compliance with cGMP. However, complex or

unique substances essential for process control or pro-

duction may not be available from suppliers that produce

them in compliance with cGMP. In these situations, the

cellular or tissue-therapy product manufacturer should

develop a scientifically sound strategy for qualifying the

raw material. A qualification program for ancillary mate-

rials used in cell and tissue therapy manufacturing should

address each of the following areas: (1) identification and

selection, (2) suitability for use in manufacturing, (3)

characterization and acceptance criteria, (4) vendor

qualification, and (5) quality assurance. Lot history files

should be constructed for each ancillary material.

Conformance to established specifications should be

compared to the data supplied on the Certificate of Anal-

ysis. Traceability is essential, and lot numbers for each an-

cillary material used should be noted in the productions

records of the cell-based product. USP general informa-
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tion chapter Ancillary Materials for Cell, Gene, and Tissue-

Engineered Products h1043i should be consulted for spe-

cific information about implementing an appropriate

qualification program for these materials. Other USP

chapters provide considerations about the qualification

of specific ancillary materials (e.g., Bovine Serum

h1024i, Fetal Bovine Serum—Quality Attributes and Func-

tionality Tests h90i, and Growth Factors and Cytokines Used

in Cell Manufacturing h92i).

Qualification of Excipients

During the final steps in the manufacturing process,

excipients or substances that increase the stability of

the therapeutic cells may be included. Examples of excip-

ients include culture media, USP saline or other electro-

lyte solutions approved for injection, exogenous proteins

such as human serum albumin, or cryoprotectants such

as dimethyl sulfoxide (DMSO). Excipients are not intend-

ed to exert a direct therapeutic effect upon the patient;

rather they are intended to contribute to maintenance of

the quality attributes of the final cellular product. Be-

cause excipients will be administered to the patient along

with the cells, particular attention must be paid to their

qualification. In general, excipients that are already FDA

approved for human use should be used whenever pos-

sible. If nonapproved excipients are used, a complete

safety assessment should be done. For novel excipients

such as cryopreservation solutions, appropriately de-

signed preclinical safety studies may be needed.

MANUFACTURING OF CELL OR TISSUE-BASED

PRODUCTS

Introduction

The manufacturing of cell or tissue-based products re-

quires a number of operations and manipulations by in-

dividuals who are well trained in aseptic processing

techniques. The technical competence of the personnel

is particularly crucial to product safety and efficacy. Au-

tologous products present more challenges for cell and

tissue processing because lot segregation, line clearance,

and operational processes must be developed to de-

crease the chance of mix-up of patient-specific lots (see

Facility Design and Operation Considerations, below).

Cell Isolation and Selection

The general principles for processing human or animal

tissues following aseptic procurement are independent

of the cell or tissue source. The manufacture of cell prod-

ucts may occur at a cell manufacturing facility located in

close proximity to the clinical site or at a distant central

cell-manufacturing facility. The source cellular or tissue

material should be packaged in sterile, leak-proof con-

tainers and transported from the procurement area to

the processing area under controlled conditions that

maintain cell viability. The fluid medium in which the spe-

cimens are bathed during transportation should be opti-

mized to maintain cell and tissue viability. This transport

medium can be supplemented with antibiotics. The an-

tibiotic levels in process buffers should be decreased and

eventually eliminated during subsequent processing

steps so that antibiotics are not present in the final cellu-

lar product. In the case of blood products or tissues con-

taining substantial amounts of blood, the transport

media or buffered electrolyte solution should contain

an anticoagulant.

ISOLATION

Solid organs or tissues are usually dissected to expose a

desired region. This material may be used as is for trans-

plantation, or it may be further processed. If multicellular

organoids (for instance, islets of Langerhans) or single-

cell suspensions are desired, the tissue may be subjected
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to mechanical or enzymatic disaggregation. Physical dis-

aggregation may be accomplished by the use of instru-

ments that homogenize the material by imparting high

shear forces or breaking the tissue into smaller pieces. Al-

ternatively, the material can be pressed or passed

through screens of defined mesh sizes.

Enzymatic digestion of the extracellular connective tis-

sue is another common method for dissociating solid tis-

sue. Various enzymes are used to accomplish this,

including collagenase, dispase, trypsin, elastase, hyalu-

ronidase, papain, and chymotrypsin. Enzymes with nu-

clease activity, such as deoxyribonuclease, may be

added to digest nucleic acids released from damaged

cells, preventing excessive cell clumping. At the end of

the incubation process, the cell suspension may be sub-

jected to a mild pumping action to further break up mul-

t ice l lu lar c lusters into those of des ired s ize or

composition. Enzymatic and physical disaggregation

methods are often combined to achieve the desired re-

sult.

Because blood and bone marrow cells are inherently

suspensions, mechanical manipulation is usually limited

to plasma and aggregate removal, which is accom-

plished by centrifugation and filtration.

Cell and tissue isolation activities involving open ma-

nipulation steps should be carried out in an ISO 5 (class

100) biological safety cabinet. The environment sur-

rounding the biological safety cabinet should be suitable

to maintain aseptic processing operations. For minimally

manipulated HCT/Ps in closed systems, these environ-

ments may be controlled but unclassified. However, for

cell and tissue-based therapies that are manipulated

and manufactured under cGMPs, the environment sur-

rounding the biological safety cabinet should be con-

trolled and classified, usually as an ISO 7 (class 10,000)

clean room. Precautions should be taken to segregate

patient-specific tissue and cell isolates.

SELECTION

Cell suspensions often consist of a mixture of cell types

that may require further processing in order to isolate a

cell population of interest or to decrease the level of an

undesirable cell type such as potentially contaminating

tumor cells. Various cell isolation and separation tech-

niques provide high yields of pure cell populations.

Cell populations can be selectively enriched by varying

the force and duration of centrifugation. Separation can

also be achieved by isopycnic centrifugation in which the

cell suspension is centrifuged in a gradient medium that

encompasses all of the densities of cells in the sample.

Specifically designed continuous-flow elutriation centri-

fuges separate cell populations by subjecting a cell sus-

pension to opposite centrifugal and fluid stream forces

in a special chamber within the centrifuge rotor mecha-

nism. Cell populations separate within the rotor on the

basis of their various sizes and densities, and they are se-

lectively eluted out of the rotor chamber by increasing

the fluid stream force. Finally, other methods involve

the addition of high-density agents such as hydroxyethyl

starch to the cell suspension. Concentration and separa-

tion procedures such as these frequently result in cell loss

because of clumping and aggregation.

Cell separation can also be achieved by applying tech-

niques that take advantage of unique cytological or bio-

chemical characteristics of different cell populations.

Soybean agglutinin aggregates cells that bear a particu-

lar carbohydrate moiety expressed on mature blood

cells, but not stem cells, allowing enrichment of the stem

cells. Lymphocytes possess the CD2 antigen that acts as a

receptor for sheep red blood cells. When sheep red blood

cells are added to the cell mixture, the lymphocytes form

rosettes around the sheep red blood cells and are then

separated via differential centrifugation. Some applica-

tions take advantage of the ability of certain cell popula-

tions to adhere to the surface of specific solid substrates

such as tissue-culture plastic, collagen-coated materials,
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and natural and synthetic polymeric scaffolds. The specif-

ically bound cell type is selectively recovered onto the

surface and removed from the initial cell suspension.

Monoclonal antibodies directed against specific cell-

surface proteins can be used for both positive and nega-

tive cell selection. For example, a monoclonal antibody-

bound cell population can be removed from the cell sus-

pension after exposure to magnetic particles coated with

anti-monoclonal antibody. The magnetic particles and

their bound cells are removed from the cell suspension

magnetically. Unlabeled cell suspensions can be poured

over or incubated on surfaces such as plastic flasks or mi-

crospheres coated with monoclonal antibodies as a

means of isolating particular cell populations. In addi-

tion, a fluorescence-activated cell sorter (FACS) can be

used to separate different cell types by binding antibod-

ies tagged with fluorescent markers to a particular cell

type.

Other techniques enrich cell populations by destroying

unwanted cells. For example, certain cell-bound mono-

clonal antibodies are able to fix and activate exogenously

added complement, resulting in cell lysis. Some proce-

dures use cytotoxic agents or mitotic inhibitors to selec-

tively kill unwanted cells. These methods typically target

cell subpopulations with high growth rates, such as tu-

mor cells. Finally, an antibody can be conjugated to a

toxic moiety, such as ricin, allowing delivery of the cyto-

toxic agent to the targeted cell population. Most of these

procedures require several washing steps to ensure the

removal of the dead cells, cell fragments, and cytotoxic

agents from the final cell product.

Cell Ex Vivo Expansion and Differentiation

EX VIVO EXPANSION

A key issue for manufacturers of cell and tissue-based

products is the ability to produce and deliver a therapeu-

tically relevant dose of the required cell population to the

patient. Depending on the application, the product may

be a pure, homogeneous cell type, or it may be a mixture

of different functional cell types. Many target cell popu-

lations are present at a low level or low purity in complex

primary source tissues. In such cases, production of a

therapeutic dose may be achieved only by specific en-

richment and ex vivo expansion of the required cells.

Ex vivo expansion of cells may occur in suspension cul-

ture (e.g., T cells or hematopoietic stem and progenitor

cells), adherent culture (e.g., mesenchymal stem cells,

embryonic stem cells, induced pluripotent stem cells,

neuronal stem cells, or dermal fibroblasts), or a mixture

of both (e.g., bone marrow stroma expansion). Numer-

ous technologies exist for cell culture. Cells can be propa-

gated in tissue-culture flasks (T flasks), in roller bottles, on

polymeric scaffolds, or in nonrigid, gas-permeable bags,

usually inside incubator units controlled for temperature,

humidity, and gas composition. Multilayered, high-capa-

city cell culture systems composed of tissue culture plas-

t i c , mul t ibag sys tems, and b ioreactors us ing

microcarriers enable expansion, harvesting, and formula-

tion to be carried out in a closed system. Traditional

small-scale fermenter units can be used for expansion

of cells in suspension culture. It is also possible to expand

adherent cells in such units either by providing a surface

for attachment (microcarriers, coated beads, or disks) or

by adapting the cells to propagate in suspension culture.

Some culture systems are specifically designed for the

propagation of cells for therapeutic applications. These

tend to be closed systems that use disposable bioreactor

cartridges in automated processing units with direct con-

trol of temperature, gas composition, and media perfu-

sion rate. In some cases automated software allows

patient–donor tracking and documentation of culture

conditions and manipulations. These features are useful

in the design and implementation of QC product release

testing programs and for the QA documentation of pro-

cessing runs.
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In adherent culture, the cells are usually harvested from

the surface upon which they have expanded. Methods of

release include physical agitation, enzymatic cleavage,

and chelation of metal ions and competitive inhibition

of adhesion or matrix molecules. As described above,

consideration must be given to the source, safety, toxi-

cology, and residual testing for any reagent used to re-

lease adherent cells during manufacturing. Some

product-specific systems do not require the release of ad-

herent cells. Cells are expanded on a biocompatible syn-

thetic or natural scaffold that is then applied topically (for

example, engineered skin substitutes), or the cells are

grown inside or outside of fibers for ex vivo perfusion

(for example, hepatocytes in hollow-fiber devices to treat

liver disease).

In all cases standard cell culture parameters should be

optimized for maximum process efficiency. Such param-

eters include composition of cellular source material, ini-

tial seeding density, media composition, rate of media

exchange, temperature, gas composition, pH, and rate

of delivery. Depending on the nature of the product,

the potential effect of process parameters on the potency

and function of the target cells should be defined.

Bioreactors—Specialized bioreactors and devices are

required for manufacturing three-dimensional combina-

tion products. These bioreactors hold the biocompatible

scaffold/matrices for the manufacture of the construct.

Although the bioreactor can provide a closed system

for construct manufacturing, it creates a challenge in

providing access to the scaffold for seeding cells and

sampling for product release testing while maintaining

sterility. Bioreactors are often single-use devices that en-

sure that no cross-contamination occurs between prod-

ucts. Preferably the product will not be repackaged for

transport and delivery. For example, bioreactors may also

serve as the final container for product shipment.

Container–closure testing must be performed for all fi-

nal container–closure systems. Compatibility for steriliza-

tion of the bioreactor and the scaffold should be verified,

and the sterilization process must be validated for each

product configuration. Leachables and extractables from

product-contact materials such as bioreactors and pack-

aging components should be quantified, and limits

should be established.

In closed bioreactor systems it can be difficult to ob-

serve or sample cells. Measurement of metabolic param-

eters can provide a surrogate method that is amenable to

validation with which to evaluate the rate of proliferation

and predict when to harvest the cell product. The rela-

tionship of such parameters to the viability, potency,

and function of the cell product should be well defined.

Postexpansion purification and enrichment of target cells

by using methods such as those described above may be

required.

DIFFERENTIATION

Some cell therapies require lineage or functional differ-

entiation of the source cells. For example, hematopoietic

stem cell expansion processes normally result in products

that contain a mixture of multipotent stem cells, lineage-

committed progenitor cells, and lineage-differentiated

cells. The composition of these products can be manipu-

lated by different combinations of growth factors and cy-

tokines during the expansion process. The inverse is true

for processes in which mature cells are de-differentiated to

enable them to then be recommitted to a lineage path-

way (for example, chondrocytes in cartilage repair). Spe-

cific examples of ex vivo manipulation are the production

of antigen-specific Tcells to target various specific disease

indications or derivation of therapeutic cell types from

embryonic stem cells. Before release for clinical use, the

resulting differentiated target cells must be fully charac-

terized. Assessing the potential for de-differentiation of
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multipotent cells that have undergone differentiation

may be necessary to ensure the safety of the product.

Where the cells have been expanded and subsequently

differentiated, karyotype analysis or in vitro transforma-

tion assays may be performed to demonstrate the cells

are acceptable for clinical use.

EX VIVO GENETIC MANIPULATION

Genetic modification of cells ex vivo is a common pro-

cessing procedure that is used to alter the pattern of

gene expression in a defined population. The introduc-

tion of integrating or nonintegrating genetic materials

(DNA, RNA, siRNA) is performed in order to induce the

expression of new genes and products or to inhibit en-

dogenous gene expression. Ex vivo genetic modification

in autologous transplantation settings involves the ma-

nipulation of a harvested or expanded cell population

from a patient and subsequent readministration of the

cells to the donor. In a typical allogeneic transplant set-

ting, a stable, genetically modified cell population that

has been characterized and banked is administered to a

broad patient population. In order to control graft-ver-

sus-host disease in allogeneic bone marrow transplants,

selected donor T cells have been treated with lethal

genes such as thymidine kinase that make the cells sus-

ceptible to gancyclovir treatment after transplant. Exam-

ples of autologous genetically modified cell therapy

products include the transduction of tumor cells with cy-

tokine or other immunomodulatory genes, lymphocytes

transduced with receptors for tumor antigens, and the

introduction into harvested lymphocytes of an antiviral

ribozyme vector as a strategy to treat human immunode-

ficiency virus infection. Allogeneic cell therapy product

examples include genetically modified and irradiated tu-

mor cell lines used as tumor vaccines and encapsulated

cells transfected with a gene to express a neurotrophic

factor for localized therapeutic protein delivery in the

central nervous system.

Ex vivo genetically modified cells are considered gene

therapy. Issues associated with gene therapy products

are addressed in detail in Gene Therapy h1047i, especially

the production of the vector or genetic material used to

accomplish gene transfer, analytical testing strategies,

patient safety, and monitoring. The manufacturing, cell

processing, and process control methodologies ad-

dressed above are applicable in the procedures used for

genetic manipulation. Frequently cell populations that

are genetically modified are isolated and expanded or se-

lected before the introduction of the genetic material.

Specialized equipment and processes for introduction

of genetic material exist and must be validated and mon-

itored. Issues associated with cell banking and stability

apply to cell lines used in allogeneic cell therapy products

that are established and cryopreserved in MCBs and

WCBs. Finally, issues associated with analysis and admin-

istration of the genetically modified cell population are

discussed later in this chapter.

Formulation of Cell and Tissue-Based Products

Approaches for formulating cell and tissue-based prod-

ucts depend largely on the planned storage time for the

cells before delivery to the patient. For some cell-based

products, the time between completion of manufactur-

ing and delivery to the intended recipient can be mea-

sured on the order of hours to days. Other cell-based

products may be cryopreserved in order to extend their

shelf life. A different approach for formulating cell and tis-

sue-based products may involve the addition of a natural

or synthetic scaffold that can facilitate handling, protect-

ing the cells from immunological responses, and creating
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a specific shape that contributes to the therapeutic ef-

fect. Considerations for formulating each of these types

of cell and tissue-based products are discussed below.

NONCRYOPRESERVED CELL AND TISSUE-BASED

PRODUCTS

Products consisting of suspensions of cells for delivery

to patients within hours after the completion of manu-

facturing frequently are formulated in sterile, buffered so-

lutions suitable for direct administration. For other

noncryopreserved cell or tissue-based products exten-

sion of shelf life from hours to days may be possible by

use of solutions that contain appropriate nutrients and

antioxidants. In most cases these excipients are not in-

tended for direct administration into patients. Conse-

quently, the excipients may require removal before

delivery to the patient (see Clinical Site Preparation and

Administration). If an unapproved formulation buffer will

be administered to patients, preclinical toxicology test-

ing should be performed.

CRYOPRESERVED CELL AND TISSUE-BASED PRODUCTS

Most cell cryopreservation medium formulations are

supplemented with 5% to 10% DMSO with or without

hydroxyethyl starch (generally 6%) and a plasma protein

such as 4% to 10% human serum albumin in a balanced

salt solution. DMSO prevents dehydration by altering the

increased concentration of nonpenetrating extracellular

solutions during ice formation. The high molecular

weight polymeric hydroxyethyl solution protects the

cells from dehydration as water is incorporated into ex-

tracellular ice crystals. The use of protein often results

in maximum recovery and viability of cells after thawing.

Serum (5% to 90%) is sometimes used in place of specific

proteins. Some cryopreservation formulations are com-

pletely free of protein.

The optimal concentration of cells for cryopreservation

depends on the cell type and should be determined em-

pirically, but it generally ranges from 106 to 107 cells per

mL. The homogeneity and viability of the cell population

being cryopreserved can also differ after thawing and

should be carefully assessed. In situations where the final

cell or tissue-based product is intended to be thawed and

administered immediately, the presence of DMSO in the

formulation buffer does subject the patient to an in-

creased level of infusion-related toxicity, although this is

related to the volume administered and the final concen-

tration of the cryopreservative. Refer to section Clinical

Site Preparation and Administration for additional consid-

erations.

CELLS COMBINED WITH BIOCOMPATIBLE SCAFFOLDS

Many cell and tissue-therapy products are adminis-

tered in combination with a biocompatible scaffold. For

instance, wound healing or skin substitute products con-

tain cells seeded on a scaffold. The biochemical and

physical structure of the scaffold and the method for

combining cells with the scaffold are specific to the pro-

duct.

Cells can be loaded into a semipermeable membrane

device for delivery. Usually the pore size of the

membrane is large enough to allow the cell-secreted

therapeutic factors to pass, but it is small enough to stop

immunoglobulins and host cells from making contact

with, destroying, or mounting an immune response to

the therapeutic cells. The device can be a single hollow

fiber or a semipermeable capsule with cells inside that se-

crete therapeutic compounds, or it can be part of a larger

system of pumps and filters such as hollow-fiber modules

with hepatocytes for the treatment of liver disease.

Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1303

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



Cells can be seeded onto a three-dimensional scaffold

and allowed to propagate and form a tissue-like struc-

ture. In the resulting product, the cells are oriented in a

unique manner that is important for the intended use of

the product (e.g., skin substitutes).

Cells can be encapsulated in a gel or cross-linkable

polymer solution, and the resulting implantable structure

can serve as a culture vessel, as a means to shield the cells

from the host’s immune system, or as a way to mold cells

into a defined shape. Some of the polymers used include

alginate, hyaluronic acid, collagen, chitin, or synthetic

polymers. Encapsulated pancreatic b-islet cells have been

implanted in patients to treat diabetes. To treat urinary

incontinence, chondrocytes have been mixed with algi-

nate to form a structure upon injection.

Cells can be adhered to scaffolds of defined shape that

are then implanted. Some examples include osteogenic

precursor cells on scaffolds of demineralized cadaveric

human bone, ceramic hydroxyapatite, ceramic hydro-

xyapatite–tricalcium phosphate, or biodegradable glass,

which can be used in the repair of bone defects.

ANALYTICAL METHODS

General Considerations

The complexity and scope of cell-based therapies are

reflected in the wide range of analytical methods that

are used to establish in-process controls and final pro-

duct release criteria. Quality specifications for cell and tis-

sue products should be chosen to confirm the product’s

quality, safety, and potency. Selected tests should be pro-

duct specific and should have appropriate acceptance

criteria to ensure that the product exhibits consistent

quality parameters within acceptable levels of biological

variation, loss of activity, physicochemical changes, or

degradation throughout the product’s shelf life. The de-

velopment and setting of specifications for cell and tissue

products should follow the principles outlined in ICH

Q6B Specifications: Test Procedures and Acceptance Criteria

for Biotechnological/Biological Products.

Specifications are established on the basis of thorough

characterization of the product during the development

phase and an understanding of the process and its capa-

bility. Characterization should include measurements of

the physicochemical properties, safety, purity, process

and product-related impurities, potency, viability, sterili-

ty, and quantity. Manufacturers should develop specifica-

tions for each product developed from this information

by application of appropriate statistical methods. The da-

ta should include lots used in preclinical and clinical stu-

dies and should also include assay and process validation

data that can be correlated to stability, safety, and effica-

cy assessments.

In-process controls and specifications for the product

should be anchored by use of an appropriate reference

standard. An autologous product may rely on a reference

standard generated from processing cells or tissue from a

healthy donor or from a source that supplies cells and tis-

sues to research institutions. The reference standard en-

sures that the process, as measured by the release assays,

does not change significantly over time, and it verifies

that a test produces acceptable results, i.e. system suita-

bility requirements are met. The reference standard is

made from a lot that is produced under controlled con-

ditions and passes all in-process and final release testing.

In addition, this reference standard is subjected to an ad-

ditional level of characterization that includes tests not

normally performed for product release. The reference

standard need not be stored at the same dose, formula-

tion, or temperature as the final product. However, the

stability of this reference standard must be determined.

Alternatively, a working standard can be used. If so, in

the test it should behave like the reference standard.

Changing to a new reference standard should include

many tests, all of which are run side by side with the ex-
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isting reference standard. The impact of any change in

the properties of the new reference standard should be

carefully evaluated before it is adopted. One option for

a reference standard for a cell product with a short shelf

life or for an autologous or patient-specific application

can be a bank of normal donor cells of the appropriate

cell type. This cell bank can be used to ensure that the

manufacturing process is capable of making a consistent

product.

In-Process Controls

Manufacturing processes should have well-defined

go–no go decision criteria that are established for key

in-process manufacturing steps. In-process controls are

the assays or tests that are performed to ensure that

the in-process material is of sufficient quality and quanti-

ty to ensure manufacture of an acceptable final product.

Examples of in-process controls include:

� Enumeration and viability

� Microbiological (sterility, endotoxin, mycoplasma)

� Expression of phenotypic or genotypic markers

� Verification of morphology against visual reference

standards

� Production of a desired bioactive substance

� Determination of population doublings, passage

number, age of culture

� Assays of potential process impurities

� Monitoring of culture system parameters (% CO2,

% relative humidity, pH, glucose, lactate, etc.)

� Functional tests such as colony forming units (CFU)

and expression of cell-specific proteins.

A primary reason for establishing in-process control

tests is to ensure that the correct product with specified

quality and yield is obtained. A secondary reason for per-

forming in-process tests is to gather process and product

characterization data that can be useful in assessing the

impact of process changes or excursions. Intermediate

in-process material that fails to satisfy in-process control

criteria should not be used for further manufacturing.

This material can be reprocessed if there are procedures

in place for such activities. The reprocessed material must

satisfy the original in-process specifications, and the ef-

fect of reprocessing on other quality attributes such as

stability must be defined before the material can under-

go further manufacturing. If several sublots (e.g., cells

harvested from different culture vessels) will be pooled

for further processing, sublots that fail to satisfy specified

criteria should not be included in the pool even if the

pool containing these failed sublots would pass the in-

process assay criteria.

During clinical process development, assays for pro-

duct quality and yield should be performed after most

processing steps to determine which steps are critical

and which assays are most sensitive to deviations in the

process. Statistical process controls and critical parame-

ters should be used to establish limits for process valida-

tions and manufacturing investigations. Statistical

sampling tools should be used to ensure a valid sample

size. In-process controls should be performed for fully va-

lidated processes to ensure that the process continues to

be under control. The results of these assays should be

trended, and actions should be taken to correct pro-

blems as they arise.

Final Product Release Specifications

Cell-based therapies regulated as biological products

must comply with applicable sections of 21 CFR 211

and 21 CFR 610 to ensure their identity, purity, potency,

microbiological safety, and other essential attributes,

such as viability, are met.

Because terminal sterilization is not possible for a living

cell-based product, essentially all cell-based products are

required to meet acceptance criteria for product tests

such as sterility, mycoplasma, and endotoxin—typically,
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negative or no growth demonstrates sterility and the ab-

sence of mycoplasma, and products must demonstrate

55 endotoxin units (EU) per kilogram of patient body

weight. In the case of intrathecal injection, the specified

endotoxin limit is more stringent�0.2 EU per kilogram of

patient body weight. Adventitious virus testing is rarely

performed on the final cell-based therapy product be-

cause the source cells or cell banks and ancillary materials

of biological origin have been screened and tested for vi-

ral agents of concern before manufacturing.

For almost all other final product release criteria, such

as those for identity, purity, and potency, the analytical

procedures with methods and acceptance criteria are

specific to the individual cell-based product. Table 2 pro-

vides an overview of the expected final product release

tests for cell-based therapies and lists examples of ap-

proaches that are used to satisfy the testing require-

ments.

Table 2. Overview of Final Product Release Testing

Release Test Examples Criteria

Sterility USP h71i Negative

Mycoplasma Direct and indirect culture method (FDA Points to Con-

sider)

Negative; not detected

Endotoxin USP h85i 55 EU/kg (50.2 EU/kg intrathe-

cal)

Identity � Surface marker determination

� Isoenzyme analysis

� Genetic fingerprint

� Morphology

� Bioassay

� Biochemical marker

Product specific

Purity � Percentage of viable cells

� Percentage of cells expressing specific marker(s)

� Limits on undesired cell types

� Limits on process contaminants (e.g., serum)

Product specific

Potency � Viable cell number

� Colony-formation assay

� Change in expression of specific genes

� Secretion of desired macromolecule

� Induction of secondary effect (e.g., human

leukocyte antigen (HLA))

� Evidence of metabolic activity

� Evidence of cell function

Product specific
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Table 2. Overview of Final Product Release Testing (Continued)

Release Test Examples Criteria

Dose � Viable cell number

� Enumeration of specific cell population

� Total DNA

� Total protein

Product specific

Others � Appearance

� Morphology

� Size

Product specific

STERILITY

Cell-based products are required to comply with final

product release testing requirements, including sterility.

Sterility testing is also frequently performed in-process

to establish microbial purity for cells that require extend-

ed culturing. Suitable sterility tests include the test de-

scribed in 21 CFR 610.12 and USP general test chapter

Sterility Tests h71i. These culture-based test methods re-

quire 14 days and thus are suitable only for cell-based

therapy products that have extended shelf lives (e.g., fol-

lowing cryopreservation). Many cell-based therapies

have short shelf lives and must be delivered to patients

before the 14-day test results are available. In such situa-

tions, FDA has identified an approach that will allow the

administration of the cell-based product to patients in

this setting [see Guidance for FDA Reviewers and Sponsors:

Content and Review of Chemistry, Manufacturing, and Con-

trol (CMC) Information for Human Somatic Cell Therapy In-

vestigational New Drug Applications (INDs)]:

� In-process sterility testing on a sample taken 48 to 72

hours before final harvest or after the last refeeding

of the cultures

� A rapid microbial detection test such as a Gram stain

or other procedure on the final formulated product

� Sterility testing compliant with 21 CFR 610.12 on the

final formulated product

Under this alternative approach, the release criteria for

sterility would be based on a negative result of the Gram

stain and a no-growth result from the 48- to 72-hour in-

process sterility test. In the event that the 14-day sterility

test is determined to be positive after the product is ad-

ministered to the subject, the manufacturer is required to

report the sterility failure, results of investigation of the

cause, and any corrective actions as an amendment to

the IND within 30 calendar days after initial receipt of

the positive culture test result.

Because of concerns regarding the sensitivity of a Gram

stain and the inability to obtain full sterility results for 14

days after administration to the patient, there is wide-

spread interest in the use of rapid microbiological meth-

ods as an alternative to the 14-day culture method. This

is discussed under Alternative Test Methodologies.
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MYCOPLASMA

Mycoplasma and ureaplasma are the smallest free-liv-

ing microorganisms. Mycoplasma lacks a rigid cell wall

and ranges in size from 0.2 to 0.3 mm. Mycoplasma

can be observed as round or filamentous in cell culture

using dark-field or phase-contrast microscopy. On solid

agar, colonies of mycoplasma can range in diameter

from approximately 15 to 300 mm, and the larger colo-

nies are distinguished by a typical ‘‘fried egg’’ appear-

ance.

Mycoplasma is ubiquitous and can be isolated from

practically all mammals. Historically it has been one of

the main problems in the contamination of tissue cul-

tures. Mycoplasma tends to be fastidious and requires

preformed nucleic acids supplied by media components.

These components may be readily available in the cell

culturing materials that are employed during manufac-

turing. Mycoplasma can arise from bovine or other ani-

mal-derived culture components, cell or tissue materials

from asymptomatic patients, or possibly from operators

who shed it during manufacturing.

Testing for mycoplasma is recommended for all raw

materials derived from a human or animal source and is

required as a lot-release assay for cell-based products.

FDA has published a document (Points to Consider in

the Characterization of Cell Lines Used to Produce Biologi-

cals) describing in detail the accepted methods for the

cultivation and isolation of mycoplasma. Methods for

mycoplasma detection are also described in USP general

test chapter Mycoplasma Tests h63i. Because the classical

assay takes one month of testing to complete, alternative

methods are being developed and validated for the rapid

detection of mycoplasma. This is discussed under Alter-

native Test Methodologies.

ENDOTOXINS

Endotoxins exert a number of biological effects on the

mammalian cell membrane and can affect secretion and

cytokine production, can induce fever in recipients, or

can serve as powerful mitogens. Because of the possibil-

ity of wide-ranging biologic effects of endotoxins on cell

and tissue culture, raw materials and components used

for the manufacture of cell-based products must be as-

sessed for the presence of endotoxin as part of the raw

materials qualification process. Control of endotoxin in

the manufacture of cell therapy products is an essential

element of any quality control program.

The presence of endotoxins in products administered

to patients is a significant safety concern. USP general

test chapter Bacterial Endotoxins Test h85i describes a

number of different methods for measurement of endo-

toxins, all based on the Limulus amebocyte lysate assay.

This assay can be validated for a wide range of biophar-

maceutical products. An important feature of the assay

with respect to cell therapy products is the ability to con-

duct the assay before release of products that have short

shelf lives.

IDENTITY

Lot-release testing for cell-based products must include

an identity test. This test serves unequivocally to identify

the product. The complexity of the identity test depends

on the nature of the specific product and the array of

products being manufactured. For example, more exten-

sive and rigorous testing may be performed for an autol-

ogous cell therapy product at a manufacturing facility

where multiple patient products are manufactured by

comparison with an allogeneic cell therapy that is the on-

ly product manufactured in a facility.
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Identity tests for cell-based products must be relevant

to the cell type and manipulations applied during proces-

sing. Differential surface markers are frequently used to

ascertain product identity. Flow-cytometric immunoas-

say methods are the most common means of detecting

and quantifying these markers. Identification and quan-

titation of particular cell subsets is accomplished by mul-

tiparameter analysis, usually of size and granularity and

of one or more identity markers. Other examples of iden-

tity tests include isoenzyme analyses to confirm species

of origin, which would be desirable if the product con-

sists of xenogeneic cells. Cell morphology may be used

to distinguish specific cell types. There is also an increas-

ing trend to use genetic fingerprint technologies such as

short tandem repeats to establish the identity of cell lines

(e.g., human embryonic stem cells used to derive thera-

peutic cell types).

PURITY

Purity methods specifically quantify the intended ac-

tive product components. Impurities are either product-

or process-related residual contaminants that can be de-

tected in the final product. The requirement to test for a

particular impurity for product lot release will depend on

the following: (1) the demonstrated capability of the

manufacture and purification process to remove or inac-

tivate the impurity by process validation and (2) the tox-

icity potential or functional product impact associated

with the impurity.

Examples of process-related impurities associated with

cell therapy products include residual production-medi-

um components (e.g., serum, antibiotics, or exogenous

cytokines), ancillary materials used in downstream pro-

cessing (e.g., nucleases or proteases), and leachables

(e.g., plasticizers from tubing or culture plastic). Impuri-

ties may be bioactive (e.g., cytokines or hormones) or im-

munogenic (e.g., aggregates, degradation products, or

animal-derived proteins). Impurities may have other del-

eterious effects, depending on the dose of the product.

Product-related impurities are specific to each product

type. Examples include cell debris, presence of undiffer-

entiated cells in a cell-based product that should contain

specific types of differentiated therapeutic cells; unac-

ceptable levels of nonviable cells; replication-competent

cells in a cell product that should contain mitotically in-

activated cells; or changes in the composition of func-

tional cells following cryopreservation and thaw.

Analytical methodologies to assess purity require quanti-

tation or analytical separation of the intended product

from its impurities. Emphasis should be placed on dem-

onstrating the consistency of the product-impurity pro-

file. It may be possible to validate the manufacturing

process to the extent that specific lot-release testing for

impurities can be limited.

Testing for impurities is often extensive during product

characterization and process validation when the consis-

tency of the manufacturing and purification process is

being demonstrated. Testing for impurities as part of

lot-release testing should reflect the safety risks associat-

ed with the impurity and the ability of the process to con-

sistently remove that impurity.

POTENCY

Potency is defined under 21 CFR 600.3(s) as ‘‘the spe-

cific ability or capacity of the product, as indicated by ap-

propriate laboratory tests or by adequately controlled

clinical data obtained through the administration of the

product in the manner intended, to effect a given result.’’

Together with dose, potency defines the biological activ-

ity of each lot (see Dose-Defining Assays, below). The re-

lationship between product potency measurements

during development and manufacturing to clinical safety

and efficacy is key to their use in batch release. Potency
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may be assessed by in vitro or in vivo bioassays or a com-

bination of the two. It is not uncommon for these assays

to have coefficients of variation between 30% and 50%.

These assays require a well-defined, representative refer-

ence material that can be used as a positive control for

the assay. The positive control serves to qualify the per-

formance of an individual assay. Potency assay develop-

ment should focus on characterizing and controlling

variability. High-precision assays are effective tools in

monitoring product quality. Information about poten-

cy-assay variability should be incorporated in the stability

study design and the proposed statistical approach to as-

signment of expiration date (see Stability, below).

The types of assays that can be used to establish the

potency of a cell-based product vary widely and depend

on its unique characteristics and its shelf life. For some

cell-based products such as hematopoietic progenitor

cells, assays for product potency have been correlated

with clinical efficacy. In this case, a traditional colony-

forming assay that quantifies committed progenitor cells

such as colony-forming unit–granulocyte-macrophage

(CFU-GM) has been correlated with clinical engraftment

outcomes in some studies. For other cell-based products,

in vivo animal models of disease have been used to estab-

lish product potency. If the cell-based product releases a

bioactive macromolecule, a potency assay could be

based on units of activity released. For example, the pro-

duction of insulin in response to changes in glucose levels

could be the basis of a potency assay for cells that are in-

tended to treat diabetes.

Patient-specific products such as autologous immuno-

therapies present a challenge in demonstrating thera-

peutic activity in an in vitro or in vivo assay system.

Novel approaches to measuring potency, such as the cor-

relation of clinical outcome to other characterization

tests such as identity tests, may be appropriate and

should be discussed with regulatory authorities early in

development. For example, the ability to determine spe-

cific cell-surface identity markers by employing flow cyto-

metry techniques or vital stains may be an acceptable

measurement of potency if properly validated and corre-

lated with clinical outcome. FDA has issued guidance

that discusses the possibility of using a matrix of biolog-

ical and nonbiological assays, including both qualitative

and quantitative assays, to establish product potency. In-

formation in this guidance is particularly relevant for cell-

based products that have a short shelf life or complex

mechanisms of action or multiple biological activities

(see Guidance for Industry: Potency Tests for Cellular and

Gene Therapy Products).

A validated potency assay is typically required before

regulatory approval. During investigational clinical stu-

dies, regulators typically require that a well-defined assay

or assays intended to establish product potency should

be in place before the initiation of pivotal clinical trials.

Early implementation of one or more candidate assays in-

tended to establish product potency is strongly encour-

aged. Data from these candidate potency or functional

assays can be particularly important when assessing pro-

posed manufacturing changes, during technology trans-

fer, and in determining product stability.

DOSE-DEFINING ASSAYS

An assay that precisely measures the amount of the

product is referred to as a dose-defining assay, and it is

selected on the basis of its accuracy and precision. An as-

say that measures therapeutic activity of the product is

referred to as a potency assay and it is designed to mea-

sure product function. This type of assay is different from

a dose-defining assay. The design of the assay depends

on the type of product. In the case of drugs, assays that

measure the amount of active ingredient (dose) are re-

ferred to as strength assays. For these medicines, product

dose can be defined as the concentration or amount of

the final product administered to the patient, and it is
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typically measured as product mass. For cell-based prod-

ucts, attributes such as viable number of therapeutic cells

are often used to define the dose of the product.

Cell therapy products may be dosed on the basis of

enumeration of one or more cell populations. For prod-

ucts in the form of a homogeneous, single-cell suspen-

sion, viable cell number is the most frequently used

assay. Such assays may include enumeration of all cells,

total nucleated cells, or another subset of cells. Viability

assays are usually based on a cell’s ability to exclude a su-

pravital dye, such as trypan blue. Results are expressed as

the number of cells that exclude the dye and are there-

fore considered viable. Fluorescent compounds that bind

to nuclear proteins and are excluded by viable cells may

be incorporated into flow-cytometric methods for simul-

taneous determination of viability and cell-identity mark-

ers.

Cell counting may be performed rapidly by manual or

automated methods. Manual cell counting by visual enu-

meration of cells in a hemacytometer chamber is a read-

ily available technique with acceptable accuracy but a

lower degree of precision than most automated meth-

ods. Typical instruments for automated cell counting

provide reproducible enumeration of nonnucleated cells

(e.g., erythrocytes and platelets) and nucleated cells and

differential counting of the nucleated cells into mononu-

clear and polymorphonuclear leukocyte populations.

Further discrimination of specific cell populations usually

requires cell-surface phenotype analysis by flow cyto-

metric or other methods (see Identity above). The pro-

portion of a specific subpopulation of cells may be

determined by FACS analysis or by flow cytometry. An

example of a cell enumeration assay is the enumeration

of CD34-positive (CD34+) hematopoietic progenitor

cells.

For products that contain cells in a nonhomogeneous

suspension, such as cells that are combined with a bio-

material (e.g., a scaffold), alternative measures have

been used for cell enumeration, including total area of

a cell sheet, wet weight, total protein, and total DNA. If

such measures are used to determine product dose, then

supplemental tests should be performed to establish re-

levance.

Considerations for Release Testing of Cell–

Biomaterial Constructs

For some cell-based products such as cells combined

with biomaterials to form combination products, it may

not be feasible to directly test the cell–biomaterial con-

struct. This is frequently the case when autologous cells

are involved and the cell–biomaterial construct consists

of a single unit and sampling of the construct is not fea-

sible. In such cases, the individual components are tested

before they are combined, and the final construct is not

subjected to direct testing. Indirect measures such as

sampling of the culture media can be employed to ad-

dress regulatory requirements. The quality and stability

of the formulated cell–biomaterial construct and rele-

vance of indirect measures must be established by valida-

tion studies during product development.

Sampling Issues

As required by GMPs, product samples must be re-

tained after release testing is completed. If rapid-release

strategies are employed, manufacturers may need to re-

tain additional samples so that product quality can be re-

assessed by alternative or traditional test methodologies

if necessary.
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Sampling for lot-release testing should be based on the

potential distribution for the parameter tested. See Sta-

bility Protocol Development (below) for additional consid-

erations. Samples from each lot should be retained in

case there is a safety or quality issue with the lot. Even

if the product has a very short shelf life, these retained

samples can be used to detect impurities and other sub-

stances. The need for proper design of the sampling plan

deserves special consideration. In such cases, process va-

lidation will assist in determining the appropriate statisti-

cally based sampling design.

Alternative Test Methodologies

As described under Final Product Release Specifications

(above), cell-based therapies must undergo testing for

sterility, mycoplasma, and endotoxin. Additional accep-

tance criteria for tests relating to identity, purity, potency,

dose, and other relevant characteristics must be met be-

fore clinical use. With the exception of sterility, mycoplas-

ma, and endotoxin, most of the test procedures and their

underlying methods used to ensure that the final product

meets release acceptance criteria are unique to the pro-

duct and can be adapted to meet the specific character-

istics and applications of the cell-based product. In

general, test methods should be developed based on

the best available science and should be suitable for

use in a GMP manufacturing environment. The assays

should be robust, reliable, and capable of being validated

and should provide results before release for clinical use.

Validation of Compendial Procedures h1225i provides basic

considerations for methods validation.

For some cell-based therapies, the sample size and vol-

ume of material required for testing or the length of time

necessary to obtain test results can consume significant

amounts of the final product, or the time required for ob-

taining results may exceed the product’s shelf life—or

both. This creates problems with the available supply of

product to treat patients and in other situations pre-

cludes the possibility of obtaining results before adminis-

tration to patients. This is a particular problem for the

compendial sterility test as well as the FDA-recom-

mended broth-agar culture method for mycoplasma.

Consequently, both industry and regulatory authorities

have shown considerable interest in facilitating the devel-

opment of alternative test methods for both sterility and

mycoplasma.

FDA regulations for biological products specifically ad-

dress the use of equivalent methods provided they en-

sure that the safety, purity, potency, and effectiveness

of the biological product is equal to or greater than the

assurances provided by the specified method (21 CFR

610.9). Some of the available alternative test methods

for sterility and mycoplasma are describe below.

The range of available technologies is broad and con-

tinues to be developed by assay designers for use in the

cell therapy industry. Attributes that should be included

in any review of proposed technology include accuracy

for the intended purpose, speed in productivity, cost, ac-

ceptability by the scientific community and regulatory

agencies, simplicity of operation, training requirements

and reagents, the reputation of the vendor, technical ser-

vices provided by the vendor, and, finally, utility and

space requirements.

Validation of these test methods and demonstration of

equivalence as described in 21 CFR 610.9 are required at

the time of biologics license application (BLA) or a pre-

market approval (PMA) submission.
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STERILITY

Detection platforms for alternative microbiological

methods have been generally based on growth, viability,

artifacts, or nucleic acids. Growth-based technologies

use either biochemical or physiological measures that re-

flect the growth of microorganisms. Test samples are

transferred to traditional or enhanced media formula-

tions that encourage microbial proliferation, and micro-

b i a l g r o w t h i s d e t e c t e d c h e m i c a l l y o r

spectrophotometrically. The primary advantage of these

systems is the automated nature of the test results and

recovery of microorganisms for failure investigations

and other microbial characterization methodologies.

FDA has published guidance for validation of growth-

based rapid microbiological methods (Guidance for In-

dustry: Validation of Growth-Based Rapid Microbiological

Methods for Sterility Testing of Cellular and Gene Therapy

Products, CBER, 2008). Principles of validation of alterna-

tive microbiological methods are also described in USP

chapter Validation of Alternative Microbiological Methods

h1223i.

Viability-based technologies do not require cells to

grow. These technologies are based on detecting the

presence of individual living contaminants by vital dyes,

stains, or cell-surface markers. Cells labeled by a specific

fluorochrome metabolic substrate are collected on a

membrane for detection.

Artifact-based technologies analyze cellular compo-

nents or molecular probes that are designed specifically

for a particular microbial species. For example, individual

species can be characterized by unique patterns of fatty

acid composition after samples of whole cells have been

saponified to induce the formation of methyl esters. Oth-

er technologies use time-of-flight mass spectrometry.

Nucleic acid technologies (NAT) are based on polymer-

ase chain reaction (PCR) DNA amplification, 16s or 23s

rRNA typing, and gene sequencing. Some technologies

identify microorganisms by sequencing a portion of the

chromosome of an unknown organism and comparing

the sequence of 16s rRNA to a database. This technology

is capable of identifying fungi, mycoplasma, and bacte-

ria, including slow growers and nonfermenters. For more

details on PCR-based methods, see the USP chapter Nu-

cleic Acid-Based Techniques—Amplification h1127i.

MYCOPLASMA

Compendial testing methodologies for mycoplasma

are growth based in agar and broth cultures and require

at least 28 days to monitor appropriately the presence of

mycoplasma contamination. Because of this limitation, a

number of rapid mycoplasma testing technologies have

been developed based on nucleic acid amplification

techniques such as PCR, as well as nonamplified nucleic

acid hybridization assays, ELISA, and enzyme-based as-

says.

QUALITY SYSTEMS

Quality systems weave together the various aspects of

manufacturing. Quality control (QC) and quality assur-

ance (QA) programs should exert control over the man-

ufacturing facilities, the manufacturing process, the

validation efforts, and all testing of the raw materials,

in-process material, bulk product, and final formulated

product. Training and certification programs are central

to maintaining a technically competent manufacturing

staff. A documentation program should be implemented

to support all manufacturing, training, validation, and

quality operations. Changes to processes and procedures

should follow a formal program based on well-estab-

lished change control principles.

When allogeneic human cells or tissues are used as the

source material for the manufacturing of cell or tissue-

based product, cell or tissue donors should undergo ap-

propriate screening and testing (see Donor Eligibility,
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above). In all cases the source human cells and tissue

must be handled in accordance with GTP as described

in 21 CFR 1271.

In addition to GTPs, cGMP as outlined by FDA in 21

CFR 210, 211, 600s (especially 21 CFR 610), and 820

and also discussed in Biotechnology-Derived Articles

h1045i apply to the manufacturing of cell and tissue-

based products that are subject to premarket approval.

The manufacturing facility, equipment and process, raw

materials, quality systems, and trained personnel are

some of the key elements of cGMP. GMPs apply through-

out the clinical development to both the manufacturing

process and facility. The extent of control increases as cli-

nical development progresses, and full cGMP compli-

ance is expected by the time Phase III clinical trial(s)

begin.

Data obtained from in-process and final product re-

lease testing should be monitored. Results that are out

of specification (OOS), or even those that are out of

trend, must be investigated before disposition of the ma-

terial. FDA’s Guidance for Industry: Investigating Out-of-

Specification (OOS) Test Results for Pharmaceutical Produc-

tion (October 2006) provides a systematic approach for

conducting an investigation. An assay result can be re-

jected if it can be confirmed that an error, such as an an-

alyst error, calculation error, or equipment failure, has

taken place. If the investigation concludes that results

of tests of the product do not fall with specified accep-

tance criteria, the lot should be rejected. In some situa-

tions, especially with autologous or allogeneic patient-

specific product, a product that does not meet all speci-

fications or that has only incomplete test results may

have to be administered to a patient as a life-saving mea-

sure. However, procedures must be in place to govern

the communication of the OOS results to the physician

or to the person responsible for making the decision to

use the product and to provide instruction for any fol-

low-up testing, patient monitoring, and communication

of those results to all parties, including regulatory author-

ities.

As discussed earlier an effective risk-management ap-

proach at the earliest stages of product development

can ensure the highest quality of a cell-based product

by providing a proactive measure to identify and miti-

gate potential quality issues. The probability for failure

in cell therapy products can arise from a number of

sources including personnel errors, aseptic processing

failures, equipment failures, facilities and utilities failures,

cleaning, disinfection, and component and raw material

failures. A proactive understanding of risk can lead to im-

proved decision making if a quality problem arises. Effec-

tive risk management can facilitate better and more

informed decisions and may provide regulators with

greater assurance of a developer’s ability to deal with po-

tential risks. Such assurance can affect the extent and le-

vel of direct regulatory overs ight. Qual i ty r isk

management can be integrated into key parts of the

quality system such as change management, Corrective

and Preventive Action (CAPA), GMPs, validation, etc.,

and can be used to establish meaningful specifications

and Critical Process Parameters (CPPs) to ensure that

the quality attributes are met.

Risk analysis is qualitative in nature. It can be achieved

by using experience and process knowledge to define

risk categories that can form the basis of a system of risk

assessment and mitigation after the identification of

manufacturing errors. For example, it is common prac-

tice to develop nonconformance or deviation risk assess-

ment categories that can be incorporated into a

nonconformance or failure investigation procedure.

The categories are particularly useful if the risk assess-

ment must be expedited to facilitate a CAPA. As an exam-

ple, Risk Levels 1 through 4 are defined below and can be

adopted as one means of conducting a preliminary risk

assessment:
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RISK LEVEL 1: Technicality—Poses no risk to the pa-

tient and does not impact the safety and effective-

ness of the product. Example: A missing signature

on a batch record.

RISK LEVEL 2: Alert—May pose a safety risk to the

patient or may have a potential impact on the safety

and efficacy of the product. Compliance must be re-

established with appropriate justification to proceed

after submission to QA for review and approval. Ex-

ample: Digestion time for biopsy processing falls out-

side a defined range.

RISK LEVEL 3: Do not ship/reject lot—May pose a

safety risk to the patient or impair the efficacy of

the product even after corrective action. Shipment

is not permitted. Example: Cultures fail to demon-

strate adequate cell growth.

RISK LEVEL 4: Post-distribution Event—May pose a

safety risk to the patient or a potential impact on

the safety, potency, or purity of the product. The

safety signal is identified after product distribution.

Example: Failed sterility test occurred after distribu-

tion of product.

FACILITY DESIGN AND OPERATION

CONSIDERATIONS

Manufacturing facilities for cell and tissue therapy

products must be carefully designed to maintain GMP

aseptic processing operations while also accommodating

any unique aspects of the product. Incoming cells or tis-

sue can have bioburden and other contaminants and

may need to be received and processed in a segregated

area under quarantine to avoid compromising the main

facility. Also, tissue processing to obtain cells of interest

may require specialized equipment and processes that

should be considered during the facility design and sub-

sequent operations. For manufacture of combination

products involving biocompatible scaffolds, the facility

may need to be capable of handling operations that in-

volve chemical processing, handling, and disposal. This

may place constraints on the design of the facility, espe-

cially air-handling systems in clean room environments.

Although the primary emphasis in manufacturing a cell

or tissue-based product is protection of the product from

inadvertent contamination, risk to the manufacturing

operator must be assessed and minimized by appropriate

training for handling blood-borne pathogens and the

use of equipment/protective clothing. Protection of the

operator and aseptic processing are complementary

and include the use of certified biological safety cabinets

and aseptic protective clothing consisting of gowns,

gloves, sleeves, surgical masks, eye protection, and head

coverings. Human tissue should be obtained under envi-

ronmental conditions and controls that provide a high

degree of assurance for aseptic recovery.

The degree of control required for cell and tissue pro-

cessing operations depends on a number of factors, in-

cluding the complexity of the aseptic manufacturing

process, the primary site of manufacturing, and the final

product shelf life. Manufacturing processes that involve

open manipulation of cells, even in a biological safety

cabinet, are at greater risk of contamination than are pro-

cesses done in closed bioreactors or bag systems that use

sterile connections and tube-sealing devices. Typically,

ISO 7 (class 10,000) clean rooms and ISO 5 (class 100)

biological safety cabinets are essential components for

cell therapy manufacturing processes, especially those

that involve open manipulations.

The controlled environment of a carefully designed,

constructed, validated, and maintained clean room can

minimize the risks of environmental contamination dur-

ing aseptic processing and decrease the possibility of

cross-contamination of patient-specific products. The

differential pressures between classified manufacturing

should comply with the September 2004 guidance doc-

ument, Sterile Drug Products Produced by Aseptic Proces-

sing—Current Good Manufacturing Practice. The facility

Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1315

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



and processing areas should be monitored for air quality

in a manner that provides a high level of process asepsis.

For guidance in this area, see Microbiological Evaluation of

Clean Rooms and Other Controlled Environments h1116i.

Facility cleaning, component and product segrega-

tion, and sanitization procedures must be in place to

avoid microbial contamination and cross-contamination

between lots produced in the facility.

Cell or tissue products based on autologous cells add

another level of complexity to the manufacturing facility

design and operation. For autologous products one pro-

duct lot is made for each person, and complete segrega-

tion during manufacturing is needed. Unlike facility

designs for allogeneic products, which are based on vol-

ume scale-up to achieve maximum manufacturing effi-

ciency, facilities for autologous products require unit

scale-up (scale out), which must be considered in the de-

sign and operation of the facility. Automation can be

used effectively to manage repetitive manual manipula-

tion of cells. The initial scale of operation may not justify

an upfront capital investment in automation but should

be considered as manufacturing operations increase in

size.

Product segregation in the facility is another key con-

sideration for design and operation. Labeling and QA

oversight are traditionally used for tracking and segrega-

tion. Techniques such as bar-coding and radio-frequency

(RF) tags can be used for product tracking and segrega-

tion. For guidance in this area see 21 CFR 211.42,

211.113, 1271, and FDA’s September, 2004 Guidance

for Industry: Sterile Drug Products Produced by Aseptic Pro-

cessing—Current Good Manufacturing Practice.

Manufacturing equipment should be robust, should

provide consistent product, and should allow periodic

calibration and preventive maintenance. Qualification is

necessary for equipment from which critical process par-

ameters or measurements are derived. In most cases, this

includes the software that controls the equipment or sys-

tem’s operation. Critical equipment such as incubators

and freezers need to be fitted with alarm systems that

can remotely signal failure. Additionally, critical equip-

ment should be connected to an emergency back-up

generator, and the generator should be tested periodi-

cally to verify its operational state.

CONSIDERATIONS FOR VALIDATION AND

QUALIFICATION

The principles of validation recommended by ICH and

FDA guidance documents and USP chapters h1225i and

Validation of Microbial Recovery from Pharmacopeial Arti-

cles h1227i apply to cell or tissue-based products. Biolog-

ical variation in the source cells and tissues used to create

most cell or tissue-based therapies may affect validation

efforts.

Validation activities should include risk assessments,

training and personnel qualification, equipment and fa-

cilities qualifications, analytical methods validation, asep-

tic processing, the manufacturing process, and cleaning.

Process validation should take into account safety, con-

sistency (process and step yields, clearance of impurities),

robustness (operator-to-operator, day-to-day), and final

product quality (identity, purity, potency). Analytical

methods used to assess the process should be validated

or well qualified.

Process validation for patient-specific products such as

autologous cell and tissue products presents some

unique issues. First, the starting materials for patient-spe-

cific products typically arise from patient or matched do-

nor materials such as biopsy material, apheresis

products, scrap tissues from surgical procedures, and ca-

daver organs that do not qualify for transplantation. The

process may require manufacturers to accept a range in

the quality and quantity of starting material and yet still

produce a final product that satisfies release testing. Sec-

ond, manual processing of cells and tissues exhibit a de-

gree of inherent variability. Processing steps should be
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developed that successfully and consistently result in ap-

propriate process components and final product, even if

the process relies on nonstandard or variable tissue ma-

terials. Process validation should take this variability into

consideration and should ensure that critical manufac-

turing and testing endpoints consistently meet specifica-

tions.

Aseptic process validations should be performed using

microbiological media to show that the manufacturing

staff can execute the procedures and produce a product

free of microbial contamination. Procedures intended to

maintain segregation during manufacturing should be

challenged to verify that there is minimal opportunity

for cross-contamination or mix ups among different pa-

tient product lots.

Depending on the variability in the source cells or tis-

sues and the complexity of the manufacturing process, it

may be necessary to manufacture more than three qual-

ification lots to verify the consistency and the robustness

of the manufacturing process. Not every manufacturing

effort will be successful for autologous and patient-spe-

cific therapies. However, the success rate should be es-

tablished and tracked to enable manufacturers to

discover any decrease in that rate and to take actions

to correct the problem. Well-characterized banked pri-

mary cells may be used in the validation of the process

if the donors have a range of profiles expected for the pa-

tient population. Trending of a number of statistically ac-

ceptable product administ rat ions can also be

appropriate.

Equipment and facility cleaning validations should be

performed to demonstrate the efficacy of cleaning

agents on standard microbial and fungal contaminants

as well as environmental contaminants isolated from

the manufacturing facility. Measurement of residual

cleaning agents should be addressed in equipment

cleaning validations. Equipment, facilities, and electronic

monitoring and control systems such as building moni-

toring and inventory control systems should be vali-

dated.

Analytical and manufacturing equipment and methods

should be validated following the principles described in

h1225i in addition to guidance documents issued by ICH

(see Q2 R1). Training plans should be established, and

personnel qualifications should be performed. Tissue

transport and product shipping validations should be

performed.

CLINICAL SITE PREPARATION AND

ADMINISTRATION

General Considerations

Before administration of some cell or tissue-based

products, one or more product modifications or prepara-

tive steps may be required. These modifications or steps

are frequently performed close to the time of administra-

tion, and, therefore, they are not under the control of the

original manufacturer. The nature of these modifications

is largely dictated by characteristics of the product.

Preparative steps may include thawing, washing, or fil-

tration to remove unwanted cells or substances accumu-

lated during storage, transfer to an infusible solution, or

formulation with a vehicle or structural material such as a

scaffold. In addition, patient considerations, such as the

need to dose or modify the product according to the pa-

tient’s anatomical structure, weight, or blood volume

may influence these steps.

At the clinical site, additional procedures and process

controls must be established for all product storage inter-

vals, transport steps, and modifications, starting with a

clear definition of critical control points. Operational re-

quirements include designation of a physical space suit-

able for aseptic handling, such as an ISO 5 (class 100)

biological safety cabinet, trained personnel, detailed

standard operating procedures, and quality oversight.
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The unique and irreplaceable nature of many cell or

tissue-based products heightens the need for well-estab-

lished procedures for clinical site preparation and admin-

istration.

Product Manipulations

Before administration of medical products that contain

cells, on-site preparation may involve one or more ma-

nipulations. Typical manipulations include the following:

Change in Final Container—The manufactured

product may have been stored or transported in

one container and may require transfer to a different

container for administration.

Change in Physical State or Temperature—A

product may require thawing or warming.

Change in Solution or Suspension—A product

may have to be dissolved, diluted, or suspended in

a liquid.

Combination with a Biomaterial—Therapeutic

cells may require combination with a scaffold mate-

rial such as decellularized extracellular matrix sheets,

gels, plugs, capsules, sponges, particles, or granules.

In other cases, cells can be added to an existing med-

ical device such as a hollow-fiber filtration unit before

use.

Admixture or Compounding—For some cell

products, mixing or compounding at the clinical site

may be necessary.

Filtration or Washing—The presence of un-

wanted materials in the manufactured product, such

as particulates, cellular debris, metabolites, or com-

pounds remaining from previous manipulations,

may require washing or filtration steps.

Sampling—Sampling of the final product before

administration may be required to test the final for-

mulation.

Clinical Site Facility Considerations

Facility requirements for performing on-site prepara-

tive steps or administration of cell therapy products de-

pend on the products and the manipulations required.

The most important determinant of facility features is

the level of risk for microbial contamination associated

with each step. See Pharmaceutical Compounding—Sterile

Preparations h797i for guidance that relates the type of

manipulation and levels of environmental control need-

ed to ensure aseptic handling.

Thawing Cell-Based Products

Thawing is performed rapidly. If a small number of cells

will be reinfused or transplanted, DMSO does not need

to be removed from the suspension because most cell

preparations can be concentrated adequately to keep

the DMSO concentration within tolerable limits. DMSO

use has two effects on cells after thawing: Cells may

clump if damaged, and DMSO reduces cell viability in

minutes. If the DMSO must be removed or cells must

be concentrated for administration, the thawed cell sus-

pension is generally serially diluted (to avoid osmotic

shock) and resuspended in a protein-containing medi-

um. Cell viability and potency may be monitored after

thawing, but the information is frequently intended only

to gather information rather than as a specification that

must be met for clinical use of the cellular product.

Some cell therapy products require that the product be

shipped fresh (i.e., not frozen). In certain situations cellu-

lar components are stored frozen but are thawed and ap-

plied to scaffolds at the manufacturing site just before

shipment at ambient or refrigerator temperatures. Com-

bination products composed of cells on a scaffold may

require shipping at higher than refrigerated tempera-

tures (i.e., room temperature) to avoid dislodging cells

from the scaffold. Because the fresh product is metaboli-

cally active, the shipping container must be designed
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and validated to maintain the metabolic activity of the

product in addition to the standard shipping validation

testing. Metabolism can be slowed down by lowering

the shipping temperature, but this requires reliable tem-

perature control during shipment. Because shipping

containers depend somewhat on the outside tempera-

ture, the shipping container must be validated to main-

tain strict temperature control in all weather conditions.

Additional Release Testing of Clinical Site-

Manipulated Cell Products

Cell therapy products that undergo preparative steps

or manipulations at clinical sites must be subjected to ap-

propriate checks or tests to ensure that all quality speci-

fi ca t i on s a r e me t be fo r e r e l e a s e fo r pa t i en t

administration. The nature and extent of manipulations

determines whether additional release requirements or

critical specifications must be added to those required

immediately after initial manufacture.

Prerelease steps usually include the following:

� Physical inspection of the product, including pro-

duct appearance (color, turbidity, particulates, or for-

eign matter), container integrity, temperature, and

accuracy and convenience of labeling

� Review of process records and/or certificate of anal-

ysis

� For patient-specific products, verification of product

labeling and records related to identity of the intend-

ed recipient

High-risk products (defined in h797i) should undergo

additional testing. For all high-risk products, assess the

need for and, as appropriate, perform additional quality

assays for the identity, potency, and purity of the active

ingredients. For high-risk products in Category II, per-

form sterility and endotoxin testing.

Administration to Patients

Depending on the specific cell or tissue therapy appli-

cation, patient-care staff may be required to take certain

steps to prepare the patient. These steps help ensure that

the product will provide the intended therapeutic out-

come and help minimize the risk of adverse effects.

Determination of patient suitability for the therapy, in-

cluding histocompatibility evaluation, typically occurs

before the product is prepared. A patient’s clinical status

can change after tissue collection (because of fever, infec-

tion, recurrence or spread of tumors, or organ dysfunc-

tion), so the patient’s general condition and suitability for

therapy should be reviewed before product administra-

tion. This evaluation may include a patient history, phys-

ical examination, and laboratory studies such as blood

counts and chemistries. In addition, relevant baseline

physical or functional measurements, laboratory tests,

or imaging studies may be obtained.

Depending on the route of administration, the patient

may require preparation before treatment. For cellular

therapies that require intravenous administration, pa-

tients with impaired peripheral circulation may require

placement of a central venous catheter. When cells or tis-

sues combined with structural materials are implanted in-

to the patient, the site requires preparation. This may

involve establishing surgical access to the site, removing

degenerated or damaged tissue, trimming adjacent tis-

sue to accommodate the implant, and excising tissue

from a second site for anchorage or support for the im-

plant. For instance, in the case of cell products for wound

healing, the site for grafting must be free from infection

and must have a well-prepared wound bed. For cells to

repair cartilage defects, the site of damage needs to be

prepared. Before direct therapeutic administration into

an organ system (e.g., the bronchioalveolar system) or

vascular network (e.g., coronary arteries), the patient

may require surgical, endoscopic, or radiographically di-

rected catheter access.
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In all cases, adequate anesthesia and premedication

must be carefully evaluated. For example, if DMSO will

remain in a thawed, cryopreserved cellular product, the

patient may be given an antihistamine before adminis-

tration. Pre-administration evaluation must also include

assessment of concurrent therapies that may interact

with the cell or tissue-therapy product to modify its ef-

fects. Some therapies may be adjunctive to the cell or tis-

sue therapy, such as cytokines that promote proliferation

or differentiation of the infused or implanted tissue. Oth-

er commonly used drugs such as antibiotics, antineoplas-

tics, anticoagulants, and anti-inflammatory agents must

be evaluated for possible effects.

DELIVERY OF CELL-BASED THERAPY TO PATIENTS

Some cell or tissue therapy products are patient specif-

ic because they are manufactured from a selected autol-

ogous or allogeneic tissue source, cells, or tissue. Certain

patient-specific products have a defined potential for

benefit or adverse immunoreactivity. Systems must be

in place to prevent administration of such a product to

the wrong patient. Recommended systems include pro-

cedures similar to those used for administration of hu-

man blood products, and at least two people should

verify the identity of the patient and patient-specific pro-

duct immediately before administration.

Cell and tissue therapy products can be administered

by a variety of routes, including the common parenteral

routes (intravenous, subcutaneous, intramuscular, and

intra-arterial) and the respiratory or gastrointestinal tract.

Other possibilities include direct application into regional

vasculature, organs, tissues, or body cavities by means of

needles or catheters or following surgical exposure of the

tissue. Although parenteral administration can be ac-

complished in routine outpatient or inpatient facilities,

the other means of administration may require special-

ized facilities such as an aseptic operating theater or en-

doscopic suite. A variety of delivery systems such as

catheters, syringes, and IV lines are frequently used to ad-

minister cells to patients. Before clinical use manufactur-

ers should ensure that these medical device components

are compatible with the cells and formulation solutions.

In all cases, standard operating procedures and a quality

program must be in place to ensure that the product is

administered in the intended manner.

POST-ADMINISTRATION MONITORING

Written policies and procedures for monitoring patient

outcomes and for reporting and managing adverse

events should be in place. Patient outcome assessments

should include indicators that are likely to detect errors or

problems related to the entire manufacturing process,

and special attention should be given to manipulations,

storage, or transportation after manufacturing. Manage-

ment of adverse reactions should include procedures for

ensuring prompt medical evaluation and treatment of

patients and a system for reporting and evaluating ad-

verse effects that may identify potential product defects.

Reporting includes information required for federal or

state adverse-event monitoring programs.

STABILITY

General Considerations

The stability of cell or tissue products and the compo-

nents used to create them will vary depending on the na-

ture of the product, its intended clinical use, its specific

attributes, and storage, packaging, and shipping condi-

tions. For this reason, comprehensive guidelines covering

a broad array of products are usually not possible. In all

cases stability studies should be based of scientifically

sound principles and a comprehensive understanding

of the final therapeutic product and its intended use.

Manufacturers also should assess the stability of in-pro-
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cess hold steps, cell banks, critical raw materials, and ref-

erence standards. A well-designed and executed stability

program provides a high degree of assurance that the

product is stable during its specified shelf life.

Where feasible, stability testing should be carried out in

accordance with the principles described in ICH guide-

line Q5C, presented in Quality of Biotechnological Prod-

ucts: Stability Testing of Biotechnological/Biological

Products h1049i. Stability data should also be collected

for bulk and other in-process materials that are stored be-

fore final processing and filling.

Depending on the formulation used and storage con-

ditions, shelf life can vary from hours to years. If a product

has a short shelf life or if a product stabilizer must be re-

moved, the final formulation may require preparation at

the clinic just before administration. Instability is fre-

quently observed as aggregation in cell products and

as structural nonuniformity in tissue products. The stabil-

ity of the final cell or tissue product must be established

by validation studies during development.

For some cell and tissue products such as autologous or

patient-specific cell products, final lots tend to have small

volumes and perhaps shelf lives of only a few hours or

days. In such cases, stability protocols should be based

on materials from multiple donors. Because it is frequent-

ly difficult to obtain sufficient cells or tissues from autol-

ogous or patient-specific products, cells or tissues from

several sources such as normal donors, research tissue re-

positories, cadaveric sources, or well-characterized

banked primary cells can be used in stability studies to

validate storage, shipping, and expiration dating. How-

ever, the results obtained with such ‘‘surrogate’’ cells or

tissues must be interpreted cautiously and conservatively

until data confirm that the actual autologous or patient-

specific cells exhibit stability profiles that are similar to

those of the surrogate cells or tissue.

For combination products that include cells and bio-

materials, the stability of both components must be con-

sidered. When biodegradable scaffold materials are

present, scaffold degradation should be considered in

determining the stability and shelf life of the combination

product.

Stability Protocol Development

Formal stability studies to support licensure and early-

phase product stability information gathering should be

detailed in a written plan that describes how stability da-

ta will be collected and analyzed to support the expira-

t ion date. Protocols should fo l low the format

recommended in existing regulatory guidelines and

should include the scope, storage conditions, and num-

ber of lots to be tested, test schedule, assays, data anal-

ysis, and product specifications. Any assay used in a

formal stability study for licensure must be validated be-

fore the study begins. The specific study design should

take into account the reasonably expected challenges

the product may encounter. For instance, if the final pro-

duct formulation is performed at the clinical site, stability

studies on this final formulation should establish the time

frame and conditions under which the product can be

held. For cryopreserved cells or tissues, stability should

be established following cryopreservation of the final

product, in-process intermediates, or any hold step.

Stability studies must verify that the storage conditions

maintain the quality attributes of the product so that the

latter complies with stability specifications. These specifi-

cations may differ from release specifications, but they

must address product potency. Measuring and calculat-

ing the decay of product activity by employing statistical

methodologies may require frequent sampling during an

extended period and may require analysis of multiple

production lots to compensate for the variability of the

assays or products.
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Initial studies to establish a provisional expiration date

must be conducted before administration to the first pa-

tient. Initial studies are also useful for determining which

assays are stability indicating, that is, the best indicators

of product degradation. Because existing compendial

methods do not address the unique characteristics of

all cell and tissue products, manufacturers should devel-

op assays that address these unique characteristics.

Shipping validations are a special type of stability study

with predetermined protocols, testing requirements, and

acceptance criteria. Typically, the product is packaged

and shipped under normal and extreme conditions,

and the material is tested before and after shipping to en-

sure that it still meets the product release requirements.

As described in Storage and Shipping (below), special at-

tention must be given to the specific thermal, mechani-

cal, and radiological stresses products will l ikely

encounter.

Stability Challenge Conditions

The stability-indicating profile of a cell or tissue product

may vary with time under the influence of a wide variety

of environmental conditions, including temperature, me-

chanical stress, and light. Multifactorial degradation

pathways must be considered in the development of a

program to investigate the effects of these parameters

on product stability. Based on risk assessment, studies

should include conditions that are outside of the speci-

fied storage ranges, that is, challenge conditions such

as those encountered during periods of abnormal stor-

age, shipping, or handling. Examples include brief incu-

bator malfunctions, incubator or cold storage failure,

periods of extreme temperature fluctuation caused by

shipping to hot or cold climates, hypobaric conditions

in the cargo hold of a commercial airliner, or tempera-

tures likely to be encountered in the surgical suite.

A short exposure to an environmental condition well

outside of an established limit and a long exposure to

one just outside of an established limit may be equally

detrimental. The slow and constant rate of product de-

gradation at a specified temperature may increase if a dif-

ferent set of storage conditions is applied. The effect of

light on the stability-indicating profile should be investi-

gated if it is scientifically warranted. Special attention

should be given to products stored in fluids containing

light-sensitive or -reactive components that may give rise

to cytotoxic by-products.

Studies analogous to accelerated aging studies typical-

ly used in pharmaceutical stability-monitoring programs

are also useful to characterize how the product degrades

and which assays are stability indicating. For example, if a

cell-based product will be held under refrigeration (48–

68) until use, then studies performed while holding the

product for extended times at room temperature (258)

may provide useful information about product integrity

as well as the analytical methods used. Such studies

should be performed before formal stability studies begin

so that the formal studies incorporate the validated sta-

bility-indicating assays into the protocol.

STORAGE AND SHIPPING

General Considerations

Storage conditions are chosen to preserve the purity

and potency of the product so that the specifications

for the product are maintained throughout storage, ship-

ping, and handling at the clinic. Before clinical trial use,

initial studies must be conducted to determine accept-

able storage, shipping, and handling conditions. The

storage conditions and expiration date for the product

must be specified. The initial storage and shipping con-

ditions need not be exactly the same as those envisioned

for the commercial product, but they should ensure that

the product specifications are maintained beyond the ini-
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tially proposed expiration dating. Once stability-indicat-

ing methods are developed and the final container–clo-

sure, storage, and shipping conditions are chosen, these

conditions must be validated, as discussed under Stability

(above).

For products with short shelf lives, storage and ship-

ping conditions—even within a single medical center—

should be considered together because shipping consti-

tutes the bulk of storage time after manufacturing. The

product should be placed in a lightproof, leakproof con-

tainer with adequate physical support to ensure stability

and prevention of leakage during typical conditions of

shipment. Special consideration should be given to the

ability of gas to permeate the shipping container, espe-

cially if the cell-therapy product is stored or shipped on

dry ice or liquid nitrogen.

Storage

For each type of cellular therapy product, the manufac-

turer should establish product storage specifications and

acceptable storage conditions, including temperature

range or liquid nitrogen level. Storage units require a sys-

tem that continuously monitors and records temperature

and/or liquid nitrogen levels. This includes an alarm sys-

tem to immediately notify lab personnel of unacceptable

storage conditions. The stability of the product during

routine storage should be monitored by a stability pro-

gram (see Stability, above).

Cryopreservation is the main mode for the long-term

storage of cells. Cellular products are cryopreserved us-

ing controlled-rate freezing procedures or equivalent

procedures that are known to maintain viability. The

temperature of products during freezing and storage

should be monitored and documented according to

the facility’s policies. The stability of the product under

the holding conditions at the manufacturing facility

and clinical site should also be validated.

The cooling rate for cell solutions during cryopreserva-

tion is important because of the mechanical and dehy-

dration injuries resulting from the formation and

growth of ice crystals. The ideal temperatures depend

on the type of cells and the concentration of the cryopre-

servative. The optimal cooling rate for most cells is be-

tween 18 and 38 per minute. Controlled-rate freezers

that can reproducibly duplicate this optimal cooling rate

are critical when large numbers of vials or large volumes

of cells in bags are being frozen. Once cooled to below

freezing, cells should be stored at temperatures below

–1308. This can be achieved with electric freezers or with

liquid nitrogen.

Storage of cells in the vapor phase of a liquid nitrogen

freezer reduces the risk of cross-contamination with oth-

er material in the freezer. Freezer equipment should be

validated and temperature mapped so that cells are not

subjected to temperatures above –1308 as the liquid ni-

trogen evaporates or during freezer opening. Some cells

can be stored at –808 if the cells will be used within a few

weeks. Cross-contamination can also be prevented by

the use of sealed overwraps covering the cryobags.

Many cell-based products cannot be cryopreserved.

Because cells continue to metabolize during storage,

their expiration period is short—on the order of hours

or days. The expiration date can be extended by increas-

ing the volume of storage medium, by adjusting the stor-

age temperature, or by attaching a series of bags or

compartments that allow the medium to be exchanged

without breaching system sterility.

Storage conditions at the clinical site must also be de-

fined and monitored. Cell-processing centers or clinics

involved with bone marrow transplantation generally

have liquid nitrogen freezers, but most clinical pharma-

cies do not. Storage temperatures and characteristics

must be defined for each product. The clinical site may

need to hold the product in the shipping container until

the product can be administered to the patient. If thaw-
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ing and administering of the cell-based product are per-

formed at the clinic, the laboratory storing or shipping

the cells must closely collaborate with the clinic because

cells in a concentrated suspension may survive for only a

few hours.

Shipping

Shipping containers and shipping procedures need to

ensure temperatures are maintained within acceptable

ranges for the duration of transportation and under con-

ditions of actual use. These conditions include tempera-

tures within the shipping container, extremes of

temperature outside the shipping container (such as

those encountered on a hot airport tarmac or in the chilly

cargo hold of an airplane), and other shipping challenges

(such as x-rays or mechanical vibration). Shipping studies

should be conducted during product development in or-

der to identify stresses to which the products may be sub-

jected. Bracing and insulating materials should then be

chosen and validated to provide a packaging system that

will protect against extreme temperatures and mechani-

cal stresses.

Most products are shipped by commercial shippers or

courier systems. In some cases, critical products are

hand-carried onto commercial aircraft. Commercial car-

riers must obtain special permission in order to bypass

scanning by airport x-ray equipment. Special attention

should be paid to shipping container labels because both

biohazard and patient-specific information may be re-

quired in specific areas of the packaging. Shipping vali-

dations must be conducted under predefined protocols

with predetermined acceptance criteria to ensure that

the product meets quality specifications (including po-

tency) once it reaches its final destination.

Cryopreserved cell-based products are typically

shipped to medical centers on dry ice or in liquid nitro-

gen dry shippers. Dry shippers may be preferable be-

cause temperature is more readily maintained and

monitored. Dry shippers also allow continuous monitor-

ing of the shipper’s temperature, which can be collected

and logged for up to 14 days. Dry ice and liquid nitrogen

are both considered hazardous materials during shipping

and must be labeled accordingly.

LABELING

Labeling of cell therapy products is regulated by FDA

under 21 CFR 201, 601, 610, and 1271. For biologics,

21 CFR 610 Subpart G outlines the requirements for con-

tainer and package labeling. When possible, a full label

should be affixed to the product container. This includes

the proper name of the product obtained from the US

Adopted Names (USAN) Council; the name, address,

and license number of the manufacturer; the lot number;

the expiration date; for multiple-dose containers, the re-

commended individual dose; the statement ‘‘Rx Only’’;

instructions to the dispenser to provide a Medication

Guide, if one is required, to each patient; and if the con-

tainer is not enclosed in a package, all items required for

a package label. If the label is too small to accommodate

all this information, a partial label can be used, but the

following information must appear on the partial label:

the name expressed either as the proper or USAN name;

the lot number and the name of the manufacturer; and

for multiple-dose containers, the recommended individ-

ual dose. When partial labels are used, the container

must be placed in a package that contains a label bearing

all the items required for the package label. For con-

tainers that cannot accommodate any label, the contain-

er must be placed in a package that bears all the

information required for a package label. In addition,

when affixed to the container the label should not im-

pede inspection of the contents. For products with very

short shelf lives, expiration dating requires adjustment

and correction for time zones to provide the user an ac-

curate assessment of shelf life.

Pharmacopeial Forum
1324 IN-PROCESS REVISION Vol. 36(5) [Sept.–Oct. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



The package label must contain the proper or USAN

name of the product, the name, address, and license

number of manufacturer, the lot number, the expiration

date, the preservative used and its concentration, or the

words ‘‘No Preservative’’ if appropriate, the number of

containers if more than one, the amount of product in

the container, the recommended storage temperature,

the words ‘‘Shake Well,’’ ‘‘Do Not Freeze,’’ or other in-

structions as indicated, the recommended individual

dose for multi-dose containers, the route of administra-

tion, known sensitizing substances, the type and amount

of antibiotics added during manufacture, inactive in-

gredients if they are a safety factor, the adjuvant, the

source of the product when this is a factor for safe admin-

istration, minimum potency expressed in terms of official

standard for potency or the statement ‘‘No U.S. Standard

of Potency,’’ and finally the statement ‘‘Rx Only.’’ Regu-

lations in 21 CFR 610.62 regard the position and prom-

inence of the proper or USAN name in relation to a trade

name.

Additional labeling requirements apply because cellu-

lar therapy products are also considered HCT/Ps in 21

CFR 1271.90. For autologous cell therapies, the manu-

facturer is exempt from the requirements of determining

donor eligibility. However, if the recommended testing

for pathogenic or microbial contaminants is not per-

formed before release, the label must contain the state-

ment ‘‘FOR AUTOLOGOUS USE ONLY’’ or ‘‘NOT

EVALUATED FOR INFECTIOUS SUBSTANCES.’’ The label

must also contain the Biohazard legend shown in 21

CFR 1271.3(h) with the statement ‘‘WARNING: Advise

patient of communicable disease risks.’’ For patient-spe-

cific products, the patient’s full name, initials, or a com-

bination of these must appear on the labeling to ensure

that the product will be administered to the appropriate

patient.

In addition, regulations govern the content and format

of labeling for human prescription drug products (in-

cluding biological products), otherwise known as the

package insert. These regulations, which apply to ap-

proved therapeutics, went into effect 30 June 2006. De-

tails about this content and format can be found in 21

CFR 201.56 and 201.57. These changes were designed

to enhance the ability of the health care practitioners

to access, read, and use prescription drug labeling. The

main change is the addition of a half-page highlights sec-

tion. Otherwise most of the changes involve rearrange-

ment of sections to move to the front the most critical

information for prescribing.

In addition to the specific FDA regulatory require-

ments, several groups have designed ISBT 128, a stan-

dard for uniform labeling of cellular therapy products,

where ISBT stands for International Society of Blood

Transfusion and the number 128 reflects the choice of

barcode symbology known as Code 128. ISBT 128 de-

fines the data structures and the placement of bar codes

and their corresponding eye-readable text that appears

beneath the bar code. In addition, this standard provides

class names for different types of cellular products, mod-

ifier text for cell processing, manipulation text for how

the cells are manufactured, cryoprotectant text for fro-

zen cell products, and various other texts that must go

on the labels. Although this voluntary standard meets dif-

ferent organizations’ requirements for labeling cellular

products, it does not currently meet FDA regulatory re-

quirements. Consequently, labels that comply with ISBT

128 must be supplemented with additional information

required by FDA.
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CONSIDERATIONS FOR TECHNOLOGY TRANSFER

Transfer of the skills, knowledge, technologies, and

methods of manufacturing necessary to create a cell or

tissue-based product is essential to ensure that scientific

and technological developments are accessible to users

who can then further develop and advance the technol-

ogy into new products, processes, applications, mate-

rials, or services. Some general considerations for

technology transfer activities are summarized below.

The process of developing a cellular or tissue-based

therapy is complex and often involves several rounds of

technology transfer throughout the product’s life cycle.

Some examples of technology transfer activities include:

from bench research to translational research; transfer

from research and development to GMP-compliant man-

ufacturing; and change in manufacturing facility (for ex-

ample, from in-house manufacturing to a contract

manufacturer).

Manufacturers should anticipate the need for technol-

ogy transfer during the research and development stage

of a cell or tissue-therapy process. This should result in

good documentation practices for product research

and development, including testing procedures. Data

and results should be retained in the format of develop-

ment reports or technical reports to provide historical in-

formation that can be referenced and used in regulatory

filings. Critical raw materials, procedures, and equipment

should also be identified during technology transfer. Pro-

duct and process development progress should be mon-

itored against milestones established as part of risk

assessment and gap identification in the technology

transfer plan. Table 3 provides an overview of the steps

involved in technology transfer.
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Table 3: Technology Transfer—Fundamental Steps

Preparation � Define the scope, strategy, and risks associated with the project that will be

transferred

� Identify overall gaps and process transferability

� Assess availability of documentation such as manufacturing and testing proce-

dures, sampling plans, in-process and final product data and specifications, ma-

terial specifications (including source, testing requirements, and quantities

required for a manufacturing procedure or test procedure), equipment specifica-

tions, specialized training requirements, facility requirements, and infrastructure

requirements

� Establish a governance body consisting of leads, experts, and mentors from

both the sending and receiving sides; determine responsibilities for each group

and individual

� Define communication and reporting channels

� Identify performance measurements, milestones, and timelines

Development and

Implementation

� Establish a risk management plan

� Establish a technology transfer master plan

� Develop a training plan

� Establish documents at the receiving site (specifications, SOPs, batch records,

and standard test methods)

� Train operations, quality, and support personnel for sustainability

� Qualify materials and vendors

� Establish and execute equipment comparability/suitability protocols

� Calibrate equipment at receiving site

� Qualify personnel, equipment, and facility at receiving site (includes execution

of aseptic process validations, sterile media fills, and cleaning validations)

� Establish and execute methods/assay qualifications

� Establish a product stability program

� Perform engineering and consistency/qualification runs

� Assess need to establish comparability and prepare regulatory filings

� Establish and execute shipping qualifications

Maintenance � Collect and trend process/product data

� Monitor product stability

� Manage change control

� Train and requalify personnel

� Recalibrate and requalify equipment

� Update regulatory filings
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The ultimate goal of technology transfer is for the re-

cipient to consistently reproduce a process to make com-

parable product in compliance with regulations. It is not

atypical for manufacturers to develop and implement

process improvements during early stages of technology

transfer to support scale-up and manufacturing for Phase

I/II clinical trials. However, during technology transfer for

Phase III studies, pivotal trials, or commercial manufac-

turing, changes to the process or product should be

avoided because they could require additional clinical

studies and adversely affect time to market.

REGULATIONS AND STANDARDS

The Federal Food, Drug, and Cosmetic Act (FD&C Act)

and the Public Health Service Act (PHS Act) provide the

legal framework for FDA regulation of biological prod-

ucts, including cell-based therapy products. In 1993

FDA provided notice that it intended to regulate cellular

and gene-therapy products as biological products (Fed-

eral Register 1993;58 : 53248–53251). FDA defined so-

matic cell therapy products as autologous (i.e., self),

allogeneic (i.e., intraspecies), or xenogeneic (i.e., inter-

species) cells that have been propagated, expanded, se-

lected, pharmacologically treated, or otherwise altered

ex vivo for administration to humans for the prevention,

treatment, cure, diagnosis, or mitigation of disease or in-

juries. For other biological products and drugs, clinical

trials involving somatic cellular therapy products must

be initiated under an investigational new drug (IND) ap-

plication. After a sponsor submits sufficient evidence of

product safety and clinical effectiveness, FDA approval

can be obtained for marketing in the form of a biologics

license application (BLA) or PMA.

As defined by FDA, cellular therapy products are con-

sidered to be drugs, biological products but also HCT/Ps

that are regulated under Section 351 and/or Section 361

of the PHS Act. This means that cell-based therapies are

subject to cGMP (21 CFR 210 and 211), Biologics Pro-

duct regulations (21 CFR 610), and HCT/P regulations

(21 CFR 1271) including cGTP.

In recent years FDA has issued a number of regulations

and guidance documents for human cell and tissue prod-

ucts (see Appendix and www.fda.gov/cber/). Of particu-

lar importance are the regulations at 21 CFR 1271 that

establish a tiered, risk-based approach for HCT/Ps. In this

regulatory framework, many conventional human cells

or tissues are not subject to premarket approval and have

only to comply with GTPs, including donor eligibility.

This lower tier of regulatory oversight is intended to pre-

vent to the introduction, transmission, or spread of com-

municable disease. When human cells or tissue are the

starting material for the creation of a novel cell-based

product, additional regulatory requirements are applica-

ble. This higher tier of regulatory oversight includes com-

pliance with GMPs, biological product standards, and

premarket approval (see 21 CFR 1271.10). In almost all

cases, the cell-based products described in this general

chapter should comply with the higher tier of regulatory

oversight.

In addition to cellular therapy-specific regulations and

guidance, many general guidelines such as those related

to aseptic processing, GMP expectations during develop-

ment, process validation, and others are relevant and ap-

plicable (see www.fda.gov). Additionally, ICH has issued

guidance documents for qualifying cell and tissue-based

products (see Appendix and www.ich.org). Some of the

guidelines and concepts in these documents are repro-

duced in USP–NF.

The regulatory pathway for cellular-therapy products

parallels that of pharmaceuticals, and as the product

moves from early research through pivotal trials and fi-

nally marketing approval, the degree of manufacturing

control becomes increasingly stringent. This has implica-

tions for the manufacturing unit and may dictate that the

site be moved. Standards-setting organizations encour-
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age the use of a fully functional quality unit to oversee

manufacturing progress. Information is available on the

FDA Web site, along with references to groups charged

with guiding the medical community and the manufac-

turing unit during development.

In addition to USP general chapters and monographs

for cell and tissue-based therapies, a number of profes-

sional standards-setting organizations (see Table 5 and

Appendix) have worked closely with regulatory authori-

ties to develop standards and practices. These organiza-

tions ensure that standards are current and comply with

governmental regulations. Such standards are a supple-

mental source of knowledge in identification of donors,

donor screening and testing, product collections, pro-

cessing of cellular products, administration, adverse

event reporting, and follow-up after treatment. AATB

has developed guidelines for sourcing allogeneic tissue.

Over the years various organizations have tried to harmo-

nize standards, including the development of common

information circulars that can be compared with package

inserts. At present, however, compliance with one organ-

ization’s standards does not ensure compliance with

those of any other organization.

Many benefits accrue to manufacturing facilities that

participate in voluntary standards programs. Professional

standards-setting organizations participate in education-

al workshops and disseminate information about opera-

tional issues. They also maintain close surveillance of FDA

activity and training of inspectors. Further, FDA relies on

accreditation by voluntary standards program, and FDA’s

unannounced inspections have led to an increasingly

high level of compliance in laboratory and clinical set-

tings and has also undoubtedly increased patient safety.

Third-party payors and hospital-ranking services have be-

gun to use accreditation reports in their evaluation of

quality programs.

Table 4. Frequently Used Terms in Regulation of Cellular-Therapy Products

TERM DEFINITION

351 products Regulated under Section 351 of the PHS Act

361 products Regulated under 21 CFR 1271, Human Cells, Tissues, and Cellular and

Tissue-Based Products

BLA Biologics Licensure Application

CBER Center for Biologics Evaluation and Research

CDRH Center for Devices and Radiologic Health

GMPs Good Manufacturing Practices

GTP Good Tissue Practices, 221 CFR 1271, Human Cells, Tissues, and Cellular and

Tissue-Based Products

IDE Investigational Device Exemption.

An investigational device exemption (IDE) allows the investigational device to be

used in a clinical study in order to collect safety and effectiveness data required

to support a Premarket Approval (PA) application or a Premarket Notification

[510(k)] submission to FDA.
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Table 4. Frequently Used Terms in Regulation of Cellular-Therapy Products (Continued)

TERM DEFINITION

IND Investigational New Drug.

An IND is a request for FDA authorization to administer an investigational drug

to humans. IND regulations are contained in 21 CFR 312.

PMA Premarket approval

Table 5. Cellular Therapy Product Standards-Setting Organizations

AABB AABB, formerly known as the American Association of Blood

Banks, is an international association representing individuals

and institutions involved in activities related to transfusion

and cellular therapies, including transplantation medicine.

http://www.aabb.org/

AATB The American Association of Tissue Banks is an educational and

scientific, tax-exempt organization that facilitates the provision of

transplantable tissues of uniformly high quality to meet national needs.

AATB publishes standards to ensure that the conduct of tissue banking

meets acceptable norms of technical and ethical performance. AATB

conducts an accreditation program for establishments that retrieve,

process, store, or distribute human tissue for transplant. A

certification program is administered for tissue-bank personnel to

ensure that tissue-banking activities are performed in a profess-

ional manner consistent with the standards of the association.

http://www.aatb.org/

ASTM ASTM International (ASTM), originally known as the American

Society for Testing and Materials, is one of the largest voluntary

standards-development organizations in the world and provides

technical standards for materials, products, systems, and services.

ASTM International standards are used in the information

infrastructure that guides design, manufacturing, and trade in the

global economy.

http://www.astm.org/

FACT The Foundation for the Accreditation of Cellular Therapy is a nonprofit

corporation co-founded by the International Society for Cellular Ther-

apy (ISCT) and the American Society of Blood and Marrow Transplan-

tation

(ASBMT) for voluntary inspection and accreditation in the field of

cellular therapy.

http://www.factwebsite.

org/
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Table 5. Cellular Therapy Product Standards-Setting Organizations (Continued)

NMDP The National Marrow Donor Program is a nonprofit organization

that operates the federally funded registry of volunteer hematopoietic

cell donors and umbilical cord blood units in the United States.

http://www.nmdp.org/

ICCBBA The International Council for Commonality in Blood Banking

Automation was established and given the responsibility for

implementation and management of the ISBT 128 standard, a system

for identification, labeling, and processing of human blood, tissue, and

cellular-therapy products using an internationally standardized system.

http://www.iccbba.org/

APPENDIX

Cellular therapies and cell-therapy components are

regulated by FDA as biological products. The general re-

quirements are listed in national laws and international

guidance. In the United States, national requirements

are codified in different sections of 21 CFR, and addition-

al recommendations are available in FDA guidance doc-

uments. International guidance documents are available

from ICH, the European Agency of Medicines (EMA), and

the World Health Organization (WHO). Although guid-

ance documents from ICH are well referenced in this

general chapter, those from WHO and EMEA are not,

and manufacturers of cellular or tissue-based products in-

tended for markets outside the United States are advised

to refer to relevant guidances from relevant nations. Be-

yond USP chapters referenced in this chapter, the follow-

ing list includes regulatory documents as well as best

practices in product and process development, manufac-

turing, quality control, and quality assurance:

Code of Federal Regulations (CFR)

� 21 CFR 201.56–57

� 21 CFR 210

� 21 CFR 211

� 21 CFR 600.3

� 21 CFR 601

� 21 CFR 610

� 21 CFR 820

� 21 CFR 1271

� 21 CFR 46

FDA Guidance Documents

� Draft Guidance for FDA Reviewers and Sponsors:

Content and Review of Chemistry, Manufacturing,

and Control (CMC) Information for Human Somatic

Cell Therapy Investigational New Drug Applications

(INDs)

� Draft Guidance for Industry: Potency Tests for Cellu-

lar and Gene Therapy Products

� Draft Guidance for Industry: Current Good Tissue

Practice (cGTP) and Additional Requirements for

Manufacturers of Human Cells, Tissues, and Cellular

and Tissue-Based Products (HCT/Ps)

� Guidance for Industry: Eligibility Determination

for Donors of Human Cells, Tissues, and Cellular

and Tissue-Based Products (HCT/Ps), February

2007. http://www.fda.gov/BiologicsBloodVaccines/

G u i da nce ComplianceRegulatoryInformation/

Guidances/Tissue/ucm073964.htm

� Guidance for Industry: Source Animal, Product,

Preclinical, and Clinical Issues Concerning the

Use of Xenotransplantation Products in Humans,

April 2003. http://www.fda.gov/BiologicsBlood

Va c c i n e s / G u i d a n c e C o m p l i a n c e R e g u l ato

ryInformation/Guidances/Xenotransplantation/

ucm074354.htm
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� PHS Guidel ine on Infect ious Disease Issues

in Xenotransplantation, January 2001. http://

w w w. fdav. g o v/BiologicsBloodVaccines/Guidance

C o m p l i a nceRegulatoryInformation/Guidances/

Xenotransplantation/ucm074727.htm

� Guidance for Industry: Investigating Out-of-Specifi-

cation (OOS) Test Results for Pharmaceutical Produc-

tion, October 2006. www.fda.gov/downloads/

Drugs/GuidanceComplianceRegulatoryInformation/

Guidances/UCM070287.pdf

� Guidance for Industry: Validation of Growth-Based

Rapid Microbiological Methods for Sterility Testing

of Cellular and Gene-Therapy Products, CBER,

2008. http://www.fda.gov/BiologicsBloodVaccines/

G u i d a nceComplianceRegulatoryInformation/

G u i d a n c e s / C e l l u l a r a n d G e n e T h e r a p y /

ucm072612.htm

� FDA Blue Book G95-1, h t t p://w w w.f d a.g o v/

M e dicalDevices/DeviceRegulationandGuidance/

GuidanceDocuments/ucm080735.htm

National and International Regulatory Docu-

ments

� The United States Consensus Standard for the Uni-

form Labeling of Cellular Therapy Products using

ISBT 128, available at: http://w w w.i c c b b a.o r g/

usconsensusstandard_cellulartherapy.pdf

� ISO 10993-1 : 2003, Biological evaluation of medical

devices—Part 1: Evaluation and testing, available at:

http://www.iso.org

� ICH Q2(R1): Validation of Analytical Procedures: Text

and Methodology, available at: http://www.ich.org

� ICH Q5C: Quality of Biotechnological Products: Sta-

bility Testing of Biotechnological/Biological Prod-

ucts, available at: http://www.ich.org

� ICH Q6B: Specifications: Test Procedures and Accep-

tance Criteria for Biotechnological/Biological Prod-

ucts, available at: http://www.ich.org

� ICH Q9: Quality Risk Management, available at:

http://www.ich.org

� Naming Scheme for Cell Therapies by the United

States Adopted Names (USAN) Council, available

at: http://www.ama-assn.org/

� Guide for the Care and Use of Laboratory Animals

(National Research Council, 1996), available at:

http://www.nap.edu/

GLOSSARY AND DEFINITION OF TERMS

Adventitious Agent—A foreign material that is intro-

duced inadvertently; not natural or hereditary (as in mi-

crobial, chemical, or biochemical contamination of a

purified substance).

Allogeneic—From an unrelated member of the same

species but with a different genotype.

Ancillary Materials—Components used during manu-

facturing that should not be present in the final product.

Examples: growth factors, cytokines, monoclonal anti-

bodies, cell-separation devices, and media components.

Apheresis—Procedure of withdrawing blood from a do-

nor, removing select components (e.g., platelets or leu-

kocytes), and transfusing the remainder into the donor.

Autologous—From one’s own body.

Bioassay—Measurement of the effectiveness of a com-

pound by its effect on animals or cells in comparison with

a standard preparation. (See also Potency.)

Biological Product—Any virus, therapeutic serum,

toxin, antitoxin, or analogous product applicable to the

prevention, treatment, or cure of diseases or injuries in

humans. (The term analogous product has been inter-

preted to include essentially all biotechnology-derived

products and procedures including gene therapy, trans-

genics, and somatic cell therapy.)
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Biotechnology—Any technique that uses living organ-

isms (or parts of organisms) to make or modify products,

to improve plants or animals, or to develop microorga-

nisms for specific uses. The newer definition refers to

the industrial and pharmaceutical use of rDNA, cell fu-

sion, novel bioprocessing techniques, and gene therapy.

B Lymphocytes (B Cells)—A class of lymphocytes that

produce antibodies and are derived from bone marrow.

Bone Marrow Cells—A variety of undifferentiated cells

(stem cells) and differentiated cells (lymphocytes, granu-

locytes, erythrocytes, and platelets) found in the internal

cavities of bones or bone marrow.

Bone Marrow Transplantation—Transplantation of

bone marrow cells that are capable of maintaining the

hematological functions indefinitely. Technique used in

the treatment of immunological disorders (severe com-

bined immune deficiencies such as ADA deficiency), he-

matological disorders (anemia), metabolic disorders

(Gaucher disease), and malignant diseases (leukemia,

lymphoma, or solid tumor).

CD34—Cluster of differentiation cell-surface marker 34.

CD34 is a protein that distinguishes stem and progenitor

cells from more mature blood cells.

Cell Lines—Cells that are derived from primary culture

embryos, tissue, or organs. Such cell lines may have a fi-

nite life span or be immortalized (made to replicate indef-

initely).

Cellular Therapy—Therapy that uses whole cells to

treat a disease, condition, or injury.

cGMP—Current good manufacturing practice.

Chondrocytes—Cells that produce the components of

cartilage.

Clonal—Genes, cells, or entire organisms derived from

and genetically identical to a single common ancestor

gene, cell, or organism.

Clonogenic Assay—Procedure based on the ability to

give rise to a clone of cells.

Combination Products—Therapeutic products that

combine drugs, devices, and/or biological products.

Cytokine—Any factor that acts on cells; usually a pro-

tein that promotes growth.

Cytoplasm—Cellular material that is within the cell

membrane and surrounds the nucleus.

Cytotoxic—Able to cause cell death.

Culture Medium—The liquid that covers cells in a cul-

ture vessel and contains ingredients to nourish and sup-

port the cells. Culture medium may also include growth

factors added to produce desired changes in the cells.

Dendritic Cells—Cells that sensitize T cells to antigens.

Differentiation—A process of biochemical and struc-

tural changes by which cells become specialized in form

and function.

ELISA—Enzyme-linked immunosorbent assay. An immu-

noassay that uses an enzyme-labeled antigen or antibody

to detect the binding of a molecule to a solid matrix.

Embryonic Stem Cell, Human (hESC)—Stem cell de-

rived from the inner cell mass of the blastocyst.

Endothelial Cells—Epithelial cells of mesodermal ori-

gin that line the internal cavities of the body, such as

heart and blood and lymph vessels.
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Engraftment—Process whereby cells, tissues, or organs

are implanted or transplanted into another organism. Re-

fers both to the mechanical and the biological processes

necessary to have a fully functional graft.

Epidermal—Pertaining to the outermost and nonvascu-

lar layer of the skin derived from embryonic ectoderm.

Epithelial Cells—Cells from the linings of various or-

gans, e.g., respiratory, intestinal, or vascular epithelial

cells.

Ex Vivo—Procedure performed outside of the living or-

ganism.

Feeder Cells—Cells used in co-culture to maintain plur-

ipotent stem cells. For hESC, typical feeder layers include

mouse embryonic fibroblasts or human embryonic fibro-

blasts that have been treated to prevent them from divid-

ing.

Fibroblasts—Connective tissue cells that have the ca-

pacity to produce collagen.

Fluorescence-Activated Cell Sorter (FACS)—A ma-

chine that sorts cells based on fluorescent markers at-

tached to them.

Formulated—Prepared in accordance with a prescribed

method or conditions.

Graft-versus-Host Disease—Rejection of the trans-

planted tissue by the host. It is the leading cause of pa-

tient death when mismatched allogeneic tissue is used.

Granulocyte—One of three types of white blood cells.

These cells digest bacteria and parasites.

Granulocyte–Macrophage Colony-Stimulating

Factor (GM CSF)—A natural hormone that stimulates

white blood cell production, particularly that of granulo-

cytes and monocytes.

Growth Factors—Factors responsible for regulatory

cell proliferation, function, and differentiation.

Hemacytometer—A device used to manually count

cells.

Hematopoietic—Pertaining to or affecting the forma-

tion of blood cells.

Hematopoietic Stem Cells—Stem cells that give rise

to all red and white blood cells and platelets.

Hepatocytes—The predominant cell type in the liver

that has an important role in metabolism and is a source

of serum proteins. These cells are generally not dividing,

but when injured they can divide and regenerate until

the injured cells are replaced.

Human Leukocyte Antigen (HLA)—Proteins con-

trolled by the major histocompatibility complex. These

proteins play a key role in determining transplant com-

patibility.

Immunoassay—Technique for identifying substances

based on the use of antibodies.

Immunofluorescence—Technique for identifying a

fluorescent label.

Immunogenic—Substance capable of inducing an im-

mune response; a form of antigen that induces an im-

mune response, as opposed to a tolerogen that induces

tolerance.

In Vivo—Procedure performed in the living organism.
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In Vitro—Procedure performed outside of the living or-

ganism. It may involve cells or tissues derived from the

organism.

Islet Cells—b-islet cells of the pancreas that secrete in-

sulin.

Keratinocytes—Differentiated epidermal cells that

constitute the top layer of cells in the skin.

Lineage (Committed Progenitor Cells, Differenti-

ated Cells)—Specific path of cell differentiation that can

be traced to a single cell of origin.

Macrophage—Any of many forms of mononuclear

phagocytes that are found in tissues and arise from he-

matopoietic stem cells in the bone marrow.

Mesenchymal Stem Cells—Multipotent stem cells

that can differentiate into a variety of cell types.

Monoclonal Antibodies—Antibodies that are derived

from a single cell clone.

Myocytes—Fundamental cell units in the muscle. Target

cells for insertion of genes that encode secretory pro-

teins.

Natural Killer Cells (or NK Cells)—Cytotoxic lympho-

cytes that constitute a major component of the innate

immune system.

Neuronal Stem Cells—Stem cells found in neural tissue

that can give rise to neurons and glial cells.

Osteogenic Cells—Derived from or involved in the

growth or repair of bone.

Passage—The process in which cells are disassociated,

washed, and seeded into new cultures after a round of

cell growth and proliferation. The number of passages

is a good indication of the age of the cultures and expect-

ed stability.

Process Validation—Means for providing documenta-

tion that the manufacturing process is controlled, repro-

ducible, and capable of consistently producing a product

that meets predetermined specifications.

Polymerase Chain Reaction (PCR)—Technique to

amplify a target DNA or RNA sequence of nucleotides

by cycles of polymerase-based copying, resulting in geo-

metric increases in copy number.

Potency—A quantitative measure of biological activity

based on the attribute of the product linked to the rele-

vant biological properties.

Progenitor Cell—Parent or ancestral cell, usually one

that is already committed to differentiate into a specific

type or lineage of cells.

Regenerative Medicine—An emerging interdisciplina-

ry field of research and clinical applications focused on

the repair, replacement or regeneration of cells, tissues

or organs to restore impaired function using a combina-

tion of approaches including, but not limited to, the use

of soluble molecules, gene therapy, stem cell transplanta-

tion, tissue engineering, and the reprogramming of cell

and tissue types.

Serum-Free—Refers to cell growth medium that lacks a

serum component.

Somatic Cells—Cells other than the germ cells.
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Stem Cell—Immortal cell that is capable of proliferating

and differentiating into different types of specialized

cells. Each major tissue system is thought to have its

own putative stem cell.

Supravital Dye—A dye that stains only living cells.

Suspension Culture—Growth, in suspension, of cells

not requiring attachment to substrate in order to under-

go cell division.

T Cells—Lymphocytes that acquire functional reper-

toires and the concept of self in the thymus and are re-

sponsible for cell-mediated immunity. There are several

subsets of T cells (helper T cells, suppressor T cells, and

cytotoxic T cells).

Umbilical Cord Blood Stem Cells—Stem cells derived

from the blood that remains in the placenta and in the

attached umbilical cord after childbirth.

Undifferentiated Cells—Cells that have not yet devel-

oped into a specialized cell type or tissue.

Xenogeneic—From a different species.

Xenotransplantation—Transplantation of organs

from one species to another (e.g., from pigs to hu-

mans).&2S (USP34)

BRIEFING

h1047i Gene Therapy Products. The revision of Cell and
Gene Therapy Products h1046i involves splitting the general in-
formation chapter into two chapters: Cellular and Tissue-Based
Products h1046i, which will be dedicated to cell- and tissue-
based products, and Gene Therapy Products h1047i. The revi-
sions are proposed to reflect recent regulatory changes and
the current status of research and development in the area of
gene therapies. Gene therapy products present continuously
novel issues associated with cutting-edge medical technology,
including the use of mouse and human viruses to produce gene
vectors. In addition to gene vector-based therapy products, the
chapter will address requirements for the manufacturing and
testing of transduced cells products.

(BB CGT: F. Atouf) RTS—C89975

Add the following:

&h1047i GENE THERAPY PRODUCTS

INTRODUCTION

Gene therapy products allow administration of nucleic

acids to modify the genetic material of cells. Gene ther-

apy products can be broadly classified based on the ap-

proach to delivery and include: (1) viral vectors [viruses

that harbor the gene(s) of interest but usually without

the mechanism to self-replicate in vivo]; (2) nucleic acids

in a simple formulation (naked DNA); and (3) nucleic ac-

ids formulated with agents such as liposomes that en-

hance their abil ity to penetrate the cell. Where

introduction of nucleic acid to cells takes place ex vivo,

the cell population that is administered becomes the

gene therapy product. Guidance specific to the manufac-

turing, processing, characterization, and administration

of cell-based products is provided in Cellular and Tissue-

Based Products h1046i.
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Decisions regarding the choice of a gene vector can be

complex (see Design Considerations for Gene Vectors un-

der Manufacturing of Gene Therapy Products). The viruses

most commonly used include murine retroviruses, hu-

man adenoviruses, and human adeno-associated viruses

(AAVs). It is inherent in the definition of gene therapy in

this chapter that the administration of nucleic acid

through transduction is expressed as RNA and then as

protein. Examples of gene therapy products are shown

in Table 1.

Table 1. Examples of Gene Therapy Products

Categories or Strategies Indication: Administered Product

Gene replacement

Short-term

Long-term

Cardiovascular disease: growth factor vector on a biocompatible scaffolda

Cystic fibrosis: transmembrane conductance regulatory vector

Hemophilia: factor VIII or IX vector

Direct cell killing Cancer: recombinant oncolytic viruses

Immunotherapy Cancer: autologous tumor cells transduced with cytokine or other immuno-

modulatory genes; lymphocytes transduced with receptors for tumor anti-

gens

Arthritis: gene-modified autologous lymphocytes

Conditionally lethal genesb Cancer (solid tumor): thymidine kinase (TK) or cytosine deaminase (CD)

vector into tumor cells

Graft-versus-host disease (GVHD): TK or CD vector transduced into donor T

cells

Gene disruption via antisense RNAs,

ribozymes, and inhibitory RNAs ex-

pressed via a vector

Cancer: anti-oncogene vector

Cytomegalovirus retinitis: anti-viral vector

Human immunodeficiency virus (HIV): autologous lymphocytes transduced

with antiviral ribozyme vector

Intrabodies Cancer or HIV: vector encoding single-chain antibody to a tumor protein or

a viral protein, respectively
a This product promotes formation of new blood vessels.
b Cells with conditionally lethal genes as well as their neighboring cells are killed after the administration of a second drug in vivo.

For TK, the drug is gancyclovir. For CD, the drug is 5-fluorocytosine.
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CHAPTER PURPOSE AND ORGANIZATION

Clinical uses for gene therapy products, their manufac-

turing processes, and analytical schemes for determining

identity, dose, potency, purity, and safety are rapidly

evolving, and are as diverse as the products themselves.

This chapter summarizes the issues and best current

practices in the manufacturing, testing, and administra-

tion of gene therapy products. Usually USP chapters fo-

cus on materials that are commercially available. This

chapter, however, not only discusses products for com-

mercial applications, but it also addresses the production

of clinical trial materials. When different approaches are

options for clinical trial material compared to those used

for commercial product, this is discussed.

Where appropriate, reference is made to applicable

guidance including International Conference on Harmo-

nization (ICH) quality guidelines because the principles

apply even though gene therapy products may be out-

side the official scope. A list of regulatory and guidance

documents applicable to gene therapy is presented in

the Appendix, together with a list of terms commonly

used in the gene therapy field. The traditional compen-

dial perspective is to develop public standards that can

be applied to a particular final product without providing

production details. This chapter attempts to specify

when traditional methodologies or standards can be

adapted.

This chapter is extensive because of the diverse nature

of the products and the special considerations that they

require. Manufacturing has been divided into two sec-

tions: the first discusses general aspects of manufacturing

and process development, and the second discusses vec-

tor design and class-specific topics. On-Site Preparation

and Administration follows the manufacturing sections

because the handling of these products at the clinic often

requires facilities and expertise not found in a typical hos-

pital. Other manufacturing-related sections include: Ana-

lytical Methods; Stability; Storage and Shipping; and

Labeling. The section Regulations and Standards summa-

rizes existing guidelines and highlights the need for the

development and validation of new methodologies to as-

sess product quality. The Glossary of Terms lists and de-

fines the terms and abbreviations used in this chapter

and those commonly employed in this field.

MANUFACTURING OVERVIEW

Introduction

The manufacturing of gene therapy products has been

divided into two sections. This section, Manufacturing

Overview, discusses five topics that apply to manufactur-

ing of all gene therapy products: (1) raw materials, (2)

characterization of banked materials, (3) in-process con-

trols, (4) specifications, and (5) validation considerations.

The second section, Manufacturing of Gene Therapy Prod-

ucts, addresses manufacturing of gene therapy vectors,

both viral and nonviral, and discusses the design of gene

vectors in detail.

All the general principles of current good manufactur-

ing practice (cGMP) outlined by FDA in 21 CFR 210, 211,

600s (especially 21 CFR 610), and 820, as well as USP

chapters such as Biotechnology-Derived Articles h1045i,

apply to the manufacturing of gene therapy products.

The manufacturing facility, equipment and process, raw

materials, quality systems, and trained personnel are

some of the key elements of cGMP. cGMPs are applied

throughout clinical development. Typically, the extent

of control increases as clinical development progresses,

and full cGMP compliance is expected by initiation of

manufacturing in support of Phase III clinical trial(s).

The facility and equipment should be carefully designed,

built, and validated to support the manufacturing pro-

cess and to maintain the required product/facility segre-

gation. Preventive maintenance and calibration should

be performed routinely on critical equipment. Incuba-

tors, bioreactors, and freezers should be fitted with alarm
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systems that can remotely signal failure. Quality systems

should be established to ensure manufacturing is consis-

tent and in control. Systems include but are not limited

to: change control, document control, environmental

monitoring, training, validation master plans, raw mate-

rial testing and release, vendor approval, product testing

and release, stability testing, and corrective/preventive

action (CAPA).

Ancillary Materials

A wide variety of raw materials, including ancillary ma-

terials, may be used in manufacturing. Raw materials

may include complex substances such as cells, tissues, bi-

ological fluids, growth factors, and monoclonal antibod-

ies. Some of these materials may remain in the final

therapeutic product as active substances, cryoprotec-

tants, or excipients. An ancillary material exerts an effect

on a therapeutic material (for example, a cytokine may

activate a population of cells) but is not intended to be

present in the final therapeutic product. The quality of

raw materials used in the production of a gene therapy

product can affect the safety, potency, and purity of

the product. Therefore, qualification of this type of mate-

rials is necessary to ensure the consistency and quality of

all gene therapy products. Activities involved with raw

material qualification will change as products move

through various stages of clinical development and on

to licensure and commercialization. A well-designed

qualification program becomes more comprehensive as

product development progresses. A qualification pro-

gram for raw materials used in manufacturing of gene

therapy products should address each of the following

areas: (1) identification and selection, (2) suitability for

use, (3) characterization, (4) animal-derived compo-

nents, and (5) quality assurance. For all raw materials, it

must be considered when and where each is used in the

manufacturing process because this can help define se-

lection criteria. USP chapter Ancillary Materials for Cell,

Gene, and Tissue-Engineered Products h1043i should be

consulted for specific information about implementing

an appropriate qualification program for these materials.

Other USP chapters provide information about the qual-

ification and standards of specific ancillary materials

(e.g., Bovine Serum h1024i, Fetal Bovine Serum—Quality

Attributes and Functionality Tests h90i, and Growth Factors

and Cytokines Used in Cell Manufacturing h92i).

Characterization of Cell and Virus Banks

CELL BANKS

A cell bank is a collection of vials containing cells stored

under defined conditions, with uniform composition,

and obtained from pooled cells derived from a single cell

clone. The cell bank system usually consists of a master

cell bank (MCB) and a working cell bank (WCB), al-

though more tiers are possible. The MCB is manufac-

tured in accordance with cGMP and preferably is

obtained from a qualified repository source (source free

from adventitious agents) with known and documented

history. The WCB is produced or derived by expanding

one or more vials of the MCB. The WCB, or MCB in early

trials, becomes the source of cells for every batch pro-

duced for human use. Cell bank systems contribute

greatly to consistency of production of clinical or licensed

product batches because the starting cell material is al-

ways the same. Cell banks used for the preparation of vi-

rus banks or clinical product should be suitably

characterized before use. Aspects of cell banking and va-

lidation are addressed in Cellular and Tissue-Based Prod-

ucts h1046i, Quality of Biotechnological Products: Analysis

of the Expression Construct in Cells Used for Production of

rDNA-derived Protein Products h1048i, and Viral Safety

Evaluation of Biotechnology Products Derived from Cell Lines

of Human or Animal Origin h1050i.
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VIRUS BANKS

The master virus bank (MVB) is similar in concept to the

MCB because it is derived from a single production run

and is uniform in composition. The working virus bank

(WVB) is derived directly from the MVB. As with the cell

banks, the purpose of a virus bank is to have a consistent

source of virus that is shown to be free of adventitious

agents for use in production of clinical or product batch-

es. In keeping with cGMP regulations, testing of the cell

bank that will be used for production of the virus banks,

including quality assurance testing, should be completed

before the use of this cell bank for production of virus

banks.

QUALIFICATION

Cell and viral bank characterization is an important

step toward obtaining a uniform final product with lot-

to-lot consistency and freedom from adventitious

agents. Testing to qualify the MCB or MVB is performed

once, and can be done on an aliquot of the banked ma-

terial or on cell cultures derived from the cell bank. Spe-

cifications for qualification of the MCB or MVB should be

established. It is important to document the MCB and

MVB history, the methods and reagents used to produce

the bank, and the storage conditions. All the raw mate-

rials required for production of the banks—media, sera,

trypsin, and similar substances—must also be tested for

adventitious agents.

QUALIFYING THE MASTER CELL BANK

The FDA Guidance for Human Somatic Cell Therapy

and Gene Therapy (March 1998) provides specific re-

commendations for qualifying MCBs. Additional guid-

ance is provided in ICH Q5D. A description and history

of the cell line is required, along with a description of

the freezing process, storage conditions, and the number

of vials prepared. The identity of the cells should be ana-

lyzed by genotypic and/or phenotypic markers. For MCB

containing vector sequences, the presence and integrity

of the vector should be demonstrated using molecular

assays (restriction endonuclease mapping and/or nucleic

acid sequencing) and/or measurement of vector gene

expression. Purity must be analyzed to exclude bacterial,

mycoplasma, fungal, and viral contamination (other

than vector sequences). Freedom from adventitious vi-

ruses should be demonstrated using both in vitro and

in vivo virus tests and appropriate species-specific tests

such as the mouse antibody production (MAP) test. Spe-

cial attention should be given to the detection of replica-

tion-competent virus (RCV) arising from recombination

of the vector and viral sequences. The MCB is further

qualified by tests conducted on cells (from the MCB or

WCB) expanded to the limit of in vitro cell age for pro-

duction.

QUALIFYING THE MASTER VIRUS BANK

Testing of the MVB is similar to that of the MCB and

should include testing for freedom from adventitious

agents in general (such as bacteria, fungi, mycoplasma,

or viruses) and for organisms specific to the production

cell line, including RCV. Identity testing of the MVB

should establish the properties of the virus and the stabil-

ity of these properties during manufacture.

QUALIFYING THE WORKING CELL OR VIRUS BANK

Characterization of the WCB or WVB is generally less

extensive and requires the following: (1) testing for free-

dom from adventitious agents that may have been intro-

duced during generation of the WCB, (2) testing for RCV,

if relevant, (3) routine identity tests to check for cell line

cross-contamination, and (4) demonstration that ali-

quots can consistently be used for final product produc-
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tion. This assumes that the WCB and WVB were prepared

in a controlled environment using media and equipment

that were screened appropriately for adventitious agents.

If not, additional release testing is required.

In-Process Controls

Manufacturing processes should have well-defined

go–no go decision criteria that are applied to key in-

process intermediates and are used to pool material that

has been processed through a step in several sublots.

Quality must be built into the product as well as tested

during batch release. In-process controls are the assays

or tests that are performed to ensure that the in-process

intermediate is of sufficient quality and quantity to en-

sure manufacture of a quality final product. Examples

of in-process controls are listed in Table 2. The main rea-

son for performing the in-process control is to ensure

that the correct product with anticipated quality and

yield is obtained. Intermediate in-process material that

fails to satisfy the in-process control criteria should not

be used for further manufacturing. This material may

be reprocessed if there are procedures in place for such

activities. The reprocessed material must satisfy the orig-

inal in-process specifications before it can undergo fur-

ther manufacturing. If several sublots will be pooled for

further processing, sublots that fail to satisfy the criteria

should not be included in the pool, even if the pool con-

taining these failed sublots would pass the in-process as-

say criteria. During clinical development, assays for

product quality and yield should be performed after

most processing steps to determine which steps are crit-

ical and which assays are most sensitive to deviations in

the process. The information from these runs is also used

to set the criteria for the selected assays. In-process con-

trols are performed for fully validated processes to ensure

that the process continues to be under control. The re-

sults of these assays should be trended, and actions

should be taken to correct problems as they arise.

Table 2. Examples of In-Process Control Applications

Type of Product Attribute to Control

Viral gene therapy Quantity of virus after virus culture

Specific activity of virus in fractions after column chromatography

Quantity of host-cell DNA in fractions after column chromatography

Nonviral gene therapy Optical density or change in oxygen consumption during culture

Amount and form of plasmid before culture harvesting

Amount and form of plasmid after extraction steps

Amount of pyrogen or endotoxin after extraction steps in plasmid

pool
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Specifications

The specification for a gene therapy product should be

chosen to ensure the safety and efficacy of the product

before use. Selected tests should be product specific

and should have appropriate acceptance criteria to en-

sure that the product exhibits consistent quality param-

eters within acceptable levels of biological variation, loss

of activity, physicochemical changes, or degradation

throughout the product’s shelf life. The development

and setting of specifications for cell and gene products

should follow the principles outlined in ICH Q6B and

should reflect the FDA guidance on the Content and Re-

view of Chemistry, Manufacturing, and Control (CMC)

Information for Human Gene Therapy Investigational

New Drug Applications (INDs).

Establishing specifications for a drug substance and

drug product is part of an overall manufacturing control

strategy that includes control of raw materials, excipi-

ents, and cell and virus banks; in-process testing; process

evaluation and validation; stability testing; and testing

for consistency of lots. When combined, these elements

provide assurance that the process is in control and that

the key quality attributes of the product are maintained.

Appropriate specifications are established on the basis of

thorough characterization of the product during the de-

velopment phase and an understanding of the process

and its capability. Characterization should include mea-

surements of the physicochemical properties, safety, pu-

rity, process and product-related impurities, potency,

viability, sterility, and quantity. Specifications for each

product and its ingredients should be developed from

this information by application of appropriate statistical

methods. The data should include lots used in preclinical

and clinical studies and should also include assay and

process validation data that can be correlated to safety

and efficacy assessments. Specifications should accom-

modate the inherent variabilities exhibited by the pro-

duction process and by the assay. Some lot-release

specifications typically applied to biologics may require

re-examination for these product types.

The procedures in a specification for the product are

anchored by appropriate reference standards. The refer-

ence standard for the product ensures that the product,

as measured by the release assays, does not change sig-

nificantly over time. The reference standard is manufac-

tured using the same process as used for clinical

production and is subject to all in-process and final re-

lease testing. In addition, the reference standard may

be subjected to additional characterization not typically

performed as part of lot release. The reference standard

need not be stored at the same dose, formulation, or

temperature as the product, but the stability of this refer-

ence standard should be determined. The reference stan-

dard verifies that a test produces acceptable results

(passes its system suitability tests). A specific assay stan-

dard (working standard) can be used in the test, but it

should be calibrated against and behave like the refer-

ence standard. Changing to a new reference standard

(lot) should include many tests, all of which are run side

by side with the existing reference standard. The impact

of any change in the properties of the new reference

standard should be carefully evaluated before it is adopt-

ed.

Additional specifications may be needed to produce a

safe and effective gene therapy product. These might re-

late to some of the controls and action limits used to

maintain standards and consistency for raw materials, ex-

cipients, and the manufacturing process (see Ancillary

Materials and In-Process Controls). Specifications should

be established to allow acceptance of raw materials

and excipients used in the final formulation of the pro-

duct. In addition, tests should be performed at critical de-

cision steps during manufacture or at points where data

serve to confirm consistency of the process. In-process

release specifications should be established for each con-
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trol step. Heterogeneity can result from the manufactur-

ing process or storage of the product. Therefore, the

manufacturer should define the pattern of heterogeneity

within the product and should establish limits that will

maintain the therapeutic efficacy and safety of the pro-

duct.

In some cases, specifications may be established for lot

release as well as for shelf life. As discussed in ICH Q5C

and Quality of Biotechnological Products: Stability Testing

of Biotechnological/Biological Products h1049i, the use of

different specifications should be supported by sufficient

data to demonstrate that the clinical performance is not

affected. Acceptance criteria should be established and

justified on the basis of data obtained from lots used in

preclinical and clinical studies and lots used for demon-

stration of manufacturing consistency and on the basis of

relevant development data such as those arising from va-

lidated analytical procedures and stability studies. Accep-

tance criteria should also be correlated with safety and

efficacy assessments.

Once specifications have been established, test results

should be trended. Results that are out of specification

(OOS)—or even those that are out of trend—should be

investigated before the material is considered for further

processing. The purpose of an investigation is to deter-

mine the cause of the discordant result. FDA’s Guidance

on Investigating Out-of-Specification (OOS) Test Results

for Pharmaceutical Production provides a systematic ap-

proach for conducting an investigation. An assay result

can be rejected if it can be confirmed that an error, such

as analyst error, calculation error, or equipment failure,

has taken place. If the investigation concludes that the

product is not within the specification, the lot should

be rejected. In unique situations, a product that does

not meet all specifications may have to be administered

to a patient. However, procedures must be in place to

govern the communication of the OOS results to the

physician or to the person responsible for making the de-

cision to use the product and to provide instruction for

any follow-up testing, patient monitoring, and commu-

nication of those results.

Considerations for Validation

The potential for wide biological variation in gene ther-

apy products, particularly for patient-specific treatments,

affects the validation effort. Nevertheless, the basic prin-

ciples of process validation for any biological product, in-

cluding recommendations by ICH, FDA guidance

documents, Validation of Compendial Methods h1225i,

and Validation of Microbial Recovery from Pharmacopeial

Articles h1227i, apply to the validation of most gene ther-

apy products. Guidelines for validating viral vaccines can

be relevant to gene therapy processes that produce viral

vectors. The hold steps in a manufacturing process

should be validated to ensure that in-process intermedi-

ates are within specification and that the quality attri-

butes of the final product are maintained. Product-

release assays should be validated before production of

the materials for Phase III pivotal clinical trials.

Process validation demonstrates that the unit opera-

tions of the manufacturing process perform consistently

and can generate a quality product that meets specifica-

tions. Because biological processes are prone to variabil-

ity, the consistency and robustness of the manufacturing

process should be determined by validating the process

on at least three lots. Process validation issues pertinent

to cell-based products are addressed in h1046i.

If possible, the process should be validated for virus

clearance according to principles discussed in ICH Q5A.

If this is difficult because of the nature of the gene ther-

apy vector (e.g., enveloped virus), additional characteri-

zation of cells and animal-derived components used in

the production process should be considered. If the gene

therapy product is manufactured in a multiproduct facil-
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ity, validate cleaning of multiproduct equipment and

rooms to demonstrate the effectiveness of cleaning

agents to inactivate or remove virus.

MANUFACTURING OF GENE THERAPY PRODUCTS

Introduction

Principles for the production of pharmaceutical or bio-

logical products are also relevant to the production of

gene therapy vectors for use in humans. The same cGMP

requirements are applied to ensure high-quality product

is delivered to the patient. Because of the nature of gene

therapy manufacturing systems, most manufacturers

face development issues such as scalability, yield, cost ef-

ficiency, and product stability.

Most gene therapy vectors have been produced only in

relatively small batches necessary to meet the needs of

early clinical trials conducted in small numbers of pa-

tients. However, the promise of gene therapy in larger

patient populations has led to progress in large-scale pro-

duction and purification technology. This section focuses

on designing vectors for gene therapy and choosing a

suitable production technology.

Design Considerations for Gene Vectors

TYPES OF VECTORS

A typical gene therapy vector is composed of: (1) the

vector backbone; (2) a promoter; (3) the therapeutic

gene, either as cDNA or genomic sequence; and (4) a

polyadenylation signal. A wide array of viruses—includ-

ing murine and human retroviruses, adenoviruses, parvo-

viruses such as AAV, herpes viruses, poxviruses, toga

viruses, and nonviral plasmid therapy systems—have

been developed for gene therapy applications. These

vectors (see Table 3) differ greatly in terms of their capa-

city to deliver genetic material and the duration of ex-

pression. Some viral vectors preferentially target

dividing cells, but others are capable of transducing both

dividing and nondividing cells. There are significant var-

iations in transgene capacity (i.e., there are limitations on

the size of the foreign DNA fragment that can be incor-

porated into the vector genome). The level, timing, and

duration of gene expression required for a gene therapy

product depends on the clinical indication. Low-level,

long-term gene expression may be required for some dis-

eases, including adenosine deaminase (ADA) deficiency

or type A and type B hemophilia. High-level, short-term

expression may be more appropriate for cancer when

genes that induce apoptosis are used or for cardiovascu-

lar disease when preventing hyperproliferation of

smooth-muscle cells that may impede restenosis of sa-

phenous vein grafts.
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Table 3. Types of Gene Vectors

VIRAL

NON-

VIRAL

Family Retroviridae

Adenovir-

idae

Parvoviri-

dae

Herpes-

viridae

Togaviri-

dae

P o x v i r i -

dae

Examples

species

M u r i n e

Leukemia

Virus

HIV A d e n o -

virus

AAV H e r p e s

S i m p l e x

Virus

Sindbis Poxvi rus

(Vaccinia)

P l a s m i d

derived

Vector Characteristics

Insert size

limit

8 kb 8 kb 4.3–34 kb 4–5 kb 4 0 – 1 5 0

kb

5 kb 25–50 kb 12 kb

Chromo-

some inte-

gration

Yes Yes No, ep i -

somal

C a n b e

integrat-

ed or epi-

somal

C a n b e

integrat-

ed or epi-

somal

No No Yes, but

a t v e r y

low f re -

quency

Therapeu-

tic expres-

sion

Stable Stable Stable or

transient

Stable Stable or

transient

Transient Transient Stable or

transient

Vector lo-

calization

Nucleus Nucleus Nucleus Nucleus Nucleus C y t o -

plasm

C y t o -

plasm

Nucleus

Ty p e s o f

cells trans-

duced

Dividing

only

Div id ing

and qui-

escent

Div iding

and qui-

escent

Div iding

and qui-

escent

Divid ing

and qui-

escent

Div iding

and qui-

escent

Div iding

and qui-

escent

Dividing

and qui-

escent

Efficiency

o f g e n e

transfer

High High High High High High High Low

Expression

o f v i r a l

proteins

No No Yes , un -

less viral

genes de-

leted

No Yes Yes Yes No

Other Tropism can be altered

by pseudotyping

C a n b e

used as a

p l a s m i d

t h e r a p y

system

Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1345

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



VECTOR DESIGN CRITERIA

Many types of gene therapy vectors are being devel-

oped, and the vector selected for a particular clinical ap-

plication depends on the disease state, the target cell,

and the intended route of administration. As shown in

Table 3, capacity depends on vector type, so clinical ap-

plications that require a large amount of genetic material

will limit the choice of vector system. The payload of a

vector system becomes increasingly important when

one designs vectors with genomic DNA or a vector that

contains extensive regulatory sequences.

Vectors are also selected based on the intended dura-

tion of expression and the target cell. For example, retro-

viral vectors integrate stably into target cells and are

therefore well suited for stem cells or lymphocytes that

are expected to undergo extensive cell division. In con-

trast, adenoviral and plasmid vectors are episomal and

may be lost during cell division. However, adenoviral vec-

tors are attractive for vaccine development and cancer

applications where tumor cell elimination is the goal.

Other vectors, such as AAV, do not integrate at high effi-

ciency but can be expressed long-term in nondividing

cells such as neurons or hepatocytes.

Target cell type can also play into the selection of an

appropriate vector system (see Targeting Transduction).

For example, the adenoviral coxsackievirus B and adeno-

virus receptor (CAR) is expressed poorly on hematopoiet-

ic tissues, which limits the usefulness of the vector system

for blood-derived cells. Vectors based on murine retro-

viruses require cell cycling and are not well suited to

the transduction of nondividing cells such as neurons.

The immune system can target both the viral compo-

nents of the vector and the expressed transgene. Pre-

existing antibodies or cellular immunity to certain vector

systems can exist and may limit their usefulness. Vectors

can elicit an innate immune response that can decrease

the efficiency of gene transfer and may also induce a se-

vere adverse event. A large number of current gene ther-

apy approaches seek to limit toxicity and immune

response by administration of vector to cells ex vivo.

Nevertheless, the majority of diseases suitable for gene

therapy will require in vivo administration, and ongoing

research seeks vectors with limited immune recognition.

The route of administration and manipulation of the

total dose of vector are strategies that can be used to

compensate for some limitations of specific vector sys-

tems. Additionally, there are advantages and disadvan-

tages for the manufacture of each of the different

vector systems that should be considered when planning

a clinical application. Production consistency favors sys-

tems with well-defined fermentation or culture systems,

such as plasmid, retroviral, or adenoviral vectors. For viral

vector systems that require helper functions (see below),

a rationally engineered cell line can overcome the scal-

ability and consistency limitations of co-transfections.

Use of a cell line that is adapted to suspension culture

can affect scalability and cost efficiency.

TARGETING TRANSDUCTION

To be effective, a vector must first find and transduce

its target cell. Viruses have a natural host range that is

strongly influenced by the expression of specific cell-

surface receptors, the current phase of the cell cycle,

and the route of administration. Integrins are a class of

cell-adhesion receptors that interact with either the pen-

ton base or the fiber protein of adenoviruses. The fiber

and penton base proteins of adenoviruses mediate bind-

ing to the CAR, CD46, and integrins. Adeno-associated

viruses primarily interact with heparan sulfate proteogly-

can and sialic acid receptors on the cell surface. However,

interaction with secondary receptors such as integrins,

laminin, and growth factor receptors is required for effi-
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cient cell entry and trafficking of virus particles to the nu-

cleus. An amphotropic variant of the murine leukemia vi-

rus (MLV) , commonly used for gene therapy

applications, utilizes the sodium-dependent phosphate

transporter RAM-1 to enter cellular targets. Expression

levels of each of these receptors vary according to tissue

type, which dictates the transduction efficiency of the

vector.

The host and tissue range can be modified or targeted

by biochemical and genetic manipulation of the vector.

Alterations in the tissue and cell specificity of retro-

viruses—and lentiviruses in particular—occur largely

though genetic pseudotyping. During this process, the

envelope proteins that dictate virus binding and entry

via a specific cellular receptor of one virus are replaced

with the envelope protein of another retrovirus or with

a protein from an entirely different virus such as the ve-

sicular stomatitis virus glycoprotein. The relative com-

plexity of adenovirus and adeno-associated virus

capsids allows them to be genetically modified in several

ways. Substitution of a single virus protein (e.g., adeno-

virus fiber or AAV VP1) with that of another serotype

within the same family is very much like the pseudotyp-

ing process for retroviruses. However, mosaic virus parti-

cles created by interspersing individual capsid proteins

from several different virus serotypes in one virion, and

chimeric particles created by capsid proteins of two dis-

tinctly different serotypes on a particle of yet another se-

rotype (e.g., adenovirus 35 knob on adenovirus 41 fiber

on an adenovirus 5 particle) can also effectively change

the types of cells and tissues that a vector can transduce.

Although this approach may seem straightforward, cer-

tain modifications of virus capsid proteins at the genetic

level do not facilitate virus particle formation. Although

most modifications improve virus uptake in one specific

cellular target, they may also increase uptake in several

other tissues in which gene transfer would not be desir-

able. Thus, selection of proteins and ligands must be

carefully considered and tested in preclinical models of

disease before these vectors can be used extensively.

Viral coat proteins and nonviral vectors can be chemi-

cally modified for ligand-mediated receptor targeting.

They can be conjugated to cell-targeting ligands by

antibody–virus interactions with bi-specific antibodies.

Molecular bridges like biotin–avidin complexes and

chemical crosslinkers such as bifunctional polyethylene

glycol (PEG) tethered to cell specific receptor-binding

proteins are easily conjugated to virus particles and often

are incorporated in targeting strategies. These approach-

es can easily be combined and/or exchanged with genet-

ic modifications and with each other to create vectors

that effectively target several receptors. Although the

biochemical approach avoids the functional complica-

tions of introducing foreign domains into viral proteins,

each lot of vector must be modified because progeny vi-

rus will default to their original genetically encoded tro-

pism. Biochemical processes also require the use of

multiple reagents, which may complicate transfer to

the clinic.

Another common and effective strategy to target viral

vectors to tumor cells takes advantage of the virus repli-

cation cycle. Deletion of genes critical for taking over

functional cellular checkpoints to support normal virus

replication allows the virus to replicate only in cancerous

cells where those checkpoints are either defective or in-

active. This effect can be further enhanced creating small

mutations in virus replication genes driven by tumor- and

tissue-specific promoters. With respect to cell cycling,

adenoviruses and adeno-associated viruses easily infect

both quiescent and dividing cells, but MLV-based retro-

viral vectors are efficient only when transducing rapidly

dividing cells. Lentiviral vectors can infect quiescent cells,

including cells of neuronal origin. In general, nonviral

vectors can enter both dividing and nondividing cells

but have lower transduction efficiencies than viral vec-

Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1347

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



tors. Transduction efficiencies of nonviral vectors can be

enhanced by the formulation and direct injection in the

tissue of interest.

INFLUENCE OF HUMORAL IMMUNE SYSTEM AND

COMPLEMENT

One of the most significant barriers to effective gene

transfer is the humoral immune response to the vector.

Regardless of the route of administration, the intended

target cell, and the dose, the vector is likely to encounter

some component of the immune system. For viral vec-

tors, the humoral immune system cannot readily distin-

gu i sh between wi ld - type v i ra l in fect ions and

recombinant viral vectors because the humoral response

is directed against proteins in the viral envelope or cap-

sid. Protein-containing formulations of nonviral vectors

can also elicit a humoral immune response. Specific

and cross-reacting humoral responses may pre-exist be-

cause of natural exposure to wild-type versions of viral

vectors, or they may be elicited during dosing, and the

antibody response may vary in its capacity to diminish

gene transduction in individual patients. Because neu-

tralizing capacity is frequently enhanced upon multiple

dosing, repeated administration can also be problematic.

Some of these issues may be remedied by the use of non-

viral systems. However, the level of transduction efficien-

cy of these vectors is not currently sufficient for many

gene-transfer applications. Transduction efficiency of all

vectors is also importantly compromised by the comple-

ment system. Many complement proteins have a natural

affinity for virus capsid proteins. This interaction initiates

release of cytokines and chemokines that facilitate rapid

removal of vector from the systemic circulation. This af-

finity is often heightened (especially in the case of retro-

viruses) when nonhuman cellular proteins and culture

components (e.g., fetal bovine serum) are incorporated

into and/or coat the virus particle during large-scale pro-

duction. Use of producer cell lines of human origin and

serum-free culture conditions has decreased inactivation

of vectors by complement.

Several strategies for mitigating and avoiding the hu-

moral immune response and complement inactivation

have been developed. Increasing the vector dose to com-

pensate for the neutralizing activity of the antibodies and

altering dosing regimens to coincide with periods of low

antibody titer are logical choices, but possible toxicity as-

sociated with high doses of virus and the individual vari-

ability of the immune response are potential negative

consequences of this approach. Alternatively, viral vec-

tors can be engineered to evade the immune system.

One approach involves increasing expression of specific

viral genes that allow the virus to evade the host’s humor-

al response. Recombinant viruses constructed from sero-

types with limited exposure rates such as simian

adenovirus 7 can avoid neutralization in those previously

exposed to more common serotypes. Mosaic and chi-

meric viruses can also avoid neutralization. Both ap-

proaches effectively address the issue of efficient gene

transfer in those with pre-existing immunity, but both

approaches require further investigation in response to

concerns regarding safety and large-scale production as

well as induction of immune responses in naive patient

populations. Covalent attachment of polyethylene glycol

(PEGylation) to the virus capsid can both protect the vi-

rus from neutralization and blunt the immune response.

Pharmaceutical methods such as embedding viral vec-

tors in polymer matrices and administration of vectors

to the mucosa (oral and nasal) can also protect viral vec-

tors from the humoral immune response.
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INFLUENCE OF CELLULAR IMMUNE RESPONSES

Once transgene expression is initiated, cellular im-

mune responses rapidly remove cells transduced by both

viral and nonviral vectors. This decreases the overall ther-

apeutic effectiveness of gene transfer of low-to-moderate

vector doses and can be highly toxic when higher doses

are administered. Active protein synthesis is not required

for cellular immune responses to viral capsid proteins. For

example, the capsid proteins of recombinant AAV vectors

have been shown to be long-lived, leading to a delayed

immune response and elimination of vector-transduced

cells. De novo synthesis of viral gene products can also

exacerbate host-cellular responses. Viral vectors have

been designed with specific backbone deletions to elim-

inate the expression of viral structural genes and reduce

this effect. Examples of such vectors include gutless ade-

noviruses, herpes viruses, and adeno-associated viruses

in which all viral genes have been deleted, making them

dependent on another helper virus for subsequent repli-

cation. Certain plasmid sequences, especially those with

unmethylated CpG dinucleotides, can elicit a strong cel-

lular immune response and have been used as adjuvants

in some DNA-based vaccines. Amplifying plasmids in

bacteria that express the CpG Methylase (M.SssI), re-

moval of CpG sequences by site-directed mutagenesis,

and removal of unnecessary prokaryotic sequences to

create minimal plasmids have reduced the incidence of

unwanted cellular responses. One nonmolecular ap-

proach to minimize the cellular response against the vec-

to r invo lves the use o f immunosuppres sant s

(cyclosporine, sirolimus, dacluzumab) at the time of ini-

tial vector administration as well as methods described

for reducing the humoral response (use of chimeric vec-

tors, PEGylation) outlined above.

ANTIGENICITY OF THE GENE THERAPY PRODUCT

In many cases, the gene therapy product and associat-

ed promoter and enhancer elements are antigenic in cer-

tain cellular targets. When proteins that are retained in

the target cell are used, cellular responses may eliminate

the target cell. If sustained protein expression is required,

the cellular immune response may decrease the effective-

ness of the therapy or eliminate it entirely. In terms of

treating genetic diseases, patients with a null mutation

who have never seen the transgene product may be at

a higher risk for immune response than patients who pro-

duce a defective protein. Also, truncation of a gene such

as the cystic fibrosis transmembrane conductance regu-

lator (CFTR) so that it fits within a chosen vector may re-

sult in creation of a distinct antigen.

In other applications, the transgene product is a for-

eign protein, e.g., thymidine kinase derived from the her-

pes simplex virus (HSV), and thus may elicit an immune

response. In some cases this is the desired therapeutic ef-

fect, particularly in antigen-based immunotherapy for

cancer or a viral disease. Efforts to minimize the immune

response against elements associated with the transgene

cassette include designing vectors with the ability to car-

ry full-length humanized sequences for the transgene of

interest and administration of immunosuppressants at

initial dosing and other intervals throughout the treat-

ment protocol.

VECTOR LOCALIZATION WITHIN THE TARGET CELL

Once the vector reaches the target cell, several factors

can affect the level and duration of therapeutic gene ex-

pression, and these factors dictate the choice of an ap-

propriate vector system for a specific clinical indication.

The localization of the vector genome within the cell,

the strength of the gene expression control elements,

the stability of the message, and the stability of the trans-

lated protein all affect therapeutic impact. Alphavirus-
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based vectors, such as those derived from Sindbis or

Semliki Forest virus, reside in the cytoplasm and typically

exhibit a very high level of gene expression. Retroviral,

adenoviral, and other viral vectors have advantages in

gene delivery with their natural mechanisms for nuclear

delivery of the therapeutic gene and reasonable levels of

gene expression from viral or other promoters. Nonviral

plasmid vectors are episomal and are often susceptible to

DNA degradation when they are shunted into cell endo-

somes. However, some nonviral systems incorporate nu-

clear targeting signals as a means of increasing

therapeutic gene transcription efficiency.

TISSUE-SPECIFIC EXPRESSION

Another means of controlling gene expression is the in-

corporation of tissue-specific promoters to stimulate or

to restrict expression of the therapeutic gene. Unfortu-

nately, many tissue-specific promoters do not provide

high levels of gene expression, and incorporating these

sequences into viral vectors may result in loss of specific-

ity or low-level expression in cells that do not normally

express the promoter. Tagging vector with sequences re-

cognized by the microRNA system has also permitted

tissue-specific expression and may offer tighter control

than typically seen with tissue-specific promoter systems.

Drug-responsive promoters are being used to control

gene expression. Rapamycin, mifepristone, and tetracy-

cline (tet-on) systems have been used to repress gene ex-

pression. This type of regulation is particularly useful

when constitutive expression of the vector transgene is

toxic.

IMPACT OF REPLICATION STATUS OF VECTOR

Replication status is another important consideration

for vector design and selection. Viral vectors are most fre-

quently constructed to be incompetent or replication-

defective in order to limit uncontrolled vector spread

and pathogenicity. However, the ability to replicate and

spread within a specific cell population, e.g., within a tu-

mor or to metastatic sites, may provide a significant ther-

apeutic advantage over cell-type–specific targeting of

replication-incompetent vectors. Replication can be en-

gineered to be conditional when, for example, specific

viral gene interactions are matched with intracellular

pathway targets by means of targeted deletions and/or

changes in transcriptional or translational control. When

these targets are defective or missing, as in cancer cells,

the virus can replicate, but when the target cell is func-

tioning normally, viral replication is repressed. Viruses

that have been genetically engineered for selective onco-

lytic replication include: adenovirus, HSV, vaccinia, mea-

sles virus, picornaviruses, influenza virus, Coxsackie virus,

and Sendai virus. Some nongenetically-modified viruses

are inherently oncolytic in human cells, e.g., reovirus

and Newcastle disease virus.

One of the risks inherent in the use of conditionally re-

plicating viral vectors is that such systems are leaky, i.e.,

the growth of the virus is not absolutely restricted to a

single cell type. Also, subsequent rounds of viremia be-

come considerations in the evaluation of tissue distribu-

tion/exposure and shedding. The therapeutic promise of

these approaches depends on the reliability with which

conditionality of replication can be selected or engi-

neered. This therapeutic potential will be realized only

if balanced with steps to control the potential risks to pa-

tients (associated with replication competence of the vi-

ruses/viral vectors) and to address associated shedding-

related issues of third party exposure and environmental

concerns.

As a proactive contribution to the safety profile and to

take advantage of scientific and clinical information al-

ready available, virus strains that have been used for hu-

man vaccination are often used as the vector backbone.
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Nevertheless, because the product is replication compe-

ten it presents specific technical challenges for adventi-

tious agent testing and product characterization.

Nonviral vectors are normally designed as nonreplicat-

ing systems, but some groups are experimenting with re-

plicating nonviral plasmids to increase gene expression

levels (because of the low transduction efficiency of most

nonviral systems) and to increase the duration of gene

expression. Additional preclinical studies are needed to

establish the safety of these systems. Artificial chromo-

somes have also been designed to take advantage of nor-

mal mechanisms for retaining gene expression in rapidly

dividing target cells.

VECTOR INTEGRATION

The duration of gene expression is also a function of

the persistence of the vector genome in target cells. Ret-

roviral vectors can stably integrate into the host-cell ge-

nome, providing long-term expression. Adenoviruses

and nonviral plasmid vectors, e.g., those not adminis-

tered using electroporation, do not integrate, and ex-

pression generally decreases over time. Recombinant

AAV vectors generally do not integrate, and when they

do, it is not site specific. However, stable episomes have

been observed in certain cell types such as muscle cells.

Site-specific integration can be a desirable feature for

vectors that are intended to correct genetic disorders. Al-

though it is not currently efficient enough to be useful,

the control of the site of integration is desirable in order

to prevent insertional mutagenesis. Insertional mutagen-

esis has the potential to kill a cell if a critically functioning

gene is inactivated or to predispose a cell to malignant

transformation if a tumor-suppressor gene is inactivated.

Of clinical relevance, promoter or enhancer elements

within vectors can lead to activation of cellular onco-

genes and have been associated with malignant transfor-

mation in children undergoing retroviral gene transfer

for X-linked severe combined immunodeficiency.

The success of any gene therapy product depends on

the relationship between the vector-delivery system and

the requirements of the disease in terms of the site, level,

and duration of therapeutic gene expression. A universal

vector now appears unlikely, and the challenge lies in fit-

ting one of several possible vectors to the disease and to

the gene to be delivered.

Manufacturing and Purification Strategies

VECTOR CONSTRUCTION

Viral and nonviral gene-transfer vectors are construct-

ed by using standard molecular biology protocols. For vi-

ral vectors, the vector backbone consists of viral RNA or

DNA sequences from which the regions encoding viral

structural genes or the regions required for replication

have been deleted. The deleted region of the vector is us-

ually modified with specific restriction endonuclease sites

used to allow insertion of the gene of interest. For non-

viral vectors, the plasmid DNA backbone contains multi-

ple restriction sites for cloning and the bacterial elements

necessary for plasmid production. Vector backbones can

accommodate single or multiple gene insertions depend-

ing on the maximum amount of sequence they can carry.

The promoter that facilitates transcription of the gene in-

sert can be a related viral promoter, such as the murine

leukemia virus long terminal repeat (MuLV LTR), or a het-

erologous promoter that is either tissue specific, such as

the alpha crystalline promoter (of the eye), or constitu-

tive, such as the cytomegalovirus (CMV) late gene pro-

moter. For example, in a retroviral vector construct

containing two gene inserts, transcription of one is reg-
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ulated from the 5’-LTR-promoter sequence, and a second

gene insert can be linked to an internal heterologous pro-

moter from Simian virus 40 (SV40).

The complementary DNA (cDNA) containing the ther-

apeutic gene of interest, including its introns, is excised

from its source using restriction enzymes and is inserted

at the multiple cloning site of the gene-transfer vector.

The polyadenylation signal can be derived from multiple

sources such as the SV40 virus or human growth hor-

mone gene. Characterization and testing of gene ther-

apy vectors are described under Analytical Methods.

HELPER FUNCTION SYSTEMS

Recombinant viral vectors are most often modified to

be replication defective, a condition created by deletion

or modification of the viral genes needed for replication

and production of infectious virus. Because the vectors

are stripped of some or all of the viral genes, a system

must be developed to supply viral proteins and to encap-

sulate the vector into a viral particle. Generally, this is ac-

complished by two methods: transient transfection or

stable packaging cell lines.

In the transient transfection method, a series of differ-

ent plasmids are generated, including a plasmid contain-

ing the vector and another vector containing the viral

genes. For example, retroviral vectors can be generated

using a three-plasmid system: (1) the transgene-

containing vector plasmid; (2) a plasmid containing the

gag/pol viral gene region; and (3) a plasmid containing

the viral envelope. All three plasmids are transfected into

cells, e.g., HEK293 or HT1080, and vector-containing vi-

rions are harvested after two to three days. The separa-

tion of vector and viral genes on different plasmids,

along with vector designs that minimize the homology

between vector and viral sequences, decrease the chance

for recombination and generation of replication-compe-

tent virus. Similar approaches can be taken with most vi-

ral vector systems.

The transient transfection method has the advantage

of a rapid production time and flexibility when changing

components of the vector or viral constructs. Neverthe-

less, it can be cumbersome when scaling up for manufac-

turing, and special care must be taken to provide

consistent production yields. An alternative method has

been the use of vector packaging cell lines. In this scenar-

io, the viral genes are introduced stably into an immor-

talized cell line that yields persistent expression of viral

genes. As with transient transfection, the viral genes gen-

erally are expressed from different plasmids to decrease

the risk of recombination. Since plasmids integrate infre-

quently, considerable time and effort are required to iso-

late a high-titer packaging cell line and to generate an

MCB. Vector constructs can be introduced into cells from

the MCB, and researchers, by screening for a high-titer

clone may allow isolation of a stable cell line that gener-

ates the vector of interest. These cell lines generally can

be expanded to great numbers and often produce vector

for up to a week at a time, facilitating vector scale-up and

product consistency.

Typical helper function systems are as follows:

Retroviral Vector Systems—Initial packaging cells

were based on the murine fibroblast cell line NIH 3T3.

The PG13 cell line (expressing the Gibbon Ape Leukemia

Virus envelope) has been used extensively with a low in-

cidence of recombination events leading to RCV. More

recently, the human HEK293 and HT1080 cell lines have

been modified to serve as packaging cell lines for retro-

viruses. The use of a human cell line decreases elimina-

tion of vector particles by the human complement

system (although this is generally not a concern for vec-

tors used in ex vivo protocols).
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Adenoviral Vector Systems—HEK293 cells are

widely used to supply the E1 function necessary for effi-

cient adenoviral replication that is deleted from first-

generation adenoviral vectors. Other complementing

cell lines, such as E1-modified A549 cells (human lung

carcinoma) and the PER.C6 cell line (human embryonic

retinoblast), have also been created to supply E1 or other

missing functions. PER.C6 contains the E1 region under

the control of a phosphoglycerate kinase (PGK) promoter

and has no flanking adenoviral sequences in order to el-

iminate production of replication-competent adenovirus

(RCA).

AAV Vector Systems—These systems classically use

adenovirus-infected HEK293 cell lines transiently trans-

fected with AAV helper plasmid containing the rep and

cap genes, which are required for AAV replication and

capsid formation, respectively, and are deleted from

the AAV vector. In some AAV production systems, wild-

type adenovirus has been removed from the process by

using triple transfection of plasmids expressing Ad early

genes, rep and cap, and the vector transgene. The HeLa

cell line (from human uterine cervical carcinoma) has also

been used as a transient production system. More re-

cently, both of these cell lines have been used to establish

stably transfected packaging cell lines that express rep

and cap genes and in some cases express the adenoviral

functions needed for AAV replication when rep and cap

are present (E1a, E1b, E2a, E4, and VA RNA). AAV produc-

tion systems using recombinant HSV and Baculovirus

have also been developed.

Gutless Adenoviruses—Early manufacturing sys-

tems for the adenovirus vector known as gutless adeno-

virus were similar to classical AAV vector manufacturing

systems because HEK293 cells were transiently trans-

fected with helper plasmid containing required adenovir-

al functions. Development of helper viruses housing a

packaging signal flanked by loxP sites and complement-

ing HEK293 cell lines that express the bacteriophage P1

site-specific Cre recombinase has greatly improved the

yield of the gutless virus. This technology notably reduc-

es the amount of helper virus contamination by prevent-

ing packaging of the helper virus genome while

permitting it to replicate and support replication and en-

capsidation of the gutless vector.

VIRAL GENE THERAPY VECTORS

Retrovirus and adenovirus vectors typically have been

produced at laboratory, non-GMP scale by use of tradi-

tional cultivation methods for anchorage- and serum-

dependent cell lines employing flasks, trays, and roller

bottles. Initially, gene therapy vectors were produced

by these methods because large volumes of product

were not required for early clinical studies. Cell-bank sys-

tems are used as the source of cells, and virus banks are

the source of virus for clinical production. In many cases,

supernatant is collected, clarified, and stored frozen in

bags at –708. In many early clinical trials, unpurified su-

pernatant has been used for ex vivo gene transfer.

Larger-scale upstream production methods have been

reported and are commonly used. They include suspen-

sion, bioreactor, and fixed-bed or microcarrier culture

methods. Some groups have reported adapting their

process cells to serum-free culture conditions. Cells are

harvested and lysed or supernatant is collected. The har-

vest is clarified and purified to remove host-cell debris,

host-cell DNA, and other process-derived contaminants.

Traditionally, viruses are purified by gradient ultracen-

trifugation, but this is time-consuming and unsuitable for

larger-scale production purposes. The selection of down-

stream process steps and their sequence is determined

by the nature of the virus itself and the upstream process

used for manufacturing the virus. As processes are being

developed for the manufacture of gene therapy vectors,

many different purification steps have been reported.
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These include ion-exchange and sulfonated-cellulose

chromatography, zinc ion affinity chromatography, and

size-exclusion chromatography. Typically, DNase or oth-

er nuclease treatments are used in the process in order to

reduce host-cell or plasmid DNA. AAV production and

lentiviral production are complicated by a need for tran-

sient transfection or co-transfection of plasmid or helper

virus. These processes have general ly required

anchorage-dependent cell lines that are difficult to scale

up. The development of stably transfected cell lines

would allow large-scale production.

PURIFICATION METHODS: VIRAL VECTORS

Retroviruses—To date, purification of retrovirus pre-

parations for phase I clinical trials has often been minimal

at best, i.e., the simple concentration of culture superna-

tants is insufficient to meet the stringent quality stan-

dards required for in vivo therapy. Centrifugation and

microfiltration techniques are very useful for clarification

of culture supernatants and removal of cellular debris.

Ion-exchange, size-exclusion, and affinity chromatogra-

phy techniques have also been employed to remove ex-

cess salt, serum, and low molecular weight contaminants

also concentrated with the virus.

Adenoviruses—Recombinant adenoviral vectors

were often purified by cesium chloride density gradient

ultracentrifugation. This is still used for research-scale

preparations, but the procedure is neither scalable nor ef-

ficient for large quantities of clinical-grade virus. The

most recent scalable purification methods use anion-

exchange chromatography because of the strong affinity

of intact virus particles for the resin with respect to that of

cellular and individual capsid proteins. Published loading

estimates for anion-exchange resins range from

0.5 6 1012 to 5 6 1012 virus particles/mL of resin or

0.14 mg of virus to 1.4 mg of virus/mL resin. Gel filtration

and immobilized metal affinity chromatography are of-

ten used in polishing steps following anion-exchange pu-

rification of recombinant adenovirus-based products.

Adeno-Associated Viruses—The toxicity of cesium

chloride, the aggregation of AAV particles, and the fact

that adenovirus is not completely removed after exten-

sive centrifugation complicate AAV purification by cesi-

um chloride density gradient ultracentrifugation.

Another density separation medium, iodixanol, which is

less toxic than cesium chloride and prevents AAV aggre-

gation, has been employed in a single centrifugation

step. Passage of the AAV fraction over an affinity column

consisting of either a heparinized support matrix or

monoclonal antibodies produced against AAV2 strongly

increased purity and infectivity of final preparations.

These methods are appropriate only for specific AAV se-

rotypes. Ion-exchange chromatography is the most

powerful and versatile method for AAV purification, al-

though buffer pH, detergent concentration, and column

medium must be tailored for each AAV serotype. Infectiv-

ity and purity of preparations obtained from these puri-

fication strategies are comparable to those obtained

from affinity chromatographic methods and are com-

plete within three hours.

PLASMID OR NONVIRAL VECTORS

Plasmids are double-stranded, circular DNA molecules

that exist in bacteria as extrachromosomal, self-replicat-

ing molecules. They have been modified to serve as clon-

ing systems, to contain multiple restriction endonuclease

recognition sites for insertion of the cloned transgene,

and to contain selectable genetic markers for identifica-

tion of cells that carry the recombinant vector. Plasmid-

based, nonviral vectors are frequently used as gene deliv-

ery systems for both in vivo and ex vivo gene therapies.

These vectors are in the form of naked DNA or are com-

plexed with lipids or other agents that facilitate transfer
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across the cell membrane and delivery to the cell nucleus

without degradation. An advantage of a plasmid-vector

system is the efficient production of large quantities of

the vector that is easily characterized and avoids the risk

of RCV associated with many viral systems.

Nonviral vectors are typically produced by using an

Escherichia coli bacterial system. Plasmids are transfected

into E. coli, and an appropriate single bacterial colony is

selected and expanded to create an MCB. After reselec-

tion of a colony from a bacterial plate inoculated from

the MCB, plasmid DNA is isolated from cultures that

can range in size from 1 L on a laboratory scale to hun-

dreds of L in bacterial fermenters. Plasmid DNA can be

purified by several methods including affinity or ion-

exchange chromatography and cesium chloride–ethid-

ium bromide density gradients. Cesium chloride–ethid-

ium bromide density gradients are not recommended

for production of clinical-grade material.

PRODUCTION AND PROCESSING OF NONVIRAL

VECTORS

One benefit of nonviral vectors for gene transfer is that

the production process is rather generic and can be ap-

plied to any plasmid preparation regardless of composi-

tion or application. Because the current average human

dose of plasmid DNA for gene transfer and vaccination is

approximately 1 mg, the primary challenge associated

with large-scale production of plasmids is to develop a

process that is both scalable and economical. Thus, pro-

cess development for plasmid-based vectors remains an

active area of research and development. A standard pro-

cess for large-scale production of recombinant DNA plas-

mids consists of the followinfg five unit operations.

Fermentation—Fermentation processes must sup-

port growth of transformed bacteria and maximize the

amount of plasmid produced by each cell. E. coli is the

most common strain used for plasmid production. Ami-

no acids, nucleosides, and the ratio of nitrogen to

carbon-containing compounds present in a rich media

formulation greatly improve plasmid yield.

Harvest—Bacterial cells are harvested either by cen-

trifugation or microfiltration. Centrifugation under

GMP conditions can be costly, which makes microfiltra-

tion the accepted method of cell harvest. This also allows

spent media, metabolic byproducts, extracellular debris,

and impurities to be washed away before purification.

Lysis—Bacterial cells must be lysed to release the re-

combinant plasmids. This is one of the most critical steps

in the production process because it can significantly af-

fect the amount of usable [covalently closed circular

(ccc)] and unusable [sheared, partially denatured, and o-

pen circular (oc)] forms of DNA in a preparation. The

most widely used method of lysis for clinical-scale manu-

facturing is treatment with alkaline detergent and preci-

pitation of cellular debris with acetate. This removes a

large fraction of cellular impurities from the lysate, but

it also increases the sensitivity of plasmids to mixing

and localized concentrations of detergent, which are

hard to manipulate on a large scale. Lysis of cells by heat

exposure addresses this issue and effectively denatures

cellular proteins and bacterial DNA.

Isolation/Purification—Some processes include ad-

ditional steps for removal of cellular debris and other

contaminants from crude bacterial lysates by precipita-

tion with detergents, polyethylene glycol, or salt. These

reagents affect plasmid stability and are removed by col-

umn chromatography. Size-exclusion chromatography

can effectively separate plasmid DNA from RNA, pro-

teins, and other small molecules present in the cleared

lysate. The degree of separation of plasmid DNA from

contaminants is highly dependent on the type and con-

centration of salt in the running buffer. Resins used in

anion-exchange chromatography have a high affinity

for plasmid DNA and provide maximal sample concen-

tration. Hydrophobic interaction and thiophilic aromatic
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chromatography are the methods of choice for selective

separation of the different plasmid DNA isoforms and

endotoxin reduction.

Bulk Preparation—After purification, the bulk plas-

mid is placed in a suitable buffer and formulation by ul-

trafiltration using a membrane with a pore size of 50–

100 kDa.

Plasmids for clinical use must be highly characterized.

Impurities from production and processing steps are well

known. Tests necessary to confirm the identity, purity,

and potency of a plasmid-based product are well estab-

lished and routine. These tests and the current specifica-

tions set by FDA and the World Health Organization are

summarized in Table 4.

Table 4

Assay Type Issue Determined By

Acceptable

Level in

Final Product

Identity Cross-contamination with

other products

Restriction digest/gel elec-

trophoresis

N/A

Purity Residual bacterial chromo-

somal DNA

Real-time PCR 52 mg/mg DNA

Residual RNA Analytical HPLC 50.2 mg/mg DNA

Residual bacterial protein BCA protein assay 53 mg/mg DNA

Endotoxin LAL assay 510 EU/mg DNA

Sterility

(bacterial and fungal)

Method outlined in 21

CFR 610.12

No growth

Appearance Visual inspection Clear solution free of

particulates

pH pH meter Physiologic (7.0–7.4) but

may be product specific

Plasmid confirmation (ccc

vs oc)

HPLC or CGE 497% ccc

Potency Labeled dose In vitro

ELISA

FACS

RT-PCR

Light absorbance (A260)

Transgene/plasmid

specific
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Introduction of Genetic Material into Cells—

Gene-Modified Cells

A common extension of cell therapy involves the intro-

duction of genetic material, usually DNA, into cells to al-

ter their pattern of gene expression. While discussion

focuses on DNA, similar scenarios can be applied to

RNA or a derivative of DNA, except that the stability

and solubility of the particular nucleic acid may dictate

modifications of certain steps. The general process is of-

ten referred to as ex vivo gene therapy because the cells

are removed from the patient or donor and the genetic

material is introduced while the cells are outside of the

body. The genetically modified cells are then adminis-

tered to the patient. The genetic material introduced

can either cause expression of new genes and products

or inhibit the expression of already expressed genes

and products. The latter represents a type of antisense

therapy. The genetic material can be introduced by the

same range of reagents that are involved with gene ther-

apy: viral vectors, nucleic acids in a simple formulation

(naked DNA), or nucleic acids formulated with agents

such as liposomes that enhance their ability to penetrate

the cell. Most of the steps and considerations discussed

above also apply to the ex vivo introduction of genetic

material into cells. The main goal of ex vivo therapy is

to develop robust processes that will work with the ma-

jority of the patient’s or donor’s cells. This takes consider-

ably more effort than processes for cell lines.

The method for introducing new genetic material into

cells depends on the biology of the system and the de-

sired stability of gene expression. If a simple retroviral

vector such as Molony murine leukemia virus is used for

transduction, the cells must be actively dividing because

vector DNA is integrated into the cellular DNA only dur-

ing replication. This usually leads to long-lasting expres-

sion of the desired gene product. Adenoviral vectors,

naked DNA, or formulated DNA can be introduced into

nondividing cells. However, gene expression will be tran-

sient because the introduced DNA will usually be extra-

chromosomal.

The main challenge in ex vivo gene therapy is to

achieve efficient transduction or transfection, introduc-

ing sufficient DNA into the cell before the DNA degrades.

In the case of transduction by simple retroviral vectors,

cells are stimulated with reagents that cycle them into

the S phase (replication) at the time that the vector is ap-

plied. Most retroviral vectors are stable in cell culture for a

period up to a few hours. Because diffusion is minimal,

only a small fraction of viral particles will come into con-

tact with cells during this period. The following tech-

niques can be used to increase the number of viral

particles that contact the cell in a given time period:

1. Maximization of viral particle concentration and

minimization of the media volume during the trans-

duction step

2. Multiple applications of the virus

3. Centrifugation of virus particles onto the cells

4. Placing cells on a filter and slow pulling viral media

through the filter

5. Addition of binding-enhancing polymers to the me-

dia. [NOTE—Co-culturing the target cells with the vi-

ral producer cells is not recommended. This

technique increases the chance of a recombinant

event and production of RCV. Furthermore, any pro-

duct for which co-culturing is used to transduce the

human cells would be considered a xenotransplant if

the producer cells were not human. The second cell

type, whether human or not, may cause inflamma-

tion.]

Each of these techniques has its own set of issues that

must be addressed in order to develop a robust process.

In technique 1, reduction of the volume during transduc-

tion results in rapid exhaustion of the medium, so supple-

mental medium should be added within a few hours. In

technique 2, the cells may no longer be in the correct cell
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cycle phase during later applications, or cells may have

become refractory because of unproductive transforma-

tion during the previous application. Techniques 3 and 4

can work well on a very small scale, but the number of

cells that can be transduced may be insufficient to obtain

an efficacious dose. In technique 5, polymers may fail to

provide a benefit because virus binding may involve spe-

cific receptors for which surface density may prove to be

the limiting factor.

Similar issues and techniques can apply with other vi-

ruses or DNA preparations. The issue of slow diffusion is

even more marked for the use of DNA preparations. Fac-

tors such as the cell type in which the viral vector was

produced, the media used for vector production, and

the purity of the vector can have a pronounced effect

on the efficiency of transduction. Although certain meth-

ods may not require cells to be actively cycling, in prac-

tice, most processes require that cells be capable of

replication because of the following considerations:

1. Safety considerations may dictate that only cells that

express the new DNA are returned to the patient,

which requires that these cells be selected. As de-

scribed below, the most common selection method

uses an antibiotic-resistant gene that is co-

introduced with the new genetic material.

2. Further propagation may be required to achieve the

therapeutic dose of cells.

3. Economic, biological, or technical reasons may dic-

tate that the DNA introduction step be carried out

at a low cell number and that the desired cell popu-

lation then be expanded to the required dose.

Therefore, conditions that enable the cell or maintain

its ability to proliferate must be developed in almost all

cases. The biology of the cells, the available technology,

and process economics will determine whether cells are

propagated before, after, or during the introduction of

new genetic material. Most processes do in fact expand

the population after the introduction of the new gene.

Whether cells that do not productively express the

gene can be administered to patients depends on the bi-

ology of the application, the dose required versus the

handling capability of the manufacturing system, and,

most importantly, the toxicity of the nonproductive cell

population. Selection of the genetically modified cell

population is commonly carried out using an antibiotic-

resistance marker gene, such as neomycin, which is co-

introduced into the cell with the new genetic material.

For neomycin selection, cells in culture are treated with

the antibiotic G418 at a concentration and for a period

that has been shown to kill cells with nonproductive ex-

pression while allowing the productively expressing cells

to proliferate. In this manner cells that are resistant to the

antibiotic are presumed also to express the DNA of inter-

est. The expression should be tested as a lot-release re-

quirement or verified in a series of mock runs. Because

most antibiotics decrease cellular proliferation, optimiza-

tion of the culture media composition may be necessary

for efficient selection and propagation of the gene-

modified cells.

Following the antibiotic selection step, a second phase

of antibiotic-free cell propagation may be required in or-

der to achieve the desired dose and to rinse residual

G418 out of the system. The selected medium and the

total time that the cells are in culture can be critical to

maintaining the desired expression of the original differ-

entiated functions. An additional issue associated with

the use of selection markers is that they generally are

nonhuman genes. The expression of these genes usually

elicits an immune response. Process development is of-

ten carried out with cells from healthy donors. Consider-

ation should be given to the fact that for very sick

patients, healthy cells that can be stimulated to undergo

efficient, sustained replication are difficult to obtain.

Manufacturing, cell processing, and analytical testing

issues pertinent to cell-based products are addressed in

chapter h1046i.
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Formulation of Gene Therapy Products

Final formulations for gene therapy products are still in

early development, and currently most gene transfer vec-

tors are stored in solution at ultra-low temperatures. Suc-

cessful formulation of candidates for gene transfer relies

on a thorough understanding of the physicochemical

and biological characteristics unique to each vector sys-

tem. Factors like solution pH, ionic strength, and osmo-

larity influence the thermal stability of viral and nonviral

vectors. Organic carbohydrates such as mannitol, sorbi-

tol, sucrose, and trehalose have been incorporated into

preparations to prevent disruption of the native confor-

mation of the vector in solution, during the freeze-thaw

process, and during lyophilization. Amino acids such as

arginine and leucine have been incorporated into formu-

lations for their buffering effects and to prevent aggrega-

tion. Surfactants such as the Tweens, Spans, and

Pluronics have been effective at preventing aggregation,

but this effect is somewhat vector specific because some

vector products are easily disrupted by these reagents.

Lipids, polymer and extraneous proteins (human albu-

min and gelatin) have also been incorporated in many

vector preparations because of their ability to prevent

loss of vector from direct interaction with pharmaceutical

surfaces and during freeze-thaw cycles.

Before initiating a program for formal screening of for-

mulations for a vector, the following factors should be

considered. The required dose and/or storage concentra-

tion of the final product, as well as the specifics of the

container-closure and/or delivery system should be es-

tablished. Analytical methods to assess potency and

identify degradants should be in place. The expectations

of the formulation must also be defined. Some pragmatic

criteria for the design and selection of vaccine formula-

tions for use worldwide are: (a) the final product should

be in a formulation that affords an 18- to 36-month shelf

life when stored at 28–88 or above, (b) the formulation

should have an acceptable stability profile at ambient

temperatures to cover short-term storage and transpor-

tation in the field, (c) it should adequately protect the

vector from damage during freeze-thaw cycling, and

(d) it should consist of reagents that are pharmaceutically

acceptable and within physiologically acceptable con-

centrations. Formulation changes during clinical devel-

opment must be supported with preclinical studies and

stability data. Sufficient time should be built into plans

to account for this.

To date, little work in the area of formulation develop-

ment of retroviral vectors with additives approved for hu-

man use has been described. The most significant effort

to develop stable formulations for gene transfer has been

with recombinant adenoviruses. Recently, identification

of the mechanisms by which recombinant adenoviruses

degrade in solution led to the development of several liq-

uid formulations that stabilize the virus for up to 18

months at 48. Adeno-associated viruses are regarded as

one of the most stable viral vectors. This virus has been

documented to be stable for approximately 4 months in

phosphate buffered saline at 48. Addition of cryoprotec-

tants and surfactants prevents aggregation of virus parti-

cles and extends the shelf life to one year. Lyophilized

formulations of both adenovirus and AAV with shelf lives

of several years at room temperature have also been de-

scribed. Although nonviral vectors have been found to

be generally robust in standard buffers at 48, their stabil-

ity may be extensively influenced by extraneous compo-

nents included to promote gene targeting. Consider the

nature of those components when developing stability

protocols and strategies (see below).

ON-SITE PREPARATION AND ADMINISTRATION

One or more product modifications or preparative

steps may be required before administration of the gene

therapy product to the patient. These modifications or

steps are frequently performed close to the time of ad-

ministration, and, therefore, they are performed under
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conditions not under control of the original manufactur-

ing facility. The nature of these modifications is dictated

largely by characteristics of the product in relationship to

the particular application. These include thawing, wash-

ing, or filtration to remove unwanted product manufac-

ture-related materials and also include defined physical

space with appropriate environmental controls, trained

personnel, detailed standard operating procedures, and

a comprehensive quality program.

The unique and irreplaceable nature of many gene

therapy products, e.g., gene-modified cells, many of

which have originated from an autologous or a selected

allogeneic tissue source, creates special considerations

for product manufacture, release, and administration. Is-

sues pertinent to the administration of cell-based prod-

ucts are addressed in detail in chapter h1046i.

On-Site Preparation

Product Manipulations

Before administration, on-site preparation of the gene

therapy product may involve one or more manipula-

tions, including the following:

Change in final container—The manufactured

product may have been stored or transported in

one container but may require transfer to a different

container for administration.

Change in physical state or temperature—A

product may require thawing from the frozen state

or warming from the refrigerated state.

Change in solution or suspension—A product

may have to be dissolved, diluted, or suspended in

a liquid.

Addition to biocompatible structural materi-

al—A gene therapy product may need to be com-

bined with living, natural, or synthetic structural

tissue or matrix. Examples of matrix material include

hollow fibers, fibrous sheets, gels, plugs, capsules,

sponges, or granules.

Admixture or compounding with other non-

structural materials—A product may require mix-

ing or compounding with drugs, cytokines,

biologics, or other nonstructural materials.

Filtration or washing—Unwanted materials in the

manufactured product, such as particulates, cellular

debris, metabolites, or compounds remaining from

previous manipulations may require washing or fil-

tration steps.

Sampling—Sampling of the final product immedi-

ately before administration may be required for cer-

tain clinical protocols.

Facility Requirements

Facility requirements for performing on-site prepara-

tive steps or administration of gene therapy products de-

pend on the nature of the products, their applications,

and the manipulations required. The most important de-

terminant of facility features is the level of risk for micro-

bial contamination associated with each step. Definition

of low-risk and high-risk conditions can be made accord-

ing to a framework similar to that defined for Low-Risk-

Level Compounded Sterile Preparations (CSPs) and High-

Risk-Level CSPs in Pharmaceutical Compounding—Sterile

Preparations h797i, CSP Microbial Contamination Risk Lev-

els.

Release of Final Product

Gene therapy products that undergo on-site prepara-

tive steps or manipulations must be subjected to appro-

priate checks or tests to ensure that al l quality

specifications are met before release for patient adminis-

tration. The nature and extent of manipulations will de-

termine whether release requirements or critical
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specifications must be added to those required immedi-

ately after initial manufacture. Pre-release requirements

usually include the following:

1. Physical inspection of the product, which typically in-

cludes measures to ensure appropriate product ap-

pearance wi th regard to co lo r, tu rb id i t y,

particulates or foreign matter, container integrity;

product temperature; and accuracy and conve-

nience of labeling

2. Review of process records

3. For patient-specific products, clerical checking of

product labeling or records related to the identity

of the intended recipient.

In addition, products considered to be high-risk prod-

ucts according to the description in chapter h797i should

undergo additional product testing. For all high-risk

products, quality assays for the identity, potency, and pu-

rity of the active ingredients should be defined and per-

formed. For high-risk products in Category II, sterility and

endotoxin testing should be performed.

Administration to Patients

Pre-Administration Requirements

Depending on the specific gene therapy application,

trained patient-care staff must take steps to prepare the

patient for product administration. These steps are

aimed at ensuring that the product will provide the in-

tended therapeutic outcome and at minimizing the risk

of adverse effects. Issues pertinent to administration of

cell-based products are addressed in chapter h1046i.

Generally, a thorough re-evaluation of the patient’s gen-

eral condition and suitability for therapy must be per-

formed close to the time of product administration.

This evaluation usually includes a patient history, physical

examination, and laboratory studies such as blood

counts and chemistries. In addition, staff may obtain

baseline physical or functional measurements, laboratory

tests, or imaging studies relevant to the specific applica-

tion. Examples include pulmonary function tests for a

therapy aimed at improving lung function, measurement

of blood levels of an enzyme that is the gene product in a

gene therapy application, and nuclear imaging of organs

before anticancer therapies.

A variety of patient interventions related to route of ad-

ministration may be required before product administra-

t ion . Fo r the rap ie s tha t requ i r e in t ravenous

administration, patients with poor peripheral venous ac-

cess may require placement of a central venous catheter.

In applications where gene-modified cells or matrices

combined with cells are implanted into the patient, the

site of implantation may require preparation in the oper-

ating room. This may involve surgically opening the site,

removing the degenerated or damaged tissue, trimming

of the adjacent tissue to accommodate the implant, and

excising the tissue from a second site to be used as an

anchor or support for the implant. For instance, in the

case of products for wound healing, it is critical that

the site for grafting be free from infection and that it

demonstrates a well-prepared wound bed. Where

gene-modified cells are intended to repair cartilage de-

fects, the site of damage needs to be prepared so that

the cells can be applied to a water-tight compartment.

For applications involving direct administration of the

product into an organ system (for example, bronchioal-

veolar system) or vascular network (for example, coro-

nary arteries), the patient may require endoscopic or

surgical access to these sites.

In all cases, the need for adequate anesthesia and pre-

medication must be carefully evaluated in conjunction

with these steps before product administration. Pre-

administration patient evaluation must also include as-

sessment of concurrent therapies that may interact with

the gene therapy product to modify its effects. Some

therapies may be considered adjunctive to the gene ther-

apy, such as cytokines that promote proliferation or dif-
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ferentiation of the infused or implanted tissue. Other

commonly used drugs such as antibiotics, antineoplas-

tics, anticoagulants, and anti-inflammatory agents must

be evaluated for possible effects on the efficacy of the

gene therapy product.

Patient Treatment

Some gene therapy products are patient-specific be-

cause they are manufactured from a selected tissue

source, such as autologous, selected allogeneic, or xeno-

geneic tissue. Certain patient-specific products have a

defined potential for benefit or adverse immunoreactiv-

ity. Systems must be in place to prevent administration of

such a product to the wrong patient. Recommended sys-

tems include procedures similar to those used for admin-

istration of human blood products, including special

attention to the correct identification of the patient

and patient-specific product by at least two people im-

mediately before administration. These issues are ad-

dressed in greater detail in h1046i. Gene therapy

products can be administered by a variety of routes.

These include parenteral injection, inhalation, and gas-

trointestinal routes. Other possibilities include direct ap-

plication of gene therapy products into regional

vasculature, organs, tissues, or body cavities by means

of needles or catheters or following surgical exposure

of the tissue. Although parenteral administration can

be accomplished in routine outpatient or inpatient facil-

ities, the other means of administration may require spe-

cialized facilities such as an aseptic operating theater or

endoscopic suite. In all cases, standard operating proce-

dures and a quality program must be in place to ensure

that the product is administered in the intended manner.

Post-Administration Monitoring Of Patient

There should be written policies and procedures for

monitoring patient outcomes and managing reports of

adverse events. Patient outcome assessment should in-

clude indicators that are likely to detect errors or pro-

blems related to the entire manufacturing process, with

special attention to manipulations, storage, or transpor-

tation after the initial manufacture of the product. Man-

agement of adverse reactions should include procedures

for ensuring prompt medical evaluation and treatment of

patients with suspected adverse effects and a system for

reporting and evaluating adverse effects that may point

to a potential defect in the administered product. Report-

ing procedures include providing details required for fed-

eral, state, or USP adverse-event reporting programs.

Follow-up and monitoring procedures should be im-

plemented for patients who have received gene therapy

vectors or ex vivo gene therapies. To the extent that it is

relevant and that it can be assessed, vector or gene-

modified cell biodistribution and persistence in vivo

should be monitored. With direct administration of vec-

tors, localization to the germ line may be an issue. Al-

though preclinical studies can address this issue, useful

information may be gained by patient monitoring. When

a retroviral vector has been administered, patients should

be monitored for replication-competent retrovirus (RCR)

according to FDA’s Guidance on Testing for Replication

Competent Retrovirus in Retroviral Vector-Based Gene Ther-

apy Products (October 2000). This involves active moni-

toring during the first year and archiving of patient

samples thereafter if RCR is not detected initially.

Database systems to collate and track patient-

monitoring results are essential to management of this

information. National registries or publication of data

should be considered for establishing the collective safe-

ty of gene therapy.

ANALYTICAL METHODS

The complexity and scope of gene therapy products

are reflected in the wide range of analytical procedures

and their methods that are used to assess product qual-

ity. Approved gene therapy products must comply with

applicable sections of 21 CFR 211 and 610 to ensure their
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identity, dose, potency, purity, and safety. Specific guid-

ance for the identification, development, and validation

of analytical methodologies to support cell and virus

bank characterization, final-product release, and stability

studies is currently provided in FDA guidelines for gene

therapy manufacturing and testing (see Appendix); in Va-

lidation of Compendial Procedures h1225i; and in the ICH

guidelines Q2(R1) and Q6B. Most product-specific ana-

lytical methods for gene therapy products have not been

standardized. Even well-defined tests such as those de-

scribed under Sterility Tests h71i may not be directly ap-

plicable to certain gene therapy products. For some gene

therapy products, large quantities of clinical material

may not be available during early clinical development.

Some required tests (e.g., sterility) may require modifica-

tion. Consultation with regulatory authorities is advised.

Table 5 provides an overview of product-specific test-

ing parameters for the biological component and gener-

al methods or approaches used to satisfy the testing

requirements for nonviral, viral, and gene-modified cellu-

lar gene therapy products. The analysis of gene therapy

products relies heavily on biological assays, but it also

uses methodologies developed for biotechnology-de-

rived products (see chapter h1045i). The intent of this

section is to outline the types of methods and their spe-

cific applications with regard to product characteriza-

tion, stability, and release testing. Process validation

may alleviate the need for certain specific lot-release

tests. Development of appropriate reference materials

and standards for viral, nonviral, and gene-modified cel-

lular gene therapy products should be a part of product

development. Reference materials should be fully charac-

terized in order to provide continuity between standards

over time. In the case of gene-modified cellular gene

therapy products, the reference material may be a surro-

gate tissue or simulated product. Reference materials are

briefly addressed in the FDA Guidance on Potency Tests for

Cellular and Gene Therapy Products.

Gene-modified cellular gene therapy products may re-

quire a rapid-release approach if they have a limited shelf

life (see Cellular and Tissue-Based Products h1046i). The

rapid-release approach is not usually applied to viral

and nonviral gene therapy products because these prod-

ucts are sufficiently stable for completion of testing be-

fore release. Some formulated nonviral gene therapy

products also have limited shelf lives. In such cases, the

individual components are tested before release and

the formulated complex is not tested. The formation

and stability of the formulated nonviral gene therapy

complex is established via validation studies during pro-

duct development.

As specified in CFR, product samples must be retained

after product-release testing is completed. Retain addi-

tional samples if rapid-release strategies are employed

so that product quality can be reassessed by alternative

or traditional test methodologies if necessary.
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Table 5. Analytical Tests for Cell and Gene Therapy Biological Products

Test

Gene-Modified Cellular

Gene Therapy Product

Gene Therapy Products

Viral Nonviral

Identity of Biological

Substance

� Surface marker determi-

nation

� Species

�Morphology

�Bioassay

�Biochemical Marker

—Restriction enzyme map

—PCR

—Immunoassay for ex-

pressed gene

—Sequencing

—Restriction enzyme map

—PCR

—Immunoassay for ex-

pressed gene

—Sequencing

Dose �Viable cell number

� Enumeration of specific

cell population

� Total DNA

� Total protein

—Particle number

—Transducing units (DNA

hybridization assay)

—Total protein

—HPLC assay using au-

thenticated reference stan-

dard

—Plasmid–DNA weight

—Formulated-complex

weight HPLC or capillary

electrophoresis assay us-

ing authenticated refer-

ence standard

Potency �Viable cell number (cells

intended for structural re-

pair)

�Bioassays

— Colony-formation assay

— Function of expressed

gene

— Induction of secondary

effect (e.g., human leuko-

cyte antigen (HLA) induc-

t i o n , s e c r e t i o n o f

cytokines, and up-regula-

tion of surface marker)

—Function of expressed

gene (induction of secon-

dary effect and other bio-

assays)

—Function of expressed

gene (induction of secon-

dary effect and other bio-

assays) other bioassays)
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Table 5. Analytical Tests for Cell and Gene Therapy Biological Products (Continued)

Test

Gene-Modified Cellular

Gene Therapy Product

Gene Therapy Products

Viral Nonviral

Purity � Percentage of viable cells

� Percentage of t rans-

duced cells

� Percentage of cells with

specific surface marker

� Process contaminants

(e.g., serum)

—Residual host-cell DNA

—Process contaminants

(e.g., serum and cesium

chloride)

—Residual helper virus

—Optical density ratio

—Residual host-cell pro-

teins

—Vira l prote in profile

(HPLC assay for defective

or immature particles)

—Residual RNA

—Percentage of specific

physical form (e.g., per-

centage supercoiled)

—Residual host-cell DNA

—Residual RNA

—Residual host-cell pro-

teins

—Residual solvents

—Optical density ratio

—Process contaminants

(e.g., cesium chloride)

Safety �Mycoplasma

� Sterility

� Pyrogen and endotoxins

�Adventitious viruses

� Residual virus

� Replication-competent

vector

—General safety

—Sterility

—Pyrogen and endotoxins

—Adventitious viruses

—RCV

—Mycoplasma

—Sterility

—Pyrogen and endotox-

ins

Sampling Issues

Sampling for lot-release testing should be based on the

potential distribution for the parameter tested. See Sta-

bility Protocol Development under Stability (below) for ad-

ditional considerations. Samples from each lot should be

retained in case of a safety or quality issue with the lot.

Even if the product has a very short shelf life, these re-

tained samples can be used to detect impurities and oth-

er substances. The need for proper design of the

sampling scheme is highlighted in safety testing for ad-

ventitious agents or in assessment of RCV for gene-

modified cell or viral gene therapy products. In such cas-

es, process validation assists in determining the appropri-

ate statistically based sampling design.

Safety

Safety testing for gene therapy products focuses on

three issues: (1) detecting contamination from adventi-

tious sources during product processing, (2) preventing

the use of packaging cell lines and plasmids that poten-

tially permit genetic recombination between vectors and

the packaging cell lines or plasmids—or among the vec-
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tors themselves, and (3) testing the final product to en-

sure a safe level of undesired genetic and/or structural

variants or other viruses used in processing.

The primary means of assessing safety are the perfor-

mance of biological assays to measure adventitious

agents directly. Molecular biology-based assays that

measure adventitious agent DNA or RNA or detect unde-

sired genetic variants are also used. Although live genet-

ically engineered vectors officially fall outside its scope,

the detailed information available in the ICH Q5A guide-

line, presented in chapter h1050i, should be consulted

because the principles apply.

Viral Gene Therapy Products

One of the primary safety concerns associated with vi-

ral vectors used for gene therapy is the occurrence of un-

desired genetic variants. Among them the most critical

type, and probably the best studied, is RCV. RCV is more

clearly defined for replication-incompetent viral vectors,

but for conditionally replication-competent viruses it re-

fers to undesired genetic variants that have lost selectivity

toward the target cells and thus might raise safety con-

cerns. Regardless of the virus, these concerns are based

on the potential lack of predictability for the pathogenic-

ity of a contaminating virus for a specific route of admin-

istration, particularly if it is not the normal route of

infection or if humans are not a natural host for the virus.

The pathogenesis of a wild-type adenovirus infection is

known but may not be predictive for the routes of ad-

ministration employed with recombinant adenoviral vec-

tors. For replication-incompetent adenoviral vectors, a

limit of one RCA per 36 1010 viral particles is currently

considered acceptable [see the FDA guidance on CMC In-

formation for Human Gene Therapy Investigational New

Drug Applications (INDs)].

Typically, RCA levels are determined by a cell-based as-

say that allows amplification of the RCA while preventing

replication of the product. The cell line most often used

for amplification and detection of RCA is the A549 cell

line. However, some recombinant adenoviral vectors ex-

press therapeutic genes that interfere with analysis on

A549 cells. In such cases, a bioassay-based two cell lines

is used. The first cell line is chosen on the basis of resis-

tance to the effects of expression of the transgene and

with subsequent passage of cell lysate or supernatant on-

to A549 cells for amplification and detection of the RCA.

RCA is most often detected by visual observation of the

cytopathic effect, but it can also be detected in the A549

cell culture by immuno- or PCR-based methods.

Quantitation of the RCA level is based on the quantity

of sample tested and the detection limit of the assay. Typ-

ically, RCA bioassays are validated as being able to detect

1 plaque-forming unit or infectious unit of RCA in the test

sample over a wide range of test-sample sizes. Test-

sample sizes can range, but they are typically based on

the FDA RCA acceptance limit. To verify detection limits,

include spike controls as part of the test, even with vali-

dated assays. For recombinant adenoviruses produced

using HEK293 cells, RCA detection by PCR on the final

products or the progeny virus amplified in HEK293 cells

can be confounded by detection of residual HEK293

host-cell DNA (detection of the E1 region). PCR assays,

however, can be designed to specifically quantitate host

cell DNA contamination and can be made specific to par-

ticular forms of slow-growing RCA. Quantitative PCR as-

says can be used in conjunction with a cell-based method

for precise quantitation of RCA levels. When a tested

sample is found to be positive, the identity of the RCA

is usually confirmed by conducting PCR analysis. This

rules out the possibility that contamination of the assay

by exogenous wild-type adenovirus or other adventitious

agents is responsible for the positive result.

For conditionally replication-competent adenoviruses

or other replication-competent viral vectors, testing for

RCV or undesired genetic variants is usually more compli-

cated and vector specific. Usually one or two nonpermis-

sive cell lines that are not target cells are infected with the
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replication-competent virus in attempts to produce

progeny virus. In order to generate a sufficient quantity

of progeny population for analysis, analysts subject the

infection to multiple passages and extended culture

time. Two normal fibroblast cell lines that are easy to cul-

ture, WI-38 and MRC-5, have been used as the model

nonpermissive cell lines for detecting RCA in replica-

tion-competent adenovirus products. Even after multiple

passages on the nonpermissive cell lines, it may be nec-

essary to amplify the progeny (which tend to appear only

in minute quantities) in permissive or packaging cell lines

to a sufficient quantity for subsequent testing. The result-

ing progeny should be tested for changes in biological

selectivity and genetic composition. Usually the genetic

characterization of the progeny population includes re-

striction enzyme mapping followed by Southern blot-

ting, PCR, or nucleotide sequencing. After the genetic

elements unique to RCV or undesired genetic variants

are identified, quantitative PCR assays can be designed

to monitor the level of RCV after amplification in nonper-

missive cell lines or sometimes, if the sensitivity is ade-

quate, directly in the final product without biological

amplification. Using a spike control in the biological as-

say for detecting RCV is encouraged but may not be ap-

plicable to all cases. Currently there is no specified

acceptable limit of RCA for conditionally replication-

competent adenovirus, although clinical safety has been

reported for an oncology application with several

thousands of RCA per dose.

For retroviral vectors, testing for RCR is required for cell

banks, viral vector production lots, and any resulting ex

vivo product lots (see FDA’s Guidance on Testing for Rep-

lication-Competent Retrovirus in Retroviral Vector-Based

Gene Therapy Products). Standard assays have been de-

signed to detect replication-competent MLV. The patho-

genesis and potential long-term toxicity of low-level

amphotropic MLV in human beings is not known. Meth-

ods commonly used to detect RCR include an amplifica-

tion of virus titer by application of product to a

replication-permissive cell line such as Mus dunni. Be-

cause infection is limited by the ability of a virus to reach

the cells by means of Brownian motion, procedures (e.g.,

centrifugation and filtration) that physically bring the vi-

rus into contact with the cells can be used to enhance

detection. However, high-titer recombinant vector can

interfere with the detection of low-level RCR, and this in-

terference may be enhanced by such methods. Infected

cells are passaged several times to allow viral replication.

Culture medium is harvested at the end of the culture pe-

riod, and RCR is detected by using an indicator cell line. If

the product is an amphotropic MLV, RCR can be detected

by using a feline cell-based PG4 S+L– assay, a mink cell-

based MiCl S+L– assay, or a marker rescue assay. In S+L–

assays, the RCR expresses proteins that lead to transfor-

mation and subsequent plaque formation on the mono-

layer. In a marker rescue assay, RCR infects a cell line that

expresses a retroviral vector encoding a marker gene

such as b-galactosidase, drug resistance, or a fluorescent

protein. The vector is packaged by the proteins supplied

to it in trans by the RCR. The potentially vector-laden su-

pernatant is transferred to naive target cells that are then

screened for expression of the marker vector.

Testing for RCR is performed by co-cultivation of the

cell line or amplification of vector supernatant with an

RCR replication-permissive cell line, typically M. dunni,

for several passages. Culture medium is harvested at

the end of this co-cultivation process and applied to an

appropriate indicator cell line as described above. Note

that artifacts may be generated during the co-cultivation

assay by expression of an endogenous virus in the per-

missive cell line or by fusion if the vector-producing cell

line is cultured directly with a marker rescue cell line. In

addition, co-cultivation may not be possible for ex vivo

cell products that have specific culture requirements or

limited culture life spans.
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Methodologies for testing the presence of RCR in

crude, purified bulk or final vector products are not spec-

ified. FDA has deposited a reference standard of an am-

photropic hybrid MLV with the American Type Culture

Collection (ATCC). This viral stock has been assigned a

label titer and should be used in assay validation. Method

validation should demonstrate the ability to reproducibly

detect a single RCR particle in individual product types

because the product and its related impurities can inter-

fere with the detection of RCR. Currently, there are no ac-

ceptable limits for RCR contamination in products. Any

product lot found to contain RCR cannot be used for hu-

man use. Reference standards for assessing RCV in other

viral vectors including ecotropic, xenotropic, or pseudo-

typed MLV, adenovirus, and lentivirus have not been de-

veloped. The adenovirus reference material, which

consists of wild type human adenovirus type 5, has been

used as a spike control and during validation of RCA as-

says, but this practice may not be applicable to all RCA

assays. Amplification and detection of replication-

competent HIV, especially its pseudotyped variants,

may warrant special containment and handling proce-

dures.

Additional safety testing usually focuses on methods

similar to those described in h1045i; Biological Reactivity

Tests, In Vivo h88i, Safety Tests—Biologicals; and chapter

h71i. For viral gene therapy vectors produced using a hu-

man cell line, performance of the in vitro adventitious

agent bioassays using three cell lines is recommended.

For adenoviral vectors, specific tests for adeno-associated

virus are also recommended. For adeno-associated virus,

specific tests for adenovirus and herpes virus are recom-

mended. Material for testing should be derived from the

stage of manufacture that provides the greatest chance

of detection, which could be pre-bulk (e.g., late-stage

fermentation), the bulk, or the final product.

Nonviral Gene Therapy Products

Safety testing usually focuses on methods similar to

those described in chapters h1045i, h88i, and h71i. Safe-

ty testing should be performed on nonviral formulated

material. If the shelf life of the formulated nonviral pro-

duct is very short, then the components should be tested

individually.

Safety testing for undesired genetic variants that might

emerge during the manufacturing process in nonviral

gene therapy products is similar to that for RCV testing

for viral vectors but with more vector-specific considera-

tions. Typically, molecular biology-based methods are

applied to the final product to test for variants. When ge-

netic stability is established by process validation, the as-

says for monitoring the levels of undesired genetic

variants may be limited to restriction enzyme mapping

followed by further confirmation of critical genetic ele-

ments (such as transgenes or regulatory elements) by

PCR or Southern blotting.

Dose-Defining Assays

An assay that precisely measures the amount of the

product is referred to as a dose-defining assay, and it is

selected on the basis of its accuracy and precision. An as-

say that measures therapeutic activity of the product is

referred to as a potency assay, and it is designed to mea-

sure product function. The design of the assay depends

on the type of product. In the case of chemical and pro-

tein drugs, the assays measuring the amount of active in-

gredient (dose) are referred to as strength assays.

Product dose can be defined as the concentration or

amount of the drug product administered to the patient,

and it is typically measured as product mass.

Particle concentration is a commonly used measure for

viral vector product dose. Particle concentration may be

measured by physical, biophysical, or in vitro cell-based

assays. For example, quantitation of purified adenoviral
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particles may be determined by using the optical density

of a solution of virus in 0.1% (w/v) sodium dodecyl sul-

fate (SDS) solution at 260 nm, because a relationship be-

tween absorption and particle concentration has been

published for adenovirus. The particle number concen-

tration is equivalent to the product of the absorbance

at 260 nm in a 1-cm cell, the dilution factor, and

1.16 1012 particles. A method that has become stan-

dard in determining particle concentration is integration

of viral peak area of 260 nm and/or 280 nm absorbance

against an authenticated reference standard in an anion-

exchange resin-based high-performance liquid chromat-

ographic (HPLC) assay. Compared to the optical density

method, the HPLC method has the advantage of elimi-

nating the interference of free DNA and/or capsid pro-

teins on quantitation of viral particles. An adenoviral

reference material (ARM) from ATCC has an HPLC-

determined particle concentration established from a

large-scale collaboration that involved many laborato-

ries. Whenever possible, the ARM should be used to cal-

ibrate the internal HPLC method and reference material.

Virus concentration can also be assessed by the mea-

surement of selected structural proteins with known mo-

lecular masses and known copy numbers within the

virion. For this method, the virus must be lysed, and

the structural proteins must be separated by using an ap-

propriate, high-recovery chromatographic procedure

(e.g., reversed-phase HPLC). The chromatographic sepa-

ration and the identity and the purity of the selected

structural protein must be verified during assay valida-

tion by methods such as SDS polyacrylamide gel electro-

phoresis (SDS-PAGE), peptide sequencing, and mass

spectroscopy. The selected structural proteins can be

quantified, for example, by integrating chromatographic

peaks at 214 nm and comparing the area to that of an

authenticated reference standard. The virus concentra-

tion can then be calculated based on the molecular mass,

the copy number, and the measured mass of the protein.

Very importantly, the virus concentration can be estimat-

ed simultaneously for multiple structural proteins, which

allows the use of this assay in relatively impure virus pre-

parations. This method has been applied to adenovirus

and should be applicable to other viral vector types.

Biophysical methods of determining particle number

include direct quantitation of vector nucleic acid by ra-

diolabeled-probe hybridization and indirect quantitation

by amplification of template nucleic acid (e.g., PCR and

RT-PCR) or by signal amplification (e.g., branched-chain

DNA using multiple-probe hybridization).

In cases where biophysical methods are not available,

bioassays that measure gene-vector titer have been used.

These involve infection, transfection, or transduction of a

susceptible cell line in vitro, followed by some measure of

the product uptake. Methods for quantitation or estima-

tion of the number of infection, transfection, or transduc-

tion events include plaque-forming unit assays, tissue

culture infectious dose assays based on cytopathic effect

of 50% (TCID50) or immunofluorescent detection of an

expressed vector protein, or a quantitative DNA-hybrid-

ization assay. Examples follow: For replication-competent

adenoviral gene therapy products, the ARM available

from ATCC has a defined range of TCID50 titer deter-

mined via a collaborative effort. Whenever applicable, it

should be used in validation of an internal reference stan-

dard or assay control of infectious titer assays. However,

because of the likelihood of genetic differences between

the ARM, which is wild-type human adenovirus type 5,

and the replication-competent adenoviral gene therapy

product, it may not be reasonable to normalize the titer

of the vector of interest to that of the ARM.

For retroviral or lentiviral gene therapy products or

AAVs that carry a selectable marker (e.g., that for neomy-

cin resistance) or a reporter gene (e.g., b-galactosidase)

in addition to the therapeutic gene, the infectious titer is

commonly determined by measuring the number of

transduced or infected cells expressing these nonthera-
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peutic proteins. Vector titer is typically reported as the

number of colony-forming units (cfu) per mL for cells

transduced with viral vectors that contain drug-resis-

tance markers and are selected for growth in drug-con-

taining medium. Titer based on b-galactosidase can be

expressed in terms of blue cfu per mL after staining

and counting the cells that convert the b-galactosidase

substrate X-Gal into a blue chromophore. For vectors

without a marker gene, quantitation of transduction

has been measured precisely by using quantitative PCR

or has been estimated by hybridization methods.

Most nonviral gene therapy products contain plasmid

DNA, and their usual measure of dose is the DNA mass.

The DNA mass may be determined in the formulated

state, and, if recombinant protein is included in the for-

mulation, the total combined mass of all formulation

components based on a specific ratio can be used.

DNA concentrations greater than 500 ng/mL are most

simply determined by using optical density measure-

ment at 260 nm. This method is not generally applicable

to lipid-formulated DNA. Because RNA and proteins also

have significant absorbance at 260 nm, other analyses

must be performed to demonstrate minimal contamina-

tion with RNA, protein, or residual host-cell chromo-

somal DNA. Dyes that specifically bind to double-

stranded DNA allow accurate measurement of DNA con-

centrations of less than 500 ng/mL when calculated

against an authenticated DNA standard curve. Pico-

Green is one such fluorescent dye, and it is minimally af-

fected by single-stranded DNA, RNA, proteins, salts, and

detergents. The fluorescent dye Hoechst 33258 also

binds to both double-stranded and single-stranded

DNA and it can be used to determine DNA concentra-

tions as low as 0.3 ng per mL. The Hoechst 33258 does

not bind to protein or RNA, and it can accurately deter-

mine the DNA concentrations in crude samples.

Methods such as capillary electrophoresis and HPLC

employing an authenticated reference material can also

be used to determine the strength of nonviral products.

Potency

Potency is defined as the therapeutic activity of the

drug product. Together with dose, potency defines the

biological activity of each lot (see Dose-Defining Assays).

Potency can be assessed by in vitro or in vivo bioassays. It

is not uncommon for these assays to have coefficients of

variation between 30% and 50%, although stringent as-

say design with good statistical consideration could help

reduce assay variation. These assays require a well-de-

fined, representative reference material that can be used

as a positive control for the assay and/or in calculation of

the relative potency of the test article. The general con-

sideration for bioassays in Design and Development of Bi-

ological Assays h1032i should be applied to the potency

assay design for gene therapy products. The positive

control qualifies the performance of an individual assay.

Potency assay development should focus on characteriz-

ing and controlling variability. High-precision assays are

more effective tools in monitoring product quality. Infor-

mation about potency assay variability should be incor-

porated into the stabil ity study design and the

proposed statistical approach to assignment of expira-

tion date (see Stability).

Bioassays employed to measure the potency of viral

and nonviral gene therapy products generally involve in-

fection, transfection, or transduction of a susceptible cell

line in vitro, followed by some functional measure of the

expressed gene of interest. Functional assays for the ther-

apeutic gene (e.g., those measuring enzyme activity and

cell growth stimulation or inhibition) should generally be

used instead of analytical methods such as enzyme-

linked immunosorbant assay (ELISA). When the biologi-

cal function of the expressed transgene exhibits a broad
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range of activities or only generates semiquantitative re-

sults, the ELISA or other immunological or biochemical

readouts can be used as a surrogate potency assay with

a tight specification range if extensive characterization

data is available to demonstrate that all expressed pro-

tein is biologically active. For example, in the case of a

gene therapy product expressing a cytokine, cytokine ex-

pression is usually quantified by ELISA first, and the result

is used to adjust the sample dilution for the functional as-

say. The potency of such vectors may be better con-

trolled by the ELISA quantitation results, but the

biological activity of expressed cytokine could be used

to verify that the measured mass is biologically active

without the requirement to meet a narrow specification

range for the biological activity itself.

HPLC or flow cytometry, which provide information

about the level of expression but only infer function, have

also been used in a context like that described for immu-

noassays. In addition, for viral vectors, infectious titer

measurements by themselves are generally not consid-

ered an adequate measure of product potency. For ex-

ample, the TCID50 titer or plaque-forming-unit assays

for adenoviral vectors on HEK293 cells can indicate that

the infectivity of adenovirus is preserved but do not con-

firm that the adenoviral product has maintained full bio-

logical function(s), especially transgene biological

activity. The design and ultimate suitability of an assay

system for determining product potency depends on

the relationship between the intended human target cell

in vivo and the following: (1) the transduction or trans-

fection efficiency of the cell line used in vitro; (2) the pro-

tein expression levels; and, (3) the duration of expression

required for the therapeutic effect.

In vivo tests can also be used to measure vector-pro-

duct potency. Readouts can be based on a response

per animal (e.g., blood levels of therapeutic protein 24

hours after treatment) or a group response rate (e.g.,

percentage of animals that elicited an immune response

or survived virus challenge). The availability of an appro-

priate in vivo test system depends on the vector-host

range (for viral vectors), the pharmacokinetics and bio-

distribution of the vector and the resulting gene product

relative to its human counterpart, and the time frame re-

quired to observe the therapeutic effect or surrogate. Is-

sues of cost, facilities, validation, and ethics determine

the practicality of an in vivo potency test.

Purity

Analytical methods that separate, isolate, and specifi-

cally quantify the intended active product components

determine product purity. Impurities are either product-

or process-related components that can be carried

through to the final product. The manufacturing and pu-

rification process should be optimized to consistently re-

move impurities while retaining product activity. The

requirement to test for a particular impurity for product

lot release depends on the following: (1) the demonstra-

ted capability of the manufacture and purification pro-

cess to remove or inactivate the impurity through

process validation, and (2) the potential toxicity associat-

ed with the impurity.

Examples of process-related impurities associated with

gene therapy products include residual production-me-

dium components (e.g., FBS, antibiotics, cytokines, and

E. coli chromosomal DNA in a plasmid product), ancillary

products used in downstream processing (e.g., nucleases

such as DNase I), and residual moisture for lyophilized

vector products. Impurities may be bioactive (e.g., cyto-

kines and hormones) or immunogenic (e.g., product ag-

gregates, degradation products, plasmid-selection

markers, and nonhuman-derived proteins), or they may

have other deleterious effects (e.g., they may compete

with the product) if administered at a dose equal to that

of the product. Product-related impurities are specific to

each product type. Examples include nicked plasmid

forms in nonviral products and defective or immature vi-
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rus particles in retroviral or adenoviral vector products.

Analytical methodologies to assess purity require quanti-

tation or physical separation of intended product from its

impurities. Common sense should drive the need to

quantify specific impurities. Suitable validation of the

manufacturing process may limit the need for specific

lot-release testing for impurities. Manufacturers may

place an emphasis on demonstrating the consistency of

the product-impurity profile.

Testing for impurities is often extensive during product

characterization and process validation when the consis-

tency of the manufacturing and purification process is

being demonstrated. Testing for impurities as part of

lot-release testing should reflect the safety risks associat-

ed with the impurity and the ability of the process to con-

sistently remove that impurity.

Viral Gene Therapy Products

Product-related impurities for viral vectors include ag-

gregates and defective and immature particles that may

be produced during the manufacture or purification of

the recombinant vector. Aggregates of vector may form

if the product is highly concentrated, stored under cer-

tain conditions (e.g., under a certain pH or temperature),

or reconstituted after lyophilization. Assays to detect ag-

gregates include particle size analysis by laser light-scat-

tering and the use of nonreducing, nondenaturing PAGE,

followed by staining of the gel or transfer and detection

of viral proteins by Western blot analysis. Sedimentation

rate analysis also allows separation of aggregates from

monomers based on size. Optical density analyses of

light scattering are also used to assess vector aggrega-

tion.

Defective particles are viral particles that do not con-

tain the appropriate recombinant genome—that is, they

contain some other nucleic acid or contain no genome at

all, or the vector has some missing, defective, or other-

wise altered structural component that impairs its ability

to transduce a cell. For viral vector systems that have cap-

someric symmetry that requires the appropriate nucleic

acid incorporation for configuration, empty particles

may be readily distinguished from those carrying ge-

nomes. For enveloped viruses, empty particles may not

be as readily separated from those with encapsidated nu-

cleic acid.

For some viral vector products, active viral particles can

be separated from defective particles by using analytical

HPLC. Anion-exchange resins have been used to separate

active adenovirus from defective virus particles. However,

this method might not be useful for an adenoviral vector

purified by anion-exchange chromatography unless the

resin for the assay is different from that used during man-

ufacture. Depending on the nature of the viral vector and

its nonactive or defective forms, other methods of sepa-

ration, such as equilibrium centrifugation in a cesium

chloride density gradient, may need to precede the

quantitation of the active particle. Ideally, the method

of separation will allow quantitation.

Defective particles that carry a non-cell-derived onco-

gene or other undesirable genes may pose a special con-

cern. For example, in murine-based retroviral packaging

cell lines, small viral elements called VL30 sequences can

be packaged in about one-third of all particles. Assays

may be needed to quantify specific defective particles if

they are known to be present in quantities sufficient to

pose a safety concern.

Virus quality and the comparability of preparations can

also be assessed by measuring selected structural pro-

teins with known molecular masses and known copy

numbers within the virion. For this method, the virus is

lysed, and the structural proteins are separated by using

reverse-phase HPLC or some other high-recovery chro-

matographic procedure. The chromatographic separa-

tion should be validated, and the identity of the

selected structural proteins should be verified by meth-

ods such as SDS-PAGE, peptide sequencing, or mass

spectroscopy. Fingerprinting of the batch can be con-

Pharmacopeial Forum
1372 IN-PROCESS REVISION Vol. 36(5) [Sept.–Oct. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



ducted based on quantification of the selected structural

proteins and comparison to a reference standard. When

the method incorporates mass spectroscopy, impurities

such as structural variants can also be identified. For ade-

novirus preparations, some precursor and most mature

virion proteins can be detected and distinguished, thus

allowing monitoring of the product and of the immature

virion forms.

Host cell-derived proteins may be considered impuri-

ties for some viral vector products and may be separated

and quantified by PAGE or HPLC or detected by amino

acid analysis, Western blot, or immunoassay-based

methods. However, for enveloped viruses such as retro-

viruses, host cell-derived membrane proteins are an inte-

gral part of the product. In those vector systems, it may

be difficult to determine the presence of contaminating

exogenous host-derived proteins.

Presence of specific process-related impurities depends

on the manufacture and purification process of each vec-

tor or product type. However, most products need to be

tested for residual endotoxins (see Bacterial Endotoxins

Test h85i). Acceptable limits of endotoxins have been de-

termined and can be directly applied to viral vector prod-

ucts. Although genomic DNA derived from continuous

cell substrates used to manufacture biological product

historically has been considered potentially tumorigenic,

recent studies suggest that the risks are very low. How-

ever, every attempt should be made during process de-

velopment to reduce levels of contaminating DNA. The

need to test for residual DNA as part of product lot re-

lease should be evaluated on a case-by-case basis and

may depend on the size distribution of the DNA, its asso-

ciation with the product or its formulation components,

and the product’s route of administration. Quantitative

PCR assays can analyze the amount of residual host-cell

DNA by using primers designed to amplify evolutionarily

conserved and abundant target sequences such as 18S

for HEK293 cells.

Quantitation of residual serum components such as

bovine serum albumin (BSA) can be achieved by using

ELISA and a BSA reference standard. Researchers may

need to develop specific functional or immunological

methods for other ancillary products, including other

culture media or purification process components such

as cytokines or enzymes (e.g., deoxyribonuclease 1 or

benzon nuclease).

Nonviral Gene Therapy Products

A plasmid used as a drug substance is considered a

well-characterized biologic, and key impurities from the

manufacturing process are well known. Testing is usually

performed on each individual component: the plasmid

DNA, lipid or lipoplex reagents, and protein components

if any are present in the formulation. Plasmid DNA is

characterized for a variety of impurities, including resid-

ual host-cell DNA, residual RNA, and residual protein. Re-

sidual protein testing is frequently included in lot-release

testing. Optical density ratios (usually the measurement

at 260 nm to that at 280 nm) are frequently used in pu-

rity specifications for plasmid DNA.

In addition, the plasmid DNA should also be character-

ized with regard to its conformation in solution. Plasmid

DNA exists as monomeric supercoiled, relaxed mono-

mer, and linear forms. Because all forms can be generat-

ed during large-scale fermentation, and data about their

relative in vivo potency is scarce, the relative quantity of

each form is monitored to verify batch-to-batch consis-

tency in the relative amounts of each conformation.

Agarose gel electrophoresis can resolve each of these

forms but is not highly quantitative for each individual

species. Analytical anion-exchange HPLC serves as a

quantitative assay for monomeric supercoil and other

forms, including concatamers. Other analytical methods

that have been valuable for characterization of plasmid

constructs during process development and validation

such as capillary gel electrophoresis, linear-flow dichro-

ism, and atomic-force microscopy are also viable meth-
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ods to assess the purity of a given plasmid preparation.

The most appropriate method for lot release depends

on how each plasmid conformation affects product po-

tency. Specific details for each of these methods are out-

lined in Nucleic Acid-Based Techniques—General h1125i.

Tests should be conducted for process-related impuri-

ties such as residual organic solvents (phenol, alcohol),

salts, and certain antibiotics such as kanamycin used dur-

ing the fermentation process. Lipid and lipoplex formu-

lation components must also be tested for their chemical

purity. Testing for specific chemical impurities is com-

monly performed by using gas chromatography–mass

spectroscopy (GC–MS), HPLC, or thin-layer chromatog-

raphy (TLC) methods. If protein is part of the formulated

complex, then the protein must also be tested for purity.

HPLC is capable of detecting trace amounts of residual

antibiotics and can therefore be used during process va-

lidation or lot-release testing to confirm that they have

been effectively removed. The specifics of these methods

are outlined in Biotechnology-Derived Articles—Peptide

Mapping h1055i or in Biotechnology-Derived Articles—To-

tal Protein Assay h1057i.

Bacterial protein, DNA, RNA, and endotoxins are the

major types of host-derived process contaminants. Stan-

dard protein assays (e.g., Lowry, Bradford, or Coomas-

sie), PAGE followed by silver staining or Western blot

analysis, or ELISA can be used to detect residual host pro-

tein in the nanogram range. Host chromosomal DNA can

be detected by slot blot hybridization (detection in pico-

gram range) or by real-time PCR (detection sensitivi-

ty 5 1pg) using highly conserved target sequences

(e.g., 18S for E. coli). PCR assays for this purpose must

use recombinant polymerases that are highly purified

to minimize residual bacterial DNA for which the pres-

ence can create background signals. PAGE or agarose

gel electrophoresis followed by fluorescent dye staining

can be used to detect residual RNA. Quantitation may

not be required because of the labile nature of RNA

and the low-level toxicity associated with it. The Limulus

amoebocyte lysate (LAL) test is the most sensitive and

widely used method for endotoxins determination. Col-

orimetric assays offer sensitivities of 0.005 EU/mL. Details

of the methods described here are outlined in h1057i, Bi-

otechnology-Derived Articles—Polyacrylamide Gel Electro-

phoresis h1056i, Nucleic Acid-Based Techniques—

Approaches for Detecting Trace Nucleic Acids h1130i,

h1125i, and h85i.

Lyophilized Viral and Nonviral Vector Products

Residual moisture can affect the stability of a lyophi-

lized vector product. FDA’s Guideline for the Determina-

tion of Residual Moisture in Dry Biological Products

recommends a 1% residual moisture level, although data

indicating no adverse effects on product stability at high-

er levels is considered acceptable. Residual moisture lev-

els can be determined by using a standard method (see

Water Determination h921i) that is compatible with the

formulated product.

Identity

Lot-release testing for gene therapy products must in-

clude an identity test. This test clearly identifies the pro-

duct and confirms that inadvertent substitution with

another product has not occurred. The complexity of

the identity test depends on the nature of the specific

product and the array of products being manufactured.

For example, more extensive and rigorous testing may

be performed for an autologous gene-modified cell ther-

apy product at a facility where multiple patient products

are manufactured than for a viral vector product pro-

duced at a site that manufactures a single vector pro-

duct.
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Viral Gene Therapy Products

For characterization purposes, restriction enzyme map-

ping and sequencing of the transcription unit DNA are

the most commonly used approaches. PCR-based meth-

ods, restriction enzyme mapping, and transgene-expres-

sion-based immunoassays are commonly used to

confirm the identity during lot-release testing.

Nonviral Gene Therapy Products

Restriction enzyme mapping is the most common

identity method for plasmid-based products. The num-

ber of enzymes used to create the vector fingerprint will

vary according to the complexity of the DNA and the de-

gree of similarity between multiple products. If lipids, li-

poplex agents, or proteins are used to formulate the

DNA, then their identity must also be tested and con-

firmed. Lipids and lipoplex components may be identi-

fied by procedures used for traditional pharmaceuticals,

such as GC–MS and TLC. Protein components of the for-

mulation may be identified by peptide mapping or other

means outlined under h1057i.

STABILITY

The shelf lives of gene therapy products vary widely de-

pending on the nature of the product, its intended clini-

cal use, its specific attributes, and the recommended

storage, packaging, and shipping conditions. Therefore,

it is difficult to draft uniform guidelines regarding stabil-

ity-study duration and testing frequency for all products.

In all cases, the study should be designed on the basis of

scientifically sound principles and approaches and a

comprehensive understanding of the final therapeutic

product and its intended use. The product’s stability dur-

ing in-process hold steps, cell and virus banks, critical raw

materials, and reference standards also must be assessed.

A well-designed and executed stability program will pro-

vide a high degree of assurance that the product is stable

within the specified shelf life.

For viral and nonviral vector gene therapy products

and gene-modified cellular gene therapy products that

are not patient specific, the selection of batches to sup-

port license application and final-product labeling should

be carried out in accordance with the principles of stabil-

ity testing, such as those described in ICH guideline Q5C

and chapter h1049i. Stability data should also be collect-

ed for bulk material and at other in-process points if ma-

terial is stored before final processing and filling. Issues

related to the stability of cell-based products are ad-

dressed in chapter h1046i.

Nonviral DNA plasmid vectors are often formulated

with specific mixtures of lipids, proteins, or lipoconju-

gates to form liposomes or encapsulated complexes. De-

pending on the formulation, a shelf life of hours to years

can be attained. Where a product has a short shelf life,

the final formulation may require preparation at the clinic

just before administration. Instability is frequently ob-

served as aggregation and precipitation. Formation and

stability of the formulated complex should be character-

ized and established by validation studies during product

development. Stability data should also be collected for

major components of the formulated complex, such as

the lipids, the liposomes, and the DNA itself.

Stability-Protocol Development

Stability studies verify that the storage conditions

maintain the purity and potency of the product for a de-

fined period so that product administered to the patient

is still capable of meeting the stability specifications.

These specifications may differ from the manufacturing

release specifications, but they must be verified with cli-

nical data. Formal stability studies to support licensure as

well as plans for gathering early-phase product stability

information should be detailed in a written plan that de-

scribes how data will be collected and analyzed to sup-

port the product’s expiration period. Protocols should

Pharmacopeial Forum
Vol. 36(5) [Sept.–Oct. 2010] IN-PROCESS REVISION 1375

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



follow the format recommended in existing guidelines

and should include the scope, storage conditions, num-

ber of lots that will be tested, test schedule, assays that

will be used, data analysis, and product specifications.

Any assay used in a formal stability study for licensure

must be validated before the study begins. The specific

study design should take into account the problems

the product may encounter during manufacturing, ship-

ping, and processing at the clinical site (see Accelerated

and Most Appropriate Challenge Conditions, below). The

study design should also incorporate the latest knowl-

edge in the biological sciences and should address exist-

ing regulatory requirements. For instance, if the

product’s final formulation is performed at the clinical

site, stability studies on this final formulation should be

performed to establish the time and conditions under

which the product can be held.

Stability assessment should include an evaluation of

product functionality (potency). The potency assay often

has a high degree of inherent variability. Measuring and

calculating the decay of product activity by employing

the standard statistical methodologies may require mul-

tiple, frequent sampling intervals over an extended peri-

od of time and may require analysis of more than three

production lots to compensate for assay variability. Initial

studies to establish a provisional expiration date must be

conducted before administration to the first patient. Ini-

tial studies are also useful for determining which assays

are stability indicating, that is, the best indicators of pro-

duct degradation. Because existing compendial methods

do not address the unique characteristics of gene therapy

products, the development of assays that would address

these unique characteristics is encouraged.

Accelerated and Most Appropriate Challenge

Conditions

The stability-indicating profile of a gene therapy pro-

duct varies over time under the influence of a wide vari-

ety of environmental conditions, including temperature,

extremes in physiological storage conditions, and light.

Multifactorial degradation pathways must be considered

when researchers investigate the effects of these param-

eters on the stability of the product. Studies should in-

clude conditions that are outside the specified storage

ranges, that is, challenge conditions such as those en-

countered during periods of abnormal storage, shipping,

or handling. Examples include brief incubator malfunc-

tions, incubator or cold storage failure, periods of ex-

treme temperature fluctuation due to shipping to hot

or cold climates, hypobaric conditions experienced in

the cargo hold of a commercial airliner, or temperatures

likely to be encountered in the surgical suite. A short ex-

posure to an environmental condition well outside of an

established limit and a long exposure to an environmen-

tal condition just outside of an established acceptable

range may be equally detrimental to the overall stability

profile. The slow and constant rate of product degrada-

tion at a specified temperature may increase if a different

set of storage conditions is applied. The effect of light on

the stability-indicating profile should be investigated if it

is scientifically warranted. Give special attention to prod-

ucts stored in fluids that contain light-sensitive or reactive

components that may give rise to cytotoxic by-products.

Studies analogous to accelerated aging studies typical-

ly used in pharmaceutical stability-monitoring programs

are also useful to determine how the product degrades

and which assays are stability indicating. These studies

can be the same as some of those mentioned in the pre-

ceding paragraph. Other studies include placing a pro-

duct at 378 , or at 188 when its normal storage

temperature is 25+28, or placing a lyophilized product

in a high-humidity environment. Such studies should be
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performed before formal stability studies begin so that

the latter can incorporate the validated stability-

indicating assays.

STORAGE AND SHIPPING

Appropriate conditions are chosen to preserve the pu-

rity and potency of the product so that its specification

and those of its ingredients are maintained throughout

storage, shipping, and handling at the clinic. Initial stu-

dies must be conducted before patient administration to

determine acceptable storage, shipping, and handling

conditions. The initial storage and shipping conditions

need not be those envisioned for the commercial pro-

duct but should ensure that the product specifications

are maintained beyond the initial expiration date. For

products with short shelf lives, storage and shipping con-

ditions, even within a medical center, must be consid-

ered at the same time because shipping constitutes the

bulk of storage time after manufacturing. Give special

consideration to the ability of gas to permeate the ship-

ping container, especially if the gene therapy product is

stored or shipped on dry ice. Once stability-indicating

methods are developed and the final storage and ship-

ping conditions are chosen, these must be validated as

discussed under Stability.

Most products with limited shelf lives are shipped by

reliable overnight courier systems. In some cases, highly

fragile products are hand-carried onto commercial air-

craft. Special permission must be obtained by commer-

cial carriers if scanning by airport X-ray equipment

must be avoided. Cargo shipping studies should be de-

signed during the development of packaging systems to

identify stresses to which the product may be subjected.

Bracing and insulating materials should then be chosen

and validated to provide a packaging system that will tol-

erate, and protect the product against, the extreme con-

ditions of shipping.

Most gene therapy products can be either lyophilized

or formulated by means similar to those employed for

many recombinant proteins or cell therapy products.

These storage formulations typically have expiration pe-

riods longer than one year and no unusual shipping re-

quirements. Nonviral gene therapy products, which may

be unstable in their final formulation, can have similar ex-

piration periods if they are stored in a multiple-vial kit

with the nucleic acid in one vial and a carrier, such as lip-

ids, in the other. The final formulation is performed at the

medical center just before administration.

LABELING

Product labeling is regulated by the FDA, and compli-

ance with existing policies is required. Because gene ther-

apy products are regulated biologics, their labeling is

subject to these rules. Biologics and devices must meet

labeling requirements specific to the container and the

package (21 CFR 610 and 801, respectively). Both the

container label and the package label must include the

expiration date. If the container is packaged, then the re-

commended storage conditions should be included on

the outer package label. If the container is not packaged,

the recommended storage conditions and all other re-

quirements of a package label must appear on the con-

tainer. Labeling must also comply with relevant national

and international requirements.

If a product must be applied to the patient in a partic-

ular physical orientation or in a specifically defined area,

labeling that indicates the correct orientation and/or ar-

ea should be apparent even after the package is opened.

Unless the product has been screened for pathogenic or

microbial contaminants before release, appropriate bio-

hazard labeling may be required. For products with very

short shelf lives, expiration dating requires adjustment

and correction for time zones to provide the user an ac-

curate assessment of shelf life. Clinical procedures must

be scheduled around these crucial time frames. For pa-
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tient-specific products, the patient’s full name, initials, or

a combination of these will need to appear on the label-

ing, in addition to lot designation, to ensure that the pro-

duct is administered to the appropriate patient.

REGULATIONS AND STANDARDS

The technologies involved in manufacturing gene ther-

apy products have been widely documented in the liter-

ature and continue to evolve. These products can be

regulated as drugs or biologics, or uncommonly as de-

vices, depending on how they are manufactured and

used. The novel approaches permitted by these technol-

ogies may make it difficult to determine which FDA cen-

ters will be involved in their regulation, and the FDA has

advised manufacturers to seek clarification in the early

stages of development. Currently, the Center for Biolog-

ics Evaluation and Research (CBER) regulates most hu-

man gene therapy products. CBER relies on both the

Public Health Service Act and the Federal Food Drug

and Cosmetic Act. Regulation is the same as that for bi-

otechnology-derived products. The general require-

ments are described primarily in 21 CFR. The federal

government has issued many guidance documents as

Points to Consider or Guidelines (see www.fda.gov and,

in particular, www.fda.gov/cber/publications.htm). ICH

guidance documents for many of the quality-related ar-

eas are relevant in varying degrees to qualifying gene

therapy products (although some products are nominal-

ly outside the scope of the guidance documents,

the principles sti l l apply; see www.ifpma.org or

www.ich.org). Some of these documents are reproduced

in USP–NF as general chapters. ICH has also held a num-

ber of meetings about gene therapy products and has a

Gene Therapy Discussion Group (GTDG) that addresses

current issues in gene therapy product development and

research and has released several ICH Considerations

that reflect harmonized principles. The National Insti-

tutes of Health (NIH) has published Guidelines for Re-

search Involving Recombinant DNA Molecules that

require NIH review of research, including clinical research

or trials conducted or sponsored by institutions that re-

ceive NIH funding. These guidelines apply to many gene

therapy products.

Biological and biochemical standards for QA of the

production and analysis of gene therapy products are

highly desirable. The diversity of gene therapy products,

in particular viral vectors, has so far limited the develop-

ment of standards that have wide applicability. A MuLV

RCR preparation (VR-1450) with an assigned infectivity

titer is available from ATCC for testing murine retroviral

vectors for the presence of RCR. A wild-type adenovirus

type 5 reference standard with assigned particle number

and infectivity titer for characterization of adenoviral vec-

tors is also available from ATCC. A working group has

been set up to oversee the development of an AAV refer-

ence standard. However, several obstacles to choosing,

developing, establishing, and circulating suitable stan-

dards are apparent. These include decisions about which

virus serotype will be most commonly and successfully

used for gene therapy, availability of GMP prepared ma-

terials, safety, long-term stability, transportation, and in-

itiation and completion of collaborative studies to

evaluate candidate standards. Thus, development of

standards for other viral vectors, including lentiviral-, her-

pes viral-, and poxviral-vectors, remains challenging.

New methodologies, including proteomics, novel nu-

cleic acid technologies (NATs), protein modification

methods, and stem cell isolation and culture, are now

available and, in many cases, are applicable to the devel-

opment, characterization, and analysis of gene therapy

products. In addition, the use of synthetic polymers both

for the modification of existing viral vectors and for the

development of chemically dynamic synthetic vectors

provides advantages, e.g., improved systemic circula-

tion, better targeting and delivery, and lower levels of im-

munostimulation and inflammation. The availability of
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defined stem cell populations and improved engrafting

methods should lead to greater effectiveness of ex vivo

transduced cells used in gene therapy protocols. The in-

troduction of new methodologies will require the contin-

ual review and regulatory oversight to ensure the quality

and safety of gene therapy products of the future.

APPENDIX

Gene therapy products are regulated by the FDA as bi-

ologics, and therefore their manufacturing, testing, la-

be l ing , and othe r fac to r s a re sub jec t to the

requirements codified in CFR and FDA guidance docu-

ments (www.fda.gov). Additional guidance is provided

in ICH guidelines (www.ich.org). Manufacturers of gene

therapy products that seek markets outside the United

States should refer to regulatory documents from rele-

vant countries. Beyond USP chapters, the following list

includes regulatory documents, as well as best practices

for the development, manufacturing, quality control,

and quality assurance of gene therapy products:

CFR

21 CFR 210

21 CFR 211

21 CFR 600s

21 CFR 610 Subpart G

21 CFR 801

21 CFR 820

FDA Guidance Documents

Guideline for the Determination of Residual Moisture in

Dried Biological Products (January 1990)

Guidance for Industry: Human Somatic Cell Therapy

and Gene Therapy (March 1998)

Guidance for Industry: Supplemental Guidance on

Testing for Replication-Competent Retrovirus in Retrovir-

al Vector-Based Gene Therapy Products and During Fol-

low-up of Patients in Clinical Trials Using Retroviral

Vectors (October 2000)

FDA Guidance for Industry: Investigating Out-of-Spec-

ification (OOS) Test Results for Pharmaceutical Produc-

tion (October 2006)

Guidance for FDA Reviewers and Sponsors: Content

and Review of Chemistry, Manufacturing, and Control

(CMC) Information for Human Gene Therapy Investiga-

tional New Drug Applications (INDs) (April 2008)

Draft Guidance for Industry: Potency Tests for Cellular

and Gene Therapy Products (October 2008)

National and International Regulatory Docu-

ments

Q5A(R1): Viral Safety Evaluation of Biotechnology

Products Derived from Cell Lines of Human or Animal Or-

igin

ICH Q5C: Quality of Biotechnological Products: Stabil-

ity Testing of Biotechnological/Biological Products

ICH Q5D: Quality of Biotechnological Products: Deri-

vation and Characterization of Cell Substrates Used for

Production of Biotechnological/Biological Products

ICH Q6B Specification: Test Procedures and Accep-

tance Criteria for Biotechnological/Biological Products

ICH Q2 (R1): Validation of Analytical Procedures: Text

and Methodology

NIH Guidelines for Research Involving Recombinant

DNA Molecules (http://www4.od.nih.gov/oba/guideli-

nes.html)
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GLOSSARY OF TERMS

Adenovirus—Virus belonging to the family Adenoviri-

dae of DNA viruses having a nonenveloped virion with

252 capsomeres and a diameter between 70 and 90

nm; a single linear molecule of double-stranded DNA

(36 to 38 kb); at least 10 structural ether-resistant and ac-

id-stable proteins; virions are released by cell destruction.

Adenovirus-Associated Virus (AAV)—Human par-

vovirus contains a single-stranded DNA genome and de-

pends on helper viruses (adenovirus, herpes virus, or

vaccinia-virus) for replication. Without co-infection, the

wild-type virions integrate at a specific site on chromo-

some 19 and remain latent.

Adventitious Agent—A foreign agent that is intro-

duced accidentally or inadvertently; not natural or hered-

itary (as in microbial, chemical, or biochemical

contamination of a purified substance).

Amphotropic Virus—A virus that infects and replicates

in cells from multiple species.

Ancillary Materials—Components used during manu-

facturing that are not intended to be present in the final

product. Examples: growth factors, monoclonal antibod-

ies, cell-separation devices, and media components.

Autologous—From one’s own body.

Base Pair—Two nucleotide bases on different strands of

the nucleic acid molecule that bond together.

Bioassay—Measurement of the effectiveness of a com-

pound by its effect on animals or cells in comparison with

a standard preparation. (See also Potency.)

Biological Product—Any virus, therapeutic serum,

toxin, antitoxin, or analogous product applicable to the

prevention, treatment, or cure of diseases or injuries in

humans. (In this US FDA-derived definition, the term

analogous product has been interpreted to include es-

sentially all biotechnology-derived products and proce-

dures including gene therapy, transgenics, and somatic

cell therapy.)

Biotechnology—Any technique that uses living organ-

isms (or parts of organisms) to make or modify products,

to improve plants or animals, or to develop microorga-

nisms for specific uses. The newer definition refers to

the industrial and pharmaceutical use of rDNA, cell fu-

sion, novel bioprocessing techniques, and gene therapy.

Cell Lines—Cells that are derived from primary culture

embryos, tissue, or organs. Such cell lines may have a fi-

nite life span or may be immortalized (modified to be

able to replicate indefinitely).

Cell Therapy—Therapy that uses whole cells to treat a

disease, condition, or injury. Distinct from tissue and or-

gan transplantation.

CFTR—Cystic fibrosis transmembrane conductance reg-

ulator.

cGM P—Current good manufacturing practices. FDA

outlined cGMPs in the 21 CFR, and in the Federal Register,

and its Points to Consider.

Complementary DNA (cDNA)—DNA synthesized

from an mRNA rather than a DNA template. It is used

for cloning or as a DNA probe for locating specific genes.

Cytokine—Any factor that acts on cells; usually a pro-

tein that promotes growth.
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Cytoplasm—Cellular material that is within the cell

membrane and surrounds the nucleus.

Cytotoxic—Able to cause cell death.

Differentiation—A process of biochemical and struc-

tural changes by which cells become specialized in form

and function.

Ecotropic Virus—A virus that infects and replicates in

cells from only the original host species.

Electroporation—Method for enabling transfer of ma-

terial into cells that involves use of a brief electrical field to

create temporary pores in the cell membrane.

ELISA—Enzyme-linked immunosorbent assay. An immu-

noassay that utilizes an enzyme-labeled antigen or anti-

body to detect the binding of a molecule to a solid

matrix.

Enveloped Viruses—Viruses containing a lipoprotein

bilayer surrounding the capsid and acquired by budding

through the cell membrane of the host cells.

Episomal—Pertaining to any accessory extra-chromo-

somal genetic material.

Ex Vivo—Procedure performed outside of the living or-

ganism.

Fluorescence-Activated Cell Sorter (FACS)—A ma-

chine that sorts cells based on fluorescent markers at-

tached to them.

Formulated—Prepared in accordance with a prescribed

method or conditions.

Fusion—Joining of the membrane of two cells, creating

a daughter that contains some of the same properties

from each parent cell. It is used in making hybridoma

cells in which antibody-producing cells are fused to

mouse myeloma cells.

Gene Construct—Expression vector that contains the

coding sequence of the protein and the necessary ele-

ments for its expression.

Gene Therapy—Therapy that uses nucleic acid that is

subsequently expressed as RNA or protein to treat a dis-

ease or condition. The US FDA defines gene therapy

products as products containing genetic material admin-

istered to modify or manipulate the expression of genetic

material to alter the biological properties of living cells.

Genome—Total hereditary material of a cell.

Germ Cell—Reproductive cell (sperm or egg), gamete,

or sex cell.

Graft-Versus-Host Disease (GVHD)—Rejection of the

transplanted tissue by the host. It is the leading cause of

patient death when mismatched allogeneic tissue is

used.

Growth Factors—Factors responsible for regulatory

cell proliferation, function, and differentiation.

Helper Virus—Aids the development of a defective vi-

rus by supplying or restoring the activity of a viral gene

or by enabling the defective virus to form a functional en-

velope.

Hematopoietic—Pertaining to or affecting the forma-

tion of blood cells.
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Hepatocyte—The predominant cell type in the liver

that has an important role in metabolism and is a source

of serum proteins. These cells generally do not divide,

but when injured they can divide and regenerate until

the injured cells are replaced.

Herpes Simplex Virus (HSV)—A DNA virus that is a

member of the family Herpesviridae. It can infect both

warm- and cold-blooded vertebrates by contact be-

tween moist mucosal surfaces.

Human Leukocyte Antigen (HLA)—Proteins con-

trolled by the major histocompatibility complex. These

proteins play a key role in determining transplant com-

patibility.

Humoral—Pertaining to elements found in body fluids

(for example, humoral immunity and neutralizing anti-

bodies).

Hybridization Dot Blot (DNA or RNA)—A technique

for detecting, analyzing, and identifying protein; similar

to the Western blot but without electrophoretic separa-

tion of proteins.

Immunoassay—Technique for identifying substances

based on the use of antibodies.

Insertional Mutagenesis—A type of mutation that is

caused by the insertion of nucleic acid into a host-cell

chromosome. There are multiple possible negative con-

sequences of such an event, including death of a cell if an

essential gene is inactivated or predisposition to cancer if

a tumor suppressor gene is inactivated.

Integration—Assimilation (insertion via covalent bind-

ing) of genetic material (DNA) into the chromosome of a

recipient cell.

Intrabodies—Intracellular antibodies that are not se-

creted and that are designed to bind and inactivate tar-

get molecules inside cells.

In Vivo—Procedure performed in the living organism.

In Vitro—Procedure performed outside of the living or-

ganism. It may involve cells or tissues derived from the

organisms.

Leukemia—Malignant neoplasm of the blood-forming

tissues.

Lipoplex—A formulation of lipids and polymers and/or

proteins.

Liposome—A spherical lipid bilayer enclosing an aque-

ous compartment.

Mock Run—A test run that deliberately omits some crit-

ical reagents.

Monoclonal Antibodies—Antibodies that are derived

from a single cell clone.

Naked DNA—Isolated, purified, and uncomplexed DNA

(no protein or lipid).

Oligonucleotide—A polymer consisting of a small

number of nucleotides, usually 5 to 30.
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Oncogenes—Genes associated with neoplastic prolifer-

ation (cancer) following a mutation or perturbation in

their expression.

Oncogenic—Cancer-causing.

Packaging Cell Line—Cell line that produces proteins

required for packaging and production of viral vectors in

an active form but does not produce replication-compe-

tent virus. It complements at the protein level what the

vector is lacking genetically.

Parvovirus—DNA viruses of the family Parvoviridae.

Host range includes many vertebrate species. Small, lin-

ear chain, single-stranded DNA with terminal hairpin

loops.

Plasmid—A small circular form of DNA that carries cer-

tain genes and is capable of replicating independently in

a host cell.

Process Validation—Means for providing documenta-

tion that the manufacturing process is controlled, repro-

ducible, and capable of consistently producing a product

that meets predetermined specifications.

Producer Cell Line—An established cell line used to

produce virus vectors, often at a large scale.

Polymerase Chain Reaction (PCR)—Technique to

amplify a target DNA or RNA sequence of nucleotides

by repeated cycles of polymerase-based copying, result-

ing in geometric increases in copy number.

Potency—A quantitative measure of biological activity

based on the attribute of the product linked to the rele-

vant biological properties.

Promoter—DNA sequence that is located at the front of

a gene and controls gene expression. It is required for

binding of RNA polymerase to initiate transcription.

Recombinant DNA—DNA produced by joining frag-

ments of DNA from different sources by in vitro manipu-

lations.

Replication-competent Virus—A virus that can com-

plete an entire replication cycle without a need for a hel-

per virus; an autonomously replicating virus.

Restriction Endonuclease—An endonuclease that re-

cognizes a specific sequence of bases within double-

stranded DNA.

Retrovirus—A virus that contains reverse transcriptase,

which converts viral RNA into DNA that then integrates

into the host cell in a form called a provirus.

Serum-Free—Refers to cell growth medium that lacks a

serum component.

S Phase—Part of the cell cycle during which DNA repli-

cation occurs (Synthesis Phase).

Stem Cell—Immortal cell that is capable of proliferating

and differentiating into different types of specialized

cells. Each major tissue system is thought to have its

own putative stem cell.

Suspension Culture—Cells capable of growth in sus-

pension, not requiring substrate (attachment) on which

to grow.
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Transduction—Transfer and expression of genetic ma-

terial into a cell by means of a virus or phage vector.

Transfection—Transfer of DNA into cells by physical

means such as by calcium phosphate coprecipitation.

Transgene—Refers to the foreign genetic material deliv-

ered as part of a vector construct.

Vector—The agent (plasmid, virus, or liposome–protein

or DNA–protein complex) used to introduce nucleic acid

into a cell.

Viability—State of being alive and functional.

Virion—An elementary viral particle consisting of genet-

ic material (nucleocapsid) and a protein covering.

Virus—Submicroscopic infectious agent that contains

genetic information necessary for reproduction. It is an

obligate intracellular parasite.

Western Blot—An electroblotting method in which

proteins are transferred from a gel to a thin, rigid support

(e.g., nitrocellulose membrane) and detected by binding

radioactively labeled antibody or antibody coupled to an

enzyme, allowing use of a precipitating chromogenic or

chemiluminescent substrate.

Xenogeneic—From a different species.&2S (USP34)

DIETARY SUPPLEMENT
CHAPTERS

BRIEFING

h2040i Disintegration and Dissolution of Dietary Sup-
plements, USP 33 Reissue page 109, page 567 of PF 36(2), and
the Revision Bulletin posted on USP’s website on January 29,
2010. Because there is no dissolution procedure to assess the
performance of tablet formulations containing vitamin A, a
new dissolution test method supported by a new HPLC proce-
dure is being proposed for evaluation of the dissolution perfor-
mance of dietary supplements tablets containing vitamin A in
the forms of retinyl acetate or retinyl palmitate. A proposed
HPLC method has been developed and validated with the Phe-
nomenex Luna C18(2), 100-mm 6 4.6 mm, 3-mm analytical
column using gradient elution. Retinyl acetate elutes at a reten-
tion time of 5.8 min, and retinyl palmitate elutes at a retention
time of 11.5 min. The validation data has been published in the
article ‘‘Development and validation of a dissolution test meth-
od for vitamin A in dietary supplement tablets.’’ Davydova, N.,
Stipler E., Jin P., and Giancaspro G. J. Pharm. Biomedical Anal.
[Online access]. DOI: 10.1016/j.jpba.2010.03.036.

(DS-PS: N. Davydova) RTS—C91834

Change to read:

DISINTEGRATION

This test is provided to determine whether dietary supple-
ment tablets or capsules disintegrate within the prescribed time
when placed in a liquid medium at the experimental conditions
presented below. Compliance with the limits on Disintegration
stated in the individual monographs for dietary supplements is
required except where the label states that the products are in-
tended for use as troches, are to be chewed, or are designed as
extended-release dosage forms. Dietary supplements claiming
to be extended-release dosage forms must comply with stan-
dards other than disintegration to verify that the release of
the dietary ingredients from the dosage form is for a defined
period of time. Dietary supplements claiming to be extended-
release dosage forms shall not be labeled as in compliance with
USP unless a USP monograph exists for such product. Deter-
mine the type of units under test from the labeling and from
observation, and apply the appropriate procedure to 6 or more
units.

For purposes of this test, disintegration does not imply com-
plete solution of the unit or even of its active constituent. Com-
plete disintegration is defined as that state in which any residue
of the unit, except fragments of insoluble coating or capsule
shell, remaining on the screen of the test apparatus or adhering
to the lower surface of the disk, if used, is a soft mass having no
palpably firm core.
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Apparatus

Apparatus A—Use the Apparatus described under Disinte-
gration h701i for tablets or capsules that are not greater than
18-mm long. For larger tablets or capsules, use Apparatus B.

Apparatus B—The apparatus1 consists of a basket-rack as-
sembly, a 1000-mL, low-form beaker for the immersion fluid, a
thermostatic arrangement for heating the fluid between 358
and 398, and a device for raising and lowering the basket in
the immersion fluid at a constant frequency rate between 29
and 32 cycles per minute through a distance of not less than
53 mm and not more than 57 mm. The volume of the fluid
in the vessel is such that at the highest point of the upward
stroke the wire mesh remains at least 15 mm below the surface
of the fluid and descends to not less than 25 mm from the bot-
tom of the vessel on the downward stroke. At no time should
the top of the basket-rack assembly become submerged. The
time required for the upward stroke is equal to the time re-
quired for the downward stroke, and the change in stroke direc-
tion is a smooth transition rather than an abrupt reversal of
motion. The basket-rack assembly moves vertically along its ax-
is. There is no appreciable horizontal motion or movement of
the axis from the vertical.

Basket-Rack Assembly—The basket-rack assembly

&(see Figure 1)&2S (USP33)

consists of three open-ended transparent tubes, each
77.5+ 2.5 mm long and having an inside diameter of 32.0
to 34.6 mm and a wall 2.0 to 3.0 mm thick; the tubes are held
in a vertical position by two plastic plates, each about

&

&2S (USP33)

97

& + 2&2S (USP33)
mm in diameter and 7.5 to 10.5 mm in thickness, with three
holes, each about 33 to 34

&36.0 to 40.6&2S (USP33)

mm in diameter, equidistant from the center of the plate and
equally spaced from one another. Attached to the under surface
of the lower plate is 10-mesh No. 23 (0.025-inch) W. and M.
gauge woven stainless-steel wire cloth having a plain square
weave. The parts of the apparatus are assembled and rigidly
held by means of three bolts passing through the two plastic
plates. A suitable means is provided to suspend the basket-rack
assembly from the raising and lowering device using a point on
its axis.

The design of the basket-rack assembly may be varied some-
what provided the specifications for the glass tubes and the
screen mesh size are maintained.

1 An apparatus and disks meeting these specifications are available from
Varian Inc., 13000 Weston Parkway, Cary, NC 27513, or from laborato-
ry supply houses.
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&

Figure 1. Basket-rack assembly, Disintegration, Apparatus B (dimensions in mm).

Beaker—Low form, 1000 mL; the difference between

the diameter of the plastic plates, which hold the tubes

in a vertical position, and the inside diameter of the bea-

ker should not be more than 6 mm.2
&2S (USP33)

Disks—Each tube is provided with a perforated cylindrical
disk 15.3+0.15 mm thick and 31.4+0.13 mm in diameter.
The disk is made of a suitable, transparent plastic material hav-
ing a specific gravity of between 1.18 and 1.20. Seven
3.15+0.1-mm holes extend between the ends of the cylinder,
one of the holes being through the cylinder axis and the others
parallel with it and equally spaced on a 4.2+0.1-mm radius
from it. All surfaces of the disk are smooth.3

Procedure

Uncoated Tablets—Place 1 tablet in each of the tubes of
the basket and, if prescribed, add a disk to each tube. Operate
the apparatus, using water or the specified medium as the im-
mersion fluid, maintained at 37+28. At the end of 30 minutes,
lift the basket from the fluid, and observe the tablets: all of the
tablets disintegrate completely. If 1 or 2 tablets fail to disinte-
grate completely, repeat the test on 12 additional tablets. The
requirement is met if not fewer than 16 of the total of 18 tablets
tested disintegrate completely.

Plain Coated Tablets—Place 1 tablet in each of the tubes
of the basket and, if the tablet has a soluble external sugar coat-
ing, immerse the basket in water at room temperature for 5
minutes. Then, if prescribed, add a disk to each tube, and op-
erate the apparatus, using water or the specified medium as the
immersion fluid, maintained at 37+28. At the end of 30 min-
utes, lift the basket from the fluid, and observe the tablets: all of
the tablets disintegrate completely. If 1 or 2 tablets fail to disin-

&2 1000-mL low-form beakers, designed in compliance with
the current ASTM E 960 Type I or Type II or ISO 3819 specifica-
tions, are suitable.&2S (USP33)

3 The use of automatic detection employing modified disks is permitted
where the use of disks is specified or allowed. Such disks must comply
with the requirements for density and dimensions given in this chapter.
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tegrate completely, repeat the test on 12 additional tablets. The
requirement is met if not fewer than 16 of the total of 18 tablets
tested disintegrate completely.

Delayed-Release (Enteric-Coated) Tablets—Place 1 tab-
let in each of the six tubes of the basket, and if the tablet has a
soluble external sugar coating, immerse the basket in water at
room temperature for 5 minutes. Then operate the apparatus
using simulated gastric fluid TS maintained at 37+28 as the
immersion fluid. After 1 hour of operation in simulated gastric
fluid TS, lift the basket from the fluid, and observe the tablets:
the tablets show no evidence of disintegration, cracking, or
softening. Operate the apparatus, using simulated intestinal flu-
id TS, maintained at 37+28, as the immersion fluid for the time
specified in the monograph. Lift the basket from the fluid, and
observe the tablets: all of the tablets disintegrate completely. If
1 or 2 tablets fail to disintegrate completely, repeat the test on
12 additional tablets: not fewer than 16 of the total of 18 tab-
lets tested disintegrate completely.

&Delayed-Release (Enteric-Coated) Soft Shell

Capsules—Place 1 softgel capsule in each of the six

tubes of the basket. Use two baskets for a total of six

tubes for Apparatus B. Omit the use of a disk. Operate

the apparatus using simulated gastric fluid TS maintained

at 37+28 as the immersion fluid. After 1 hour of opera-

tion in simulated gastric fluid TS, lift the basket from the

fluid and observe the softgels: The softgels show no evi-

dence of disintegration or rupture permitting the escape

of the contents. Operate the apparatus with disks, using

simulated intestinal fluid TS, maintained at 37+ 28, as

the immersion fluid. Lift the basket from the fluid, and

observe the capsules. All the capsules disintegrate com-

pletely within 60 minutes. If 1 or 2 capsules fail to disin-

tegrate completely, repeat the test on 12 additional

capsules: Not fewer than 16 of a total of 18 capsules

tested disintegrate completely.&2S (USP33)

Buccal Tablets—Apply the test for Uncoated Tablets. After 4
hours, lift the basket from the fluid, and observe the tablets: all
of the tablets disintegrate completely. If 1 or 2 tablets fail to dis-
integrate completely, repeat the test on 12 additional tablets:
not fewer than 16 of the total of 18 tablets tested disintegrate
completely.

Sublingual Tablets—Apply the test for Uncoated Tablets. At
the end of the time limit specified in the individual monograph,
all of the tablets disintegrate completely. If 1 or 2 tablets fail to
disintegrate completely, repeat the test on 12 additional tab-
lets: not fewer than 16 of the total of 18 tablets tested disinte-
grate completely.

Hard Shell Capsules—Apply the test for Uncoated Tablets,
using as the immersion fluid, maintained at 37+28, a 0.05 M
acetate buffer prepared by mixing 2.99 g of sodium acetate tri-
hydrate and 1.66 mL of glacial acetic acid with water to obtain
a 1000-mL solution having a pH of 4.50+0.05. Attach a re-
movable wire cloth, as described under Basket-Rack Assembly,
to the surface of the upper plate of the basket-rack assembly.
At the end of 30 minutes, lift the basket from the fluid, and ob-
serve the capsules: all of the capsules disintegrate except for
fragments from the capsule shell. If 1 or 2 capsules fail to disin-

tegrate completely, repeat the test on 12 additional capsules:
not fewer than 16 of the total of 18 capsules tested disintegrate
completely.

Soft Shell Capsules—Proceed as directed under Rupture
Test for Soft Shell Capsules.

Use of Disks—
VITAMIN–MINERAL DOSAGE FORMS—Add a disk to each tube unless

otherwise specified in the individual monograph.
BOTANICAL DOSAGE FORMS—Omit the use of disks unless other-

wise specified in the individual monograph.
DIETARY SUPPLEMENTS OTHER THAN VITAMIN–MINERAL AND BOTANICAL

DOSAGE FORMS—Omit the use of disks unless otherwise specified
in the individual monograph.

NOTE—The use of disks for enteric-coated tablets is not per-
mitted.

Change to read:

DISSOLUTION

This test is provided to determine compliance with the Disso-
lution requirements where stated in the individual monograph
for dietary supplements, except where the label states that tab-
lets are to be chewed.

See Dissolution h711i for description of apparatus used, Appa-
ratus Suitability Test, and other related information.

.Soft gelatin capsule preparations of dietary supplements
meet the requirements for Disintegration.

Official until August 1, 2011. (RB 1-Mar-2010)

&Figure 2 shows the schematic view of a flow-through cell

specifically intended for lipid-filled soft gelatin capsules.

It consists of three transparent parts that fit into each oth-

er (USP Apparatus 4). The lower part (1) is made up of

two adjacent chambers connected to an overflow de-

vice. The dissolution medium passes through chamber

A and is subjected to an upward flow. The flow in cham-

ber B is directed downward to a small-size bore exit that

leads upward to a filter assembly. The middle part (2) of

the cell has a cavity designed to collect lipophilic excipi-

ents that float on the dissolution medium. A metal grid

serves as a rough filter. The upper part (3) holds a filter

unit for paper, glass fiber, or cellulose filters.&2S (USP33)

Of the types of apparatus described in h711i, use the one spec-
ified in the individual monograph.
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&

Figure 2. Flow-through cell designed for lipid-filled soft

gelatin capsules (dimensions in mm).&2S (USP33)

For hard or soft gelatin capsules and gelatin-coated tablets
that do not conform to the dissolution specification, repeat
the test as follows. Where water or a medium with a pH of less
than 6.8 is specified as the Medium in the individual mono-
graph, the same Medium specified may be used with the addi-
tion of purified pepsin that results in an activity of 750,000
Units or less per 1000 mL. For media with a pH of 6.8 or greater,
pancreatin can be added to produce not more than 1750 USP
Units of protease activity per 1000 mL.

This nonspecific dissolution is intended to be diagnostic of
known technological problems that may arise as a result of
coatings, lubricants, disintegrants, and other substances inher-
ent in the manufacturing process. For dosage forms containing
botanical extracts, this dissolution measurement allows an as-
sessment of the extent of decomposition of the extract to poly-
meric or other nondissoluble compounds that may have been
produced by excessive drying or other manipulations involved
in the manufacture of botanical extracts. The operative assump-
tion inherent in this procedure is that if the index or marker
compound(s) or the extract is demonstrated to have dissolved
within the time frame and under conditions specified, the dos-
age form does not suffer from any of the above formulation or
manufacturing related problems.

Vitamin–Mineral Dosage Forms

All dietary supplements belonging to USP Classes II to VI, pre-
pared as tablets or capsules, are subject to the dissolution test
and criteria described in this chapter for folic acid (if present)
and for index vitamins and index minerals. This test is required
because of the importance of the relationship between folate
deficiency and the risk of neural tube defects. The accompany-
ing table lists the dissolution requirements for the individual
USP classes of dietary supplements. Class I dietary supplements
are combinations of oil-soluble vitamins for which dissolution
standards are not established; hence, dissolution requirements
do not apply to the oil-soluble vitamins contained in formula-

tions belonging to Class IV or Class V. Vitamin–mineral combi-
nations that may not be strictly covered by USP Classes I to Class
VI are subject to the dissolution test and criteria specified in the
individual monographs.

Dietary Supplements—Vitamin–Mineral
Dosage Forms

USP
Class

Combination of
Vitamins or Minerals

Present
Dissolution

Requirement
I Oil-Soluble Vitamins not applicable

&vitamin A (if

present)—for

tablets only&2S (USP34)

II Water-Soluble Vitamins one index vitamin;
folic acid (if present)

III Water-Soluble Vitamins
with Minerals

one index vitamin and
one index element;
folic acid (if present)

IV Oil- and Water-Soluble
Vitamins

one index water-
soluble vitamin;
folic acid (if present)

V Oil- and Water-Soluble
Vitamins with Minerals

one index water-
soluble vitamin and
one index element;
folic acid (if present)

VI Minerals one index element

Unless otherwise stated in the individual monograph, test 6
dosage units for dissolution as directed under Dissolution h711i .

&DISSOLUTION CONDITIONS FOR VITAMIN A TABLETS

NOTE—Perform this test under light conditions that

minimize photo degradation.

Medium: 1% (w/v) sodium ascorbate and 1% (w/v)

octoxynol 9 in 0.05 M phosphate buffer pH 6.8; 900 mL

Apparatus 2: 75 rpm

Time: 45 min&2S (USP34)

DISSOLUTION CONDITIONS FOR FOLIC ACID

NOTE—Perform this test under light conditions that mini-
mize photo degradation.

&Test 1—&1S (USP34)

Medium: Water; 900 mL. If the units tested do not meet
the requirements for dissolution in water, test 6 additional dos-
age units for dissolution in a medium of 900 mL of 0.05 M pH
6.0 citrate buffer solution, prepared by mixing 9.5 mL of 0.1 M
citric acid monohydrate and 40.5 mL of 0.1 M sodium citrate
dihydrate in a 100-mL volumetric flask, diluting with water to
volume, mixing, and adjusting to a pH of 6.0 by using either
0.1 M hydrochloric acid or 0.1 M sodium hydroxide solution.

Apparatus 1: 100 rpm, for capsules.
Apparatus 2: 75 rpm, for tablets.
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Time: 1 hour.

&Test 2—

If the product complies with this test, the labeling indi-

cates that it meets USP Dissolution Test 2.

Medium: 45 mM citrate buffer, pH 6.0; 250 mL.

Apparatus 3: 30 dpm.

Screen (Top & Bottom): 56-mesh.

Time: 1 hour.&1S (USP34)

NOTE—Compliance with the dissolution requirements for
folic acid does not exempt the product from dissolution testing
of the pertinent index vitamin or the corresponding index min-
eral.

DISSOLUTION CONDITIONS FOR INDEX

&WATER SOLUBLE&2S (USP34)
VITAMINS AND INDEX MINERALS

&Test 1—&1S (USP34)

Medium: 0.1 N hydrochloric acid; 900 mL.
Apparatus 1: 100 rpm, for capsules.
Apparatus 2: 75 rpm, for tablets.
Time: 1 hour.
For formulations containing 25 mg or more of the index vi-

tamin, riboflavin, use the following conditions:
Medium: 0.1 N hydrochloric acid; 1800 mL.
Apparatus 1: 100 rpm, for capsules.
Apparatus 2: 75 rpm, for tablets.
Time: 1 hour.

&Test 2—

If the product complies with this test, the labeling indi-

cates that it meets USP Dissolution Test 2.

Medium: 45 mM citrate buffer, pH 6.0; 250 mL.

Apparatus 3: 30 dpm.

Screen (Top & Bottom): 56-mesh.

Time: 1 hour.&1S (USP34)

NOTE—Compliance with dissolution requirements for the
pertinent index vitamin or index mineral does not exempt the
product from dissolution testing of folic acid, if present.

SELECTION OF INDEX VITAMINS AND INDEX ELEMENTS

Compliance with the dissolution requirements for dietary
supplements representing combinations of water-soluble vita-
mins (Water-Soluble Vitamins Capsules and Water-Soluble Vita-
mins Tablets) and combinations of oil- and water-soluble
vitamins (Oil- and Water-Soluble Vitamins Capsules and Oil-
and Water-Soluble Vitamins Tablets) is determined by measuring
the dissolution of a single index vitamin from the water-soluble
vitamins present. Riboflavin is the index vitamin when present

in the formulation. For formulations that do not contain ribofla-
vin, pyridoxine is the index vitamin. If neither riboflavin nor pyr-
idoxine is present in the formulation, the index vitamin is
niacinamide (or niacin), and in the absence of niacinamide
(or niacin), the index vitamin is thiamine. If none of the above
four water-soluble vitamins is present in the formulation, the in-
dex vitamin is ascorbic acid.

Compliance with the dissolution requirements for dietary
supplements representing combinations of minerals (Minerals
Capsules and Minerals Tablets) is determined by measuring the
dissolution of only one index element. Iron is the index element
when present in the formulation. For formulations that do not
contain iron, the index element is calcium. If neither iron nor
calcium is present, the index element is zinc, and in the absence
of all three of these elements, magnesium is the index element.

Compliance with dissolution requirements for dietary supple-
ments representing combinations of water-soluble vitamins
and minerals (Water-Soluble Vitamins with Minerals Capsules
and Water-Soluble Vitamins with Minerals Tablets) and combina-
tions of oil- and water-soluble vitamins and minerals (Oil- and
Water-Soluble Vitamins with Minerals Capsules and Oil- and Wa-
ter-Soluble Vitamins with Minerals Tablets) is determined by mea-
suring the dissolution of one index water-soluble vitamin and
one index element, designated according to the respective hi-
erarchies described above.

PROCEDURES

In the following procedures, combine equal volumes of the
filtered solutions of the 6 individual specimens withdrawn,
and determine the amount of

&vitamin A,&2S (USP34)

folic acid or the index vitamin or element dissolved, based on
the average of 6 units tested. Make any necessary modifications
including concentration of the analyte in the volume of test so-
lution taken. Use the Medium for preparation of the Standard
solution and dilution, if necessary, of the test solution.

&Vitamin A—Determine the percentage of retinyl ace-

tate or retinyl palmitate dissolved by employing the fol-

lowing procedure.

Sample solution: Withdraw a portion of the solu-

tion under test, pass through a suitable filter of 0.45-

mm pore size, use the pooled sample as the test speci-

men.

Standard solution: Dissolve a suitable amount of

USP Retinyl Acetate RS or USP Retinyl Palmitate RS in iso-

propyl alcohol and dilute with Medium to obtain a con-

centration similar to that expected in the Sample solution.

[NOTE—The amount of alcohol should be 5–10%.]

Solution A: Methanol and water (90 : 10)

Solution B: Methanol and isopropyl alcohol

(55 : 45)

Mobile phase: See the gradient table below.
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Time

(min)

Solution A

(%)

Solution B

(%)

0 100 0

8 0 100

13 0 100

13.1 100 0

15 100 0

Chromatographic system—

(See Chromatography h621i, System Suitability).

Mode: LC

Detector: UV 325 nm

Column: 4.6-mm 6 10-cm; 3-mm packing L1

Flow rate: 1.0 mL/min

Injection size: 50 mL

System suitability—

Sample: Standard solution

Suitability requirements

Tailing factor: NMT 1.5 for retinyl acetate and

NMT 2.0 for retinyl palmitate

Relative standard deviation: NMT 2.0%

Analysis—

Samples: appropriate Standard solution and Sample

solution

Result = (rU/rS) 6 (CS 6 V/L) 6 100

rU = peak area of the all-trans-retinyl ester from the

Sample solution

rS = peak area of the all-trans-retinyl ester from the

appropriate Standard solution

CS = concentration of retinol (C20H30O) in the appro-

priate Standard solution (mg/mL)

V = volume of Medium, 900 mL

L = label claim of vitamin A, as retinol (C20H30O) (mg/

Tablet)&2S (USP34)

Folic Acid—Determine the amount of C19H19N7O6 dissolved
by employing the procedure set forth in the Assay for folic acid
under Oil- and Water-Soluble Vitamins with Minerals Tablets, in
comparison with a Standard solution having a known concen-
tration of USP Folic Acid RS in the same Medium.

Niacin or Niacinamide, Pyridoxine, Riboflavin, and
Thiamine—Determine the amount of the designated index vi-
tamin dissolved by employing the procedure set forth in the As-
say for niacin or niacinamide, pyridoxine, riboflavin, and thiamine
under Water-Soluble Vitamins Tablets.

Ascorbic Acid—Determine the amount of C6H8O6 dissolved
by adding 10 mL of 1.0 N sulfuric acid and 3 mL of starch TS to
100.0 mL of test solution, and titrating immediately with
0.01 N iodine VS. Perform a blank determination, and make
any necessary correction.

Iron, Calcium, Magnesium, and Zinc—Determine the
amount of the designated index element dissolved by employ-
ing the procedure set forth in the appropriate Assay under Min-
erals Capsules.

TOLERANCES

The requirements are met if

&not less than 75% of the labeled content of vitamin

A,&2S (USP34)
not less than 75% of the labeled content of folic acid and not
less than 75% of the labeled content of the index vitamin or the
index element from the units tested is dissolved. in 1 hour

&

&2S (USP34)

Botanical Dosage Forms

Compliance with dissolution requirements necessitates the
testing of 6 dosage units individually, or testing 2 or more dos-
age units in each of the 6 vessels of the dissolution apparatus,
and measuring the dissolution of one or more index/marker
compound(s) or the extract specified in the individual mono-
graph.

PROCEDURES

Combine equal volumes of the filtered solutions of the 6 or
more individual specimens withdrawn, and use the pooled
sample as the test solution. Determine the average amount of
index or marker compound(s) or the extract dissolved in the
pooled sample by the Procedure specified in the individual
monograph. Make any necessary modifications, including con-
centration of the analyte in the volume of the test solution tak-
en. Use the Medium for preparation of the Standard solution
and dilution, if necessary, of the test solution.

INTERPRETATION

Pooled Sample—Unless otherwise specified in the individual
monograph, the requirements are met if the quantities of the
index or marker compound(s) or the extract dissolved from
the pooled sample conform to the accompanying acceptance
table. The quantity, Q, is the amount of dissolved index or
marker compound(s) or the extract specified in the individual
monograph, expressed as a percentage of the labeled content.
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The 5%, 15%, and 25% values in the acceptance table are per-
centages of the labeled content so that these values and Q are
in the same terms.

Acceptance Table for a Pooled Sample

Stage
Number
Tested Acceptance Criteria

S1 6 Average amount dissolved is not
less than Q + 10%

S2 6 Average amount dissolved
(S1 + S2) is equal to
or greater than Q + 5%

S3 12 Average amount dissolved
(S1 + S2 + S3) is equal
to or greater than Q

~

TOLERANCES

Unless otherwise specified in the individual mono-

graph, the requirements are met if not less than 75%

of the labeled content of the index or marker com-

pound(s) or the extract from the units tested is dissolved

in 1 hour.~USP34

Dietary Supplements Other Than Vitamin–
Mineral and Botanical Dosage Forms

Unless otherwise stated in the individual monographs for di-
etary supplement dosage forms in this category, compliance re-
quires the testing of 6 individual units, measuring the
dissolution of the dietary ingredient as the average of the 6
units tested.

PROCEDURES

Combine equal volumes of the filtered solutions of the 6 spe-
cimens withdrawn, and use the pooled sample as the test solu-
tion. Determine the average amount of dietary ingredient
dissolved in the pooled sample by the Procedure specified in
the individual monograph. Make any necessary modifications,
including concentration of the analyte in the volume of the test
solution taken. Use the Medium for preparation of the Standard
solution and for dilution, if necessary, of the test solution.

TOLERANCES

Because of the diversity of chemical characteristics and solu-
bilities of dietary ingredients pertaining to this category, gener-
al tolerances cannot be established. See individual monographs
for Tolerances.
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REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

Deuterium Chloride. It is proposed to add this new
reagent used in the test for Assay in the new monographs for
Hydroxypropyl Corn Starch, Hydroxypropyl Potato Starch, and
Hydroxypropyl Pea Starch.

(HDQ: M. Marques) RTS—C85474

Add the following:
&Deuterium Chloride (Deutero Hydrochloric Acid),

DCl—37.47 [7698-05-7]—Toxic gas. Use a suitable

grade grade with a degree of deuteration of NLT

99%.&2S (USP34)

BRIEFING

2-(Dimethylamino)ethyl Methacrylate, page R-691 of
the First Supplement to USP 33 Reissue. It is proposed to correct
some of the specifications for this reagent.

(HDQ: M. Marques) RTS—C91571

Change to read:
2-Dimethylaminoethyl Methacrylate

&2-(Dimethylamino)ethyl Methacrylate&2S (USP34)

, CH2CHCO2CH2CH2N(CH3)2—143.18[2439-35-2]

&CH2=C(CH3)COOCH2CH2N(CH3)2—157.21

[2867-47-2]&2S (USP34)

—Use a suitable grade

&with a content of NLT 98%.&2S (USP34)

BRIEFING

Dulcitol, page R-693 of the First Supplement of USP 33
Reissue. It is proposed to delete this reagent.

(HDQ: M. Marques) RTS—C93079

Delete the following:
&Dulcitol—See Galactitol.&2S (USP34)

BRIEFING

Hexamethylenetetramine. It is proposed to add a cross-
reference to the reagent Methenamine.

(HDQ: M. Marques) RTS—C89096

Add the following:
&Hexamethylenetetramine—See Methena-

mine.&2S (USP34)

BRIEFING

Methenamine, page R-702 of the First Supplement to USP
33 Reissue. It is proposed to update the specifications for this
reagent.

(HDQ: M. Marques) RTS—C90841

Change to read:
Methenamine

&(Hexamethylenetetramine; Urotropine; Uritone; Hexam-

ine), C6H12N4—140.19 [100-97-0]&2S (USP34)

—Use Methenamine (USP monograph).

&—Use ACS reagent grade Hexamethylenetetra-

mine.&2S (USP34)
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BRIEFING

Perchloric Acid, page R-710 of the First Supplement to USP
33 Reissue. It is proposed to revise the specifications for this
reagent.

(HDQ: M. Marques) RTS—C91569

Change to read:
Perchloric Acid (70 Percent Perchloric Acid), HClO4—

100.46 [7601-90-3]—Use ACS reagent grade (containing
between 70.0%

&69.0%&2S (USP34)

and 72.0% of HClO4).

BRIEFING

4-(2-Pyridylazo)resorcinol. It is proposed to add this new
reagent used in the test for Assay in the monograph for
Ammonium Molybdate.

(HDQ: M. Marques) RTS—C89096

Add the following:
&4-(2-Pyridylazo)resorcinol (PAR), C11H9N3O2, free

acid; C11H8N3NaO2, monosodium salt—215.21, free

acid; 237.21, monosodium salt

[1141-59-9, free acid; 16593-81-0, monosodium salt]—

Use ACS reagent grade.&2S (USP34)

BRIEFING

Sulfamerazine. It is proposed to add this new reagent
used to prepare the Internal standard solution, in the test for
Assay in the monograph for Silver Sulfadiazine.

(HDQ: M. Marques) RTS—C92722

Add the following:
&Sulfameraz ine (4 -Amino -N- (4 -me thy l -2 -

pyrimidinyl)benzenesulfonamide), C11H12N4O2S—264.30

[127-79-7]—Use a suitable grade with a content of NLT

99.0%.&2S (USP34)

BRIEFING

Trifluorovinyl Chloride Polymer, page R-730 of the First
Supplement to USP 33 Reissue. It is proposed to add more
information about this reagent.

(HDQ: M. Marques) RTS—C87704

Change to read:
Trifluorovinyl Chloride Polymer

&(Fluorolube; 1-Chloro-1,2,2-trifluoro-ethene Homopoly-

mer), (C2ClF3)x&2S (USP34)

—Use a suitable grade.
[NOTE—A suitable grade is available commercially as ‘‘Fluor-

olube’’ from reagent suppliers.

&as catalog number Z123552 from www.sigma-aldrich.

com.]&2S (USP34)
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REFERENCE TABLES

BRIEFING

Container Specifications for Capsules and Tablets,
page R-1257 of the Second Supplement to USP 33 Reissue and
page 1037 of PF 36(4) [July–Aug. 2010].

(HDQ) RTS—C54619; C90844

The following table is provided as a reminder for the pharma-
cist engaged in the typical dispensing situation who already is
acquainted with the Packaging and Storage requirements set
forth in the individual monographs. It lists the capsules and tab-
lets that are official in the United States Pharmacopeia and indi-
cates the relevant tight (T), well-closed (W), and light-resistant
(LR) specifications applicable to containers in which the drug
that is repackaged should be dispensed.

This table is not intended to replace, nor should it be inter-
preted as replacing, the definitive requirements stated in the in-
dividual monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

&Abacavir Tablets W&1S (USP34)

Add the following:

&Alfuzosin Hydrochloride Extended-

Release Tablets T, LR&2S (USP34)

Add the following:

&Alprazolam Tablets, Extended-

Release T, LR&1S (USP34)

Add the following:

&Amoxicillin Capsules T&2S (USP34)

Add the following:

&Amoxicillin Tablets T&2S (USP34)

Add the following:

&Amoxicillin and Clavulanate

Potassium Tablets T&2S (USP34)

Add the following:

&Anagrelide Capsules T&2S (USP34)

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

&Artemether and Lumefantrine

Tablets W, LR&1S (USP34)

Add the following:

~

Balsalazide Disodium Capsules T~USP34

Add the following:

~

Carbidopa and Levodopa Tablets,

Extended-Release W, LR~USP34

Add the following:

~

Cephalexin Tablets for Oral

Suspension T~USP34

Add the following:

&Cetirizine Hydrochloride Tablets W&1S (USP34)

Add the following:

~Cetirizine Hydrochloride and

Pseudoephedrine Hydrochloride

Extended-Release Tablets W~USP34

Add the following:

&Codeine Sulfate Tablets W&2S (USP34)

Add the following:

~

Crypthecodinium cohnii Oil Capsules T, LR~USP34

Add the following:

&Divalproex Sodium Capsules,

Delayed-Release T, LR&1S (USP34)

Add the following:

&Divalproex Sodium Tablets,

Extended-Release W&1S (USP34)

Add the following:

&Donepezil Hydrochloride Tablets W&1S (USP34)

Add the following:

&Donepezil Hydrochloride Orally

Disintegrating Tablets W&1S (USP34)

Add the following:

&Doxycyc l ine Hyc la te Tab le t s ,

Delayed-Release T, LR&2S (USP34)
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

&Drospirenone and Ethinyl Estradiol

Tablets W&2S (USP34)

Add the following:

&Efavirenz Capsules W&1S (USP34)

Add the following:

&Entacapone Tablets LR&1S (USP34)

Add the following:

&Escitalopram Tablets W&2S (USP34)

Add the following:

&Hydrochlorothiazide Capsules W&1S (USP34)

Add the following:

~

Lamotrigine Tablets W~USP34

Add the following:

~

Levetiracetam Tablets T~USP34

Add the following:

~

Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR~USP34

Add the following:

~

Loratadine Orally Disintegrating

Tablets T~USP34

Add the following:

&Mefloquine Hydrochloride Tablets T, LR&1S (USP34)

Add the following:

&Midodrine Hydrochloride Tablets W&1S (USP34)

Add the following:

~

Morphine Sulfate Tablets, Extended-

Release T, LR~USP34

Add the following:

&Mycophenolate Mofetil Capsules W, LR&2S (USP33)

Add the following:

&Mycophenolate Mofetil Tablets W, LR&2S (USP33)

Add the following:

&Olanzapine and Fluoxetine Capsules T&1S (USP34)

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Orlistat Capsules T~USP34

Add the following:

~

Oxcarbazepine Tablets W~USP34

Delete the following:

~

Paramethasone Acetate Tablets W~USP34

Delete the following:

&Pentobarbital Sodium Capsules T&1S (USP34)

Add the following:

~

Pioglitazone Tablets T~USP34

Add the following:

&Ramipril Capsules W&2S (USP33)

Add the following:

~

Ribavirin Capsules W~USP34

Add the following:

&Riluzole Tablets W, LR&2S (USP33)

Add the following:

~

Rivastigmine Tartrate Capsules T~USP34

Add the following:

&Ropinirole Tablets W&1S (USP34)

Add the following:

~

Schizochytrium Oil Capsules T, LR~USP34

Add the following:

~

Sertraline Tablets W~USP34

Add the following:

&Sumatriptan Tablets W&2S (USP33)

Add the following:

~Tacrolimus Capsules T~USP34

Add the following:

~

Telmisartan and Hydrochlorothia-

zide Tablets W~USP34

Add the following:

~

Terazosin Capsules W, LR~USP34

Add the following:

~

Terazosin Tablets W, LR~USP34
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Terbinafine Tablets W, LR~USP34

Add the following:

~

Valacyclovir Tablets T~USP34

Add the following:

~

Venlafaxine Tablets W~USP34

Add the following:

&Vitamin A Tablets T&2S (USP34)

Add the following:

~

Zaleplon Capsules LR&2S (USP34)

Add the following:

&Zonisamide Capsules T&1S (USP34)

BRIEFING

Description and Relative Solubility of USP and NF Ar-
ticles, USP 33 Reissue page R-215, page R-1266 of the Second
Supplement to USP 33 Reissue, page 266 of PF 29(1) [Jan.–Feb.
2003], page 1046 of PF 34(4) [July–Aug. 2008], page 188 of PF
35(1) [Jan.–Feb. 2009], page 1343 of PF 35(5) [Sept.–Oct.
2009], page 271 of PF 36(1) [Jan.–Feb. 2010], page 578 of PF
36(2) [Mar.–Apr. 2010], page 786 of PF 36(3) [May–June 2010],
and page 1039 of PF 36(4) [July–Aug. 2010].

(HDQ) RTS—C54619; C81954; C83793; C84811;
C85474; C86380; C88857

Add the following:

&Anagrelide Hydrochloride: Off-white to pale pink-

ish powder. Sparingly soluble in dimethylsulfoxide

and dimethylformamide; very slightly soluble in

water.&2S (USP34)

Change to read:

Piperacillin: White to off-white, crystalline powder. Very
soluble in methanol; sparingly soluble in isopropyl alcohol;
slightly soluble in ethyl acetate;

&slightly soluble in isopropyl alcohol; very slightly soluble

in ethyl acetate&2S (USP34)

and in water.

Add the following:

&Polyglyceryl Dioleate: Viscous liquid. Soluble in

methylene chloride, in mineral oil, and in vegetable oils;

sparingly soluble in alcohol; insoluble in water. NF catego-

ry: Emulsifying and/or solubilizing agent.&2S (NF29)

Add the following:

&Racemethionine: Almost white, crystalline powder

or small flakes. Sparingly soluble in water; very slightly

soluble in alcohol. It dissolves in dilute acids and in dilute

solutions of the alkali hydroxides. It melts at about 2708.

NF category: Antioxidant; buffering agent; flavors and

perfumes.&2S (NF29)

Add the following:

&Hydroxypropyl Corn Starch: White or slightly yel-

lowish powder. Practically insoluble in cold water and

in alcohol. NF category: Tablet binder; tablet and/or

capsule diluent; tablet disintegrant; suspending and/or

viscosity-increasing agent.&2S (NF29)

Add the following:

&Hydroxypropyl Pea Starch: White or slightly yellow-

ish powder. Practically insoluble in cold water and in

alcohol. NF category: Tablet binder; tablet and/or capsule

diluent; tablet disintegrant; suspending and/or viscosity-

increasing agent.&2S (NF29)

Add the following:

&Hydroxypropyl Potato Starch: White or slightly yel-

lowish powder. Practically insoluble in cold water and in

alcohol. NF category: Tablet binder; tablet and/or capsule

diluent; tablet disintegrant; suspending and/or viscosity-

increasing agent.&2S (NF29)
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Pending and Canceled Proposals

Effective with this Pharmacopeial Forum (PF), USP will be transitioning its ‘‘Previous PF Proposals Still Pending’’ and its
‘‘Canceled Proposals’’ lists currently printed in PF to become part of the Revisions and Commentary section of the
USP Web site (http://www.usp.org/USPNF/revisions/). This combined list will be updated as the ballot closes for each
official USP–NF publication.

In order for an item to be adopted into the USP–NF and become official, it must first be proposed and published in the PF
to allow the public an opportunity to review and comment upon it. When an item is adopted, it is published in the USP–
NF, its Supplements, an IRA, or a Revision Bulletin. Those items that have not yet been adopted are known as Pending
Proposals.

Canceled Proposals are items that were published in PF and were pending, but have since been canceled. Note that
canceled proposals may be republished in PF to be considered for future adoption into the USP–NF.
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STAGE 4 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). Stage
4 drafts are available for comments. Below are descriptions of the developmental Stages as defined by the United States
Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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STAGE 6 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). This
section includes Stage 6 adopted text which is provided for information. USP cannot incorporate public comments at
Stage 6 without consulting PDG partners. Below are descriptions of the developmental Stages as defined by the United
States Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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System suitabilityNF MONOGRAPHS Sample:  Standard solution B
Suitability requirements

Relative standard deviation:  NMT 0.85% for 6 injections
Analysis
Samples:  Sample solution and Standard solution B
Calculate the percentage of ethylparaben in the Sample

BRIEFING solution:

Result = P × (RU × CS)/(RS × CU)
Ethylparaben.  The European Pharmacopoeia is the

P = labeled purity of USP Ethylparaben RS expressedcoordinating pharmacopeia for the international harmonization
as a percentageof the compendial standards for the Ethylparaben monograph,

RU = peak area of ethylparaben from the Sample solu-as part of the process of international harmonization of
tionmonographs and general analytical methods of the European,

CS = concentration of ethylparaben in Standard solu-Japanese, and United States pharmacopeias. The following
tion Bmonograph, which represents the ADOPTION STAGE 6

RS = peak area of ethylparaben from Standard solutiondocument, is based in part on comments from the Japanese
BPharmacopoeia and the United States Pharmacopeia in response

CU = concentration of Ethylparaben in the Sample solu-to the OFFICIAL INQUIRY STAGE 4 draft prepared by the
tionEuropean Pharmacopoeia. Differences between the ADOPTION

Acceptance criteria:  98.0%–102.0%■1S (NF29)STAGE 6 document and the current NF monograph include
replacing the TLC method in the procedure for Related  
Substances and the titration method in the Assay with one HPLC

IMPURITIESmethod for both procedures.
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%, determined on 1.0 g

(EXC: K. Moore.) RTS—C58792
Change to read:

Organic Impurities
.

• PROCEDURE: RELATED SUBSTANCESEthylparaben Sample solution:  10 mg/mL of Ethylparaben in acetone
Standard solution A:  50 µg/mL of Sample solution in
acetone

Standard solution B:  Dissolve 10 mg of USP Methylparaben
RS in 1 mL of the Sample solution, and dilute with acetone to
10 mL. 

Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)C9H10O3 166.17
Mode:  TLCBenzoic acid, 4-hydroxy-, ethyl ester;
Adsorbent:  0.25-mm layer of chromatographic octadecyl-Ethyl p-hydroxybenzoate [120-47-8].
silanized silica gel mixture

Application volume:  2 µLDEFINITION
Developing solvent system:  Methanol, glacial acetic acid,Ethylparaben contains NLT 98.0% and NMT 102.0% of C9H10O3.
and water (70:1:30)

IDENTIFICATION Analysis
• A. INFRARED ABSORPTION 〈197M〉 Samples:  Sample solution, Standard solution A, and Stan-
• B. MELTING RANGE OR TEMPERATURE 〈741〉:  115°–118° dard solution B

Examine the plate under short-wavelength UV light, and
ASSAY compare the intensities of any secondary spots observed in

the chromatogram of the Sample solution with that of the
principal spot in the chromatogram of Standard solution A.Change to read:

Acceptance criteria:  The intensity of any individual second-
ary spot in the chromatogram of the Sample solution is not

• PROCEDURE greater than that of the principal spot in the chromatogram
Sample:  1.000 g of Ethylparaben in a flask fitted with a of Standard solution A (0.5%). The test is not valid unless the
ground-glass stopper chromatogram of Standard solution B shows two clearly sepa-

Analysis:  Add 20.0 mL of 1 N sodium hydroxide VS, and heat rated principal spots.
at 70° for 1 h. Cool rapidly in an ice bath. Carry out the ■• PROCEDURE: RELATED SUBSTANCES
titration of the solutions at room temperature. Titrate the ex- Mobile phase:  Methanol and a 6.8 g/L solution of potassium
cess sodium hydroxide with 1 N sulfuric acid VS, continuing dihydrogen phosphate (65:35 v/v)
the titration until the second point of inflection (see Titrimetry Sample solution:  Dissolve 50.0 mg of Ethylparaben in 2.5
〈541〉). Perform a blank determination (see Titrimetry 〈541〉, mL of methanol, and dilute with Mobile phase to 50.0 mL.
Residual Titrations). Each mL of 1 N sodium hydroxide is equiv- Dilute 10.0 mL of this solution with Mobile phase to 100.0
alent to 166.2 mg of C9H10O3. mL.

Acceptance criteria:  98.0%–102.0% Standard solution A:  5.0 µg/mL each of p-hydroxybenzoic
■Mobile phase, Sample solution, Standard solution B, and acid, USP Methylparaben RS, and USP Ethylparaben RS in
Chromatographic system:  Proceed as described in the pro- Mobile phase
cedure for Related Substances. Standard solution B:  Dissolve 50.0 mg of USP Ethylparaben

RS in 2.5 mL of methanol, and dilute with Mobile phase to
50.0 mL. Dilute 10.0 mL of this solution with Mobile phase to
100.0 mL.
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Standard solution C:  Dilute 1.0 mL of the Sample solution BRIEFING
with Mobile phase to 20.0 mL. Dilute 1.0 mL of this solution
with Mobile phase to 10.0 mL.

Chromatographic system Methylparaben.  The European Pharmacopoeia is the coordi-
(See Chromatography 〈621〉, System Suitability.) nating pharmacopeia for the international harmonization of the
Mode:  LC compendial standards for the Methylparaben monograph, as
Detector:  UV 272 nm part of the process of international harmonization of
Column:  4.6-mm × 15-cm; 5-µm packing L1 monographs and general analytical methods of the European,
Flow rate:  1.3 mL/min Japanese, and United States pharmacopeias. The following mon-
[NOTE—The run time is about 4 times the retention time of ograph, which represents the ADOPTION STAGE 6 document,
ethylparaben.] is based in part on comments from the Japanese Pharmacopoeia

Injection size:  10 µL and the United States Pharmacopeia in response to the OFFI-
System suitability CIAL INQUIRY STAGE 4 draft prepared by the European

Sample:  Standard solution A Pharmacopoeia. Differences between the ADOPTION STAGE 6
[NOTE—The retention time of ethylparaben is about 3.0 document and the current NF monograph include replacing the
minutes; the relative retention times for p-hydroxybenzoic TLC method in the procedure for Related Substances and the
acid, ethylparaben, and methylparaben are about 0.5, 1.0, titration method in the Assay with one HPLC method for both
and 0.8, respectively.] procedures.

Suitability requirements
Resolution:  NLT 2.0 between the methylparaben and
ethylparaben peaks

(EXC: K. Moore.) RTS—C58792Analysis
Samples:  Sample solution and Standard solution C
[NOTE—To find the correction factor for the calculation of
content, multiply the peak area of p-hydroxybenzoic acid

.by 1.4.] Methylparaben[NOTE—Disregard any limit that is 0.2 times the area of the
principal peak in the chromatogram obtained with Stan-
dard solution C (0.1%).]

Acceptance criteria
p-Hydroxybenzoic acid:  The peak area in the Sample solu-
tion is NMT the area of the principal peak in Standard solu-  tion C (0.5%).

Unspecified impurities:  The peak area of each impurity in
C8H8O3 152.15the Sample solution is NMT the area of the principal peak
Benzoic acid, 4-hydroxy-, Methyl ester;in Standard solution C (0.5%).
Methyl p-hydroxybenzoate [99-76-3].Total impurities:  The total peak area for all impurities in

the Sample solution is NMT twice the area of the principal DEFINITIONpeak in Standard solution C (1.0%).■1S (NF29) Methylparaben contains NLT 98.0% and NMT 102.0% of C8H8O3.
SPECIFIC TESTS IDENTIFICATION• COLOR OF SOLUTION • A. INFRARED ABSORPTION 〈197M〉Sample solution:  100 mg/mL in alcohol • B. MELTING RANGE OR TEMPERATURE 〈741〉:  125°–128°Comparison solution:  Mix 2.4 mL of ferric chloride CS, 1.0

mL of cobaltous chloride CS, and 0.4 mL of cupric sulfate CS ASSAY
with 0.3 N hydrochloric acid to make 10 mL. Dilute 5 mL of
this solution with 0.3 N hydrochloric acid to make 100 mL.

Change to read:[NOTE—Prepare and use this solution immediately.]
Analysis
Samples:  Alcohol, Sample solution, and Comparison solution • PROCEDUREMake the comparison by viewing the solutions downward in Sample:  1.000 g of Methylparaben in a flask fitted with amatched color-comparison tubes against a white surface (see ground-glass stopperColor and Achromicity 〈631〉). Analysis:  Add 20.0 mL of 1 N sodium hydroxide VS, and heatAcceptance criteria:  The Sample solution is clear and not at 70° for 1 h. Cool rapidly in an ice bath. Carry out themore intensely colored than alcohol or the Comparison titration of the solutions at room temperature. Titrate the ex-solution. cess sodium hydroxide with 1 N sulfuric acid VS, continuing• ACIDITY the titration until the second point of inflection (see TitrimetrySample solution:  To 2 mL of Sample solution prepared in the 〈541〉). Perform a blank determination (see Titrimetry 〈541〉,test for Color of Solution, add 3 mL of alcohol, 5 mL of carbon Residual Titrations). Each mL of 1 N sodium hydroxide is equiv-dioxide-free water, and 0.1 mL of bromocresol green TS. alent to 166.2 mg of C8H8O3.Analysis:  Titrate with 0.10 N sodium hydroxide. Acceptance criteria:  98.0%–102.0%Acceptance criteria:  NMT 0.1 mL is required to produce a

■Mobile phase, Sample solution, Standard solution B, andblue color. Chromatographic system:  Proceed as described in the pro-
cedure for Related Substances.ADDITIONAL REQUIREMENTS

System suitability• PACKAGING AND STORAGE:  Preserve in well-closed containers.
Sample:  Standard solution B• USP REFERENCE STANDARDS 〈11〉
Suitability requirementsUSP Ethylparaben RS

Relative standard deviation:   NMT 0.85% for 6 injectionsUSP Methylparaben RS
Analysis
Samples:  Sample solution and Standard solution B
Calculate the percentage of Methylparaben in the Sample
solution:

Result = P × (RU × CS) / (RS × CU)
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P = labeled purity of USP Methylparaben RS ex- Injection size:  10 µL
pressed as a percentage System suitability

RU = peak area of methylparaben from the Sample so- Sample:  Standard solution A
lution [NOTE—The retention time of methylparaben is about 2.3

CS = concentration of methylparaben in Standard solu- minutes; the relative retention time for p-hydroxybenzoic
tion B acid is about 0.6.]

RS = the peak area of methylparaben from Standard Suitability requirements
solution B Resolution:  NLT 2.0 between the p-hydroxybenzoic acid

CU = concentration of Methylparaben in the Sample and methylparaben peaks
solution Analysis

Acceptance criteria:  98.0%–102.0%■1S (NF29) Samples:  Sample solution and Standard solution C
[NOTE—To find the correction factor for the calculation of

IMPURITIES content, multiply the peak area of p-hydroxybenzoic acid
Inorganic Impurities by 1.4.]
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%, determined on 1.0 g [NOTE—Disregard any limit that is 0.2 times the area of the

principal peak in the chromatogram obtained with Stan-
dard solution C (0.1%).]Change to read:

Acceptance criteria
p-Hydroxybenzoic acid:  The peak area in the Sample solu-
tion is NMT the area of the principal peak in Standard solu-Organic Impurities
tion C (0.5%).• PROCEDURE: RELATED SUBSTANCES

Unspecified impurities:  The peak area of each impurity inSample solution:  10 mg/mL of Methylparaben in acetone
the Sample solution is NMT the area of the principal peakStandard solution A:  50 µg/mL of Sample solution in
in Standard solution C (0.5%).acetone

Total impurities:  The total peak area for all impurities inStandard solution B:  Dissolve 10 mg of USP
the Sample solution is NMT twice the area of the principalMMethylparaben RS in 1 mL of the Sample solution, and di-
peak in Standard solution C (1.0%).■1S (NF29)lute with acetone to 10 mL.

Chromatographic system
SPECIFIC TESTS(See Chromatography 〈621〉, Thin-Layer Chromatography.)
• COLOR OF SOLUTIONMode:  TLC

Sample solution:  100 mg/mL in alcoholAdsorbent:  0.25-mm layer of chromatographic octadecyl-
Comparison solution:  Mix 2.4 mL of ferric chloride CS, 1.0silanized silica gel mixture
mL of cobaltous chloride CS, and 0.4 mL of cupric sulfate CSApplication volume:  2 µL
with 0.3 N hydrochloric acid to make 10 mL. Dilute 5 mL ofDeveloping solvent system:  Methanol, glacial acetic acid,
this solution with 0.3 N hydrochloric acid to make 100 mL.and water (70:1:30)
[NOTE—Prepare and use this solution immediately.]Analysis

AnalysisSamples:  Sample solution, Standard solution A, and Stan-
Samples:  Alcohol, Sample solution, and Comparison solutiondard solution B
Make the comparison by viewing the solutions downward inExamine the plate under short-wavelength UV light, and
matched color-comparison tubes against a white surface (seecompare the intensities of any secondary spots observed in
Color and Achromicity 〈631〉).the chromatogram of the Sample solution with that of the

Acceptance criteria:  The Sample solution is clear and notprincipal spot in the chromatogram of Standard solution A.
more intensely colored than alcohol or the ComparisonAcceptance criteria:  The intensity of any individual second-
solution.ary spot in the chromatogram of the Sample solution is not

• ACIDITYgreater than that of the principal spot in the chromatogram
Sample solution:  To 2 mL of the Sample solution prepared inof Standard solution A (0.5%). The test is not valid unless the
the test for Color of Solution, add 3 mL of alcohol, 5 mL ofchromatogram of Standard solution B shows two clearly sepa-
carbon dioxide-free water, and 0.1 mL of bromocresol greenrated principal spots.
TS.■• PROCEDURE: RELATED SUBSTANCES

Analysis:  Titrate with 0.10 N sodium hydroxide.Mobile phase:  Methanol and a 6.8 g/L solution of potassium
Acceptance criteria:  NMT 0.1 mL is required to produce adihydrogen phosphate (65:35 v/v)
blue color.Sample solution:  Dissolve 50.0 mg of Methylparaben in 2.5

mL of methanol, and dilute with Mobile phase to 50.0 mL. ADDITIONAL REQUIREMENTSDilute 10.0 mL of this solution with Mobile phase to 100.0 • PACKAGING AND STORAGE:  Preserve in well-closed containers.mL.
Standard solution A:  5.0 µg/mL each of p-hydroxybenzoic
acid and USP Methylparaben RS in Mobile phase Change to read:

Standard solution B:  Dissolve 50.0 mg of USP Methyl-
paraben RS in 2.5 mL of methanol, and dilute with Mobile

• USP REFERENCE STANDARDS 〈11〉phase to 50.0 mL. Dilute 10.0 mL of this solution with Mobile
USP Ethylparaben RSphase to 100.0 mL.
■

■1S (NF29)Standard solution C:  Dilute 1.0 mL of the Sample solution
USP Methylparaben RSwith Mobile phase to 20.0 mL. Dilute 1.0 mL of this solution

with Mobile phase to 10.0 mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

BRIEFINGMode:  LC
Detector:  UV, 272 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Propylparaben.  The European Pharmacopoeia is the coordinat-Flow rate:  1.3 mL/min
ing pharmacopeia for the international harmonization of the[NOTE—The run time is about 5 times the retention time of
compendial standards for the Propylparaben monograph, as partmethylparaben.]
of the process of international harmonization of monographs
and general analytical methods of the European, Japanese, and
United States pharmacopeias. The following monograph, which
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represents the ADOPTION STAGE 6 document, is based in part CU = concentration of Propylparaben in the Sample so-
on comments from the Japanese Pharmacopoeia and the United lution
States Pharmacopeia in response to the OFFICIAL INQUIRY Acceptance criteria:  98.0%–102.0%■1S (NF29)

STAGE 4 draft prepared by the European Pharmacopoeia. Differ-
IMPURITIESences between the ADOPTION STAGE 6 document and the cur-
Inorganic Impuritiesrent NF monograph include replacing the TLC method in the
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%, determined on 1.0 gprocedure for Related Substances and the titration method in the

Assay with one HPLC method for both procedures.
Change to read:

(EXC: K. Moore.) RTS—C58792
Organic Impurities
• PROCEDURE: RELATED SUBSTANCES

Sample solution:  10 mg/mL of Propylparaben in acetone
Standard solution A:  50 µg/mL of Sample solution in

.

acetonePropylparaben Standard solution B:  Dissolve 10 mg of USP
MPropylparaben RS in 1 mL of the Sample solution, and di-
lute with acetone to 10 mL.

Chromatographic system
(See Chromatography 〈621〉, Thin-Layer Chromatography.)
Mode:  TLC 
Adsorbent:  0.25-mm layer of chromatographic octadecyl-
silanized silica gel mixtureC10H12O3 180.20

Application volume:  2 µLBenzoic acid, 4-hydroxy-, propyl ester;
Developing solvent system:  Methanol, glacial acetic acid,Propyl p-hydroxybenzoate [94-13-3].
and water (70:1:30)

AnalysisDEFINITION
Samples:  Sample solution, Standard solution A, and Stan-Propylparaben contains NLT 98.0% and NMT 102.0% of
dard solution BC10H12O3.

Examine the plate under short-wavelength UV light, and
IDENTIFICATION compare the intensities of any secondary spots observed in
• A. INFRARED ABSORPTION 〈197M〉 the chromatogram of the Sample solution with that of the
• B. MELTING RANGE OR TEMPERATURE 〈741〉:  96°–99° principal spot in the chromatogram of Standard solution A.

Acceptance criteria:  The intensity of any individual second-
ASSAY ary spot in the chromatogram of the Sample solution is not

greater than that of the principal spot in the chromatogram
of Standard solution A (0.5%). The test is not valid unless theChange to read:
chromatogram of Standard solution B shows two clearly sepa-
rated principal spots.

• PROCEDURE ■• PROCEDURE: RELATED SUBSTANCES
Sample:  1.000 g of Propylparaben in a flask fitted with a Mobile phase:  Methanol and a 6.8 g/L solution of potassium
ground-glass stopper dihydrogen phosphate (65:35 v/v)

Analysis:  Add 20.0 mL of 1 N sodium hydroxide VS, and heat Sample solution:  Dissolve 50.0 mg of Propylparaben in 2.5
at 70° for 1 h. Cool rapidly in an ice bath. Carry out the mL of methanol, and dilute with Mobile phase to 50.0 mL.
titration of the solutions at room temperature. Titrate the ex- Dilute 10.0 mL of this solution with Mobile phase to 100.0
cess sodium hydroxide with 1 N sulfuric acid VS, continuing mL.
the titration until the second point of inflection (see Titrimetry Standard solution A:  5.0 µg/mL each of p-hydroxybenzoic
〈541〉). Perform a blank determination (see Titrimetry 〈541〉, acid, USP Ethylparaben RS, and USP Propylparaben RS in Mo-
Residual Titrations). Each mL of 1 N sodium hydroxide is equiv- bile phase
alent to 166.2 mg of C10H12O3 Standard solution B:  Dissolve 50.0 mg of USP

Acceptance criteria:  98.0%–102.0% Propylparaben RS in 2.5 mL of methanol, and dilute with
■Mobile phase, Sample solution, Standard solution B, and Mobile phase to 50.0 mL. Dilute 10.0 mL of this solution with
Chromatographic system:  Proceed as described in the pro- Mobile phase to 100.0 mL.
cedure for Related Substances. Standard solution C:  Dilute 1.0 mL of the Sample solution

System suitability with Mobile phase to 20.0 mL. Dilute 1.0 mL of this solution
Sample:  Standard solution B with Mobile phase to 10.0 mL.
Suitability requirements Chromatographic system

Relative standard deviation:  NMT 0.85% for 6 injections (See Chromatography 〈621〉, System Suitability.)
Analysis Mode:  LC
Samples:  Sample solution and Standard solution B Detector:  UV 272 nm
Calculate the percentage of Propylparaben in the Sample Column:  4.6-mm × 15-cm; 5-µm packing L1
solution: Flow rate:  1.3 mL/min

[NOTE—The run time is about 2.5 times the retention time
Result = P × (RU × CS)/(RS × CU) of propylparaben.]

Injection size:  10 µL
P = labeled purity of USP Propylparaben RS expressed System suitability

as a percentage Sample:  Standard solution A
RU = peak area of propylparaben from the Sample so- [NOTE—The retention time of propylparaben is about 4.5

lution minutes; the relative retention times for p-hydroxybenzoic
CS = concentration of propylparaben in Standard solu- acid and ethylparaben are about 0.3 and 0.7, respectively.]

tion B Suitability requirements
RS = peak area of propylparaben from Standard solu- Resolution:  NLT 3.0 between the ethylparaben and

tion B propylparaben peaks
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Analysis Acceptance criteria:  The Sample solution is clear and not
Samples:  Sample solution and Standard solution C more intensely colored than alcohol or the Comparison
[NOTE—To find the correction factor for the calculation of solution.
content, multiply the peak area of p-hydroxybenzoic acid • ACIDITY
by 1.4.] Sample solution:  To 2 mL of Sample solution prepared in the

[NOTE—Disregard any limit that is 0.2 times the area of the test for Color of Solution, add 3 mL of alcohol, 5 mL of carbon
principal peak in the chromatogram obtained with Stan- dioxide-free water, and 0.1 mL of bromocresol green TS.
dard solution C (0.1%).] Analysis:  Titrate with 0.10 N sodium hydroxide.

Acceptance criteria Acceptance criteria:  NMT 0.1 mL is required to produce a
p-Hydroxybenzoic acid:  The peak area in the Sample solu- blue color.
tion is NMT the area of the principal peak in Standard solu-

ADDITIONAL REQUIREMENTStion C (0.5%).
• PACKAGING AND STORAGE:  Preserve in well-closed containers.Unspecified impurities:  The peak area of each impurity in
• USP REFERENCE STANDARDS 〈11〉the Sample solution is NMT the area of the principal peak

USP Propylparaben RSin Standard solution C (0.5%).
USP Ethylparaben RSTotal impurities:  The total peak area for all impurities in

the Sample solution is NMT twice the area of the principal
peak in Standard solution C (1.0%).■1S (NF29)

SPECIFIC TESTS
• COLOR OF SOLUTION

Sample solution:  100 mg/mL in alcohol
Comparison solution:  Mix 2.4 mL of ferric chloride CS, 1.0
mL of cobaltous chloride CS, and 0.4 mL of cupric sulfate CS
with 0.3 N hydrochloric acid to make 10 mL. Dilute 5 mL of
this solution with 0.3 N hydrochloric acid to make 100 mL.
[NOTE—Prepare and use this solution immediately.]

Analysis
Samples:  Alcohol, Sample solution, and Comparison solution
Make the comparison by viewing the solutions downward in
matched color-comparison tubes against a white surface (see
Color and Achromicity 〈631〉).
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GENERAL CHAPTERS

General Tests and Assays

Physical Tests and
Determinations

BRIEFING

h616i Bulk Density and Tapped Density of Powders.
The European Pharmacopoeia is the coordinating pharmaco-
peia for the international harmonization of the compendial
standards for the Bulk and Tapped Density general chapter, as
part of the process of international harmonization of mono-
graphs and general analytical methods of the European, Japa-
nese, and United States pharmacopeias. The following section
from the general chapter, which represents the ADOPTION
STAGE 6 document, is based on comments from the United
States Pharmacopeia and the Japanese Pharmacopoeia. The ad-
dition of a sentence on test conditions for Apparatus three has
been accepted. The test conditions including the tapping

height are specified in the expression of the results. Also, the
note proposed at the end of last paragraph for compressibility
index has been changed from USP local text to global text.

(EGC: K. Moore.) RTS—C55768

Change to read:

TAPPED DENSITY

The tapped density is an increased bulk density attained after
mechanically tapping a container containing the powder sam-
ple. Tapped density is obtained by mechanically tapping a
graduated measuring cylinder or vessel containing a powder
sample. After observing the initial powder volume or weight,
the measuring cylinder or vessel is mechanically tapped, and
volume or weight readings are taken until little further volume
or weight change is observed. The mechanical tapping is
achieved by raising the cylinder or vessel and allowing it to drop
under its own weight a specified distance by either of three
methods as described below. Devices that rotate the cylinder
or vessel during tapping may be preferred to minimize any pos-
sible separation of the mass during tapping down.

Method I

Apparatus—The apparatus (Figure 3) consists of the follow-
ing:
� A 250-mL graduated cylinder (readable to 2 mL with a

mass of 220+44 g)
� A settling apparatus capable of producing, in 1 minute, ei-

ther nominally 250+ 15 taps from a height of 3+ 0.2
mm, or nominally 300+15 taps from a height of 14+2
mm. The support for the graduated cylinder, with its hold-
er, has a mass of 450+10 g.
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Figure 3.

Procedure—Proceed as described above for the determina-
tion of the bulk volume (V0). Secure the cylinder in the holder.
Carry out 10, 500, and 1250 taps on the same powder sample
and read the corresponding volumes V10, V500, and V1250 to the
nearest graduated unit. If the difference between V500 and V1250

is less than 2 mL, V1250 is the tapped volume. If the difference
between V500 and V1250 exceeds 2 mL, repeat in increments such
as 1250 taps, until the difference between succeeding measure-
ments is less than 2 mL. Fewer taps may be appropriate for
some powders, when validated. Calculate the tapped density
(g/mL) using the formula m/VF in which VF is the final tapped
volume. Generally, replicate determinations are desirable for
the determination of this property. Specify the drop height with
the results. If it is not possible to use a 100-g test sample, use a
reduced amount and a suitable 100-mL graduated cylinder
(readable to 1 mL) weighing 130+ 16 g and mounted on a
holder weighing 240+ 12 g. The modified test conditions
are specified in the expression of the results.

Method II

Apparatus and Procedure—Proceed as directed under
Method I except that the mechanical tester provides a fixed
drop of 3+0.2 mm at a nominal rate of 250 taps per minute.

Method III

Apparatus and Procedure—Proceed as directed in Method
III—Measurement in a Vessel for measuring bulk density using
the measuring vessel equipped with the cap shown in Figure
2. The measuring vessel with the cap is lifted 50–60 times per
minute by the use of a suitable tapped density tester. Carry out
200 taps, remove the cap, and carefully scrape excess powder

from the top of the measuring vessel as described in Method
III—Measurement in a Vessel for measuring the bulk density. Re-
peat the procedure using 400 taps. If the difference between
the two masses obtained after 200 and 400 taps exceeds 2%,
carry out a test using 200 additional taps until the difference
between succeeding measurements is less than 2%. Calculate
the tapped density (g/mL) using the formula MF /100 where
MF is the mass of powder in the measuring vessel. Record the
average of three determinations using three different powder
samples.

&The test conditions including tapping height are speci-

fied in the expression of the results.&1S (USP34)

Change to read:

MEASURES OF POWDER COMPRESSIBILITY

Because the interparticulate interactions influencing the bulk-
ing properties of a powder are also the interactions that inter-
fere with powder flow, a comparison of the bulk and tapped
densities can give a measure of the relative importance of these
interactions in a given powder. Such a comparison is often used
as an index of the ability of the powder to flow, for example the
Compressibility Index or the Hausner Ratio as described below.

The Compressibility Index and Hausner Ratio are measures of
the propensity of a powder to be compressed as described
above. As such, they are measures of the powder’s ability to set-
tle, and they permit an assessment of the relative importance of
interparticulate interactions. In a free-flowing powder, such in-
teractions are less significant, and the bulk and tapped densities
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will be closer in value. For poorer flowing materials, there are
frequently greater interparticle interactions, and a greater dif-
ference between the bulk and tapped densities will be ob-
served. These differences are reflected in the Compressibility
Index and the Hausner Ratio.

Compressibility Index—Calculate by the formula:

100(V0 – VF)/V0

V0 = unsettled apparent volume
VF = final tapped volume

Hausner Ratio—

V0 / VF

Depending on the material, the compressibility index can be
determined using V10 instead of V0.

^

&

&1S (USP34)

[NOTE—If V10 is used, it will be clearly stated in the results.]^

&

&1S (USP34)
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an
Expert Committee publishes an article on which they are specifically seeking comment, this will be clearly stated in the
article. Readers may submit comments on issues raised in this section, but comment is not as critical as that for the In-
Process Revision section. Readers interested in submitting comments should see Instructions to Authors.
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other
commentaries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Phar-
macopeial Forum under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understand-
ing that they have not been published previously in any language or medium and that they are not simultaneously
under consideration by any other publication.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and
if accepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of
the USP Convention (USPC) and may not be subsequently published elsewhere without written permission from the
USPC. Authors are also responsible for obtaining permission for reprinting any illustrations that have been published
elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the
article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage
(numbers, abbreviations, etc.). For the latter, authors should use the current AMA Manual of Style or the current
ACS Style Guide. Authors may usefully consult a current copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of
Medicine’s Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer
examples of reference formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for
publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding
author. This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the
Scientific Liaison if they would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the
electronic file. Submit the text in Microsoft1 Word or another current word-processing application. The preferred
format for graphics submitted electronically is tagged image file format (TIFF). Photocopies are not acceptable.
Manuscripts submitted for publication should be addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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Determination of Organic Carbon Contamination
in Packaged Pharmaceutical Water—Contributions by the Container

Yuriy O. Slabicky, Antonio Hernandez-Cardosoa

ABSTRACT The Total Organic Carbon (TOC) concentrations in commercially available packages of Sterile Purified
Water, Sterile Water for Injection, Sterile Water for Inhalation, and Sterile Water for Irrigation were surveyed to assist the
USP Pharmaceutical Waters Expert Committee with the replacement of the Oxidizable Substances monograph test
with a TOC test. The TOC was determined for waters in different glass and plastic containers. The average TOC
concentration for the different pharmaceutical waters ranged from 329 mg of carbon per L to 5218 mg of carbon
per L. The organic carbon contribution to the TOC was primarily from the packaging materials. The organic carbon
contribution per container surface area was highest for packages made of flexible polyvinyl chloride (9.6 mg of carbon
per cm2) and lowest for glass vials with elastomeric stoppers (0.27 mg of carbon per cm2).

INTRODUCTION

Pharmaceutical waters are the main liquid compo-
nents of medicines, including injectable, oral, ophthal-
mic, and inhalation dosage forms. The types of
pharmacopeial water tested in this survey are Sterile Pur-
ified Water USP, Sterile Water for Injection USP, Sterile Water
for Irrigation USP, and Sterile Water for Inhalation USP.

These waters are packaged in containers made of vary-
ing materials, including glass, rubber, and different plas-
tics. They use different closure mechanisms, including
rubber stoppers, screw caps, and plastic adhesives. The
organic compounds that comprise the packaging com-
ponents are sources of organic contamination in the
pharmaceutical water.

The organic contamination is caused by the presence
of complex organic chemicals such as phthalates, injec-
tion-molding release agents, glues, and others. Phthal-
ates are toxic plasticizers that are used to increase
flexibility in plastic containers. Therefore, the more flex-
ible the container, the more phthalates it contains and
the higher the potential for the container to leach con-
taminants.

The United States Pharmacopeial Convention (USP) in
conjunction with the Pharmaceutical Research and Man-
ufacturers of America (PhRMA) Water Quality Committee
(WQC) have published numerous Stimuli articles and re-
visions to the quality standards of various pharmaceutical
waters since 1990 (1). The Total Organic Carbon (TOC)
test for bulk pharmaceutical water, Purified Water USP,
and Water for Injection USP was proposed in 1993 (2).

USP and PhRMA WQC have successfully revised test
methods from wet chemistry–based, qualitative tests to
instrumented, quantitative tests for inorganic and organ-
ic impurities. The monograph quality tests for bulk phar-
maceutical waters, Purified Water USP, and Water for
Injection USP have been revised with new tests for inor-
ganic contaminants with the USP Water Conductivity

h645i chapter and for organic carbon contaminants with
the USP Total Organic Carbon h643i chapter (3). The Oxi-
dizable Substances test (a wet chemistry test to assess or-
gan i c contaminant l e ve l s ) fo r the packaged
pharmaceutical water monographs has not been revised.
The Oxidizable Substances test is relatively insensitive to
contaminants that leach from the packaging container
into the water, but the replacement TOC test can detect
these organic contaminants.

The organic carbon content of the packaged pharma-
ceutical waters is currently controlled with an oxidizable
substances test and by control of the packaging materi-
als. Nevertheless, current relatively high organic levels
have become the norm for some packaged waters be-
cause the packaging materials are not tested for low con-
centrations or specific organic carbon, and the packaged
water continued to pass the Oxidizable Substances test.
Few publicly available data show the exact levels of con-
tamination that could be present for the various com-
mercial packaging presentations. Only limited studies
support the hypothesis that TOC levels in some packages
would fail the bulk pharmaceutical water specifications
(4).

The USP Pharmaceutical Waters Expert Committee
(PW EC) is updating the packaged water monographs
to replace all inorganic ion tests with a conductivity test
(5) and acceptance criteria based on levels first proposed
by the European Pharmacopoeia. USP would also like to
replace the oxidizable substances test with a TOC test,
but few data are available to assist in this standards-
setting process for establishing a scientifically based spe-
cification.

TOC STUDY

This study was performed to determine the level of
TOC in commercially available preparations of packaged
pharmaceutical waters to provide a basis for proposing a
TOC test for these articles.

The materials, instrumentation, and solutions used for
this study are listed in Table 1. In addition to the pharma-
ceutical packaged waters, samples of other nonpharma-

a Correspondence should be addressed to: Antonio Hernandez-
Cardoso, Scientific Liaison, US Pharmacopeial Convention, 12601 Twin-
brook Parkway, Rockville, MD 20852-1790; tel. 301.816.8308; e-mail
ahc@usp.org.
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ceutical laboratory and drinking waters were tested to
provide a basis for comparison. These included bulk Pu-
rified Water USP, packaged distilled water, municipal
drinking water, bottled drinking water, and filtered drink-
ing cooler water. Data for the nonpharmaceutical waters
are provided but are not used for further analysis.

The TOC study was performed in a pharmaceutical
industry–based quality control laboratory using a com-
monly available TOC analyzer. The experimental design,
the determinations and the data analysis were supervised
by PW EC members. Before the study, the following were
performed to establish experimental controls:
— TOC analyzer was calibrated according to the man-

ufacturer’s procedures using solutions with multiple
concentrations.

— System Suitability testing was performed according
to h643i.

— Low-TOC, Purified Water USP samples were prepared
to simulate sample-handling techniques, and the
sample containers were analyzed to demonstrate
that no contamination occurred because of sample
manipulation.

— The original water packages were vigorously shaken
for one minute in order to dislodge organic carbon
from the interior wall before the transfer of water
into the sample aliquots.

The sample aliquots were prepared in 40-mL low-TOC
glass containers with Teflon septa. The sample aliquots
were kept closed until they were filled and were immedi-
ately reclosed to minimize ambient contamination. The
aliquots were completely filled to minimize headspace.
The sample containers were vigorously shaken for one
minute in order to dislodge organic carbon from the in-
terior wall.

The aliquot samples from each type of water and vol-
ume are listed in Table 2.

Table 1. Study Materials, Instrumentation, and Solutions

Pharmaceutical Waters Sterile Purified Water USP; 250 mL

Sterile Water for Injection USP; 10 mL, 20 mL, and 100 mL

Sterile Water for Irrigation USP; 250 mL and 2 L

Sterile Water for Inhalation USP; 500 mL

Sterile Purified Water USP; 250 mL

Nonpharmaceutical Waters Distilled water; 3.785 L

Filtered drinking water (water cooler)

Bottled drinking water

Municipal drinking water (Danbury, CT; Hartford, CT; Orange, CT)

Pharmacy compounding water

Instrumentation TOC analyzer: GE Sievers 900 with acid/oxidizer reagents and autosam-
pler

Low-TOC sample containers

Standard Solutions Low-TOC Purified Water USP

Sucrose RSa (0.50 mg of carbon per L)

1,4-Benzoquinone RS (0.50 mg of carbon per L)

Potassium hydrogen phthalate (1.50 mg of carbon per L)
a RS = Reference Standard

Table 2. Water Aliquot Preparation Instructions

Water Acronym Package Volume
Packaged Container

Subdivision

Sterile Purified Water USP SPW500 500 mL 1 package subdivided into 10
aliquots

Sterile Water for Injection USP SWFI10 10 mL 4 packages combined into 1 ali-
quot, 10 times, for a total of 10
aliquots

Sterile Water for Injection USP SWFI20 20 mL 2 packages combined into 1 ali-
quot, 10 times, for a total of 10
aliquots

Sterile Water for Injection USP SWFI100 100 mL 2 aliquots taken from each of 5
packages, for a total of 10 ali-
quots

Sterile Water for Irrigation USP SWFIrr250 250 mL 2 aliquots taken from each of 5
packages, for a total of 10 ali-
quots
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Table 2. Water Aliquot Preparation Instructions (Continued)

Water Acronym Package Volume
Packaged Container

Subdivision

Sterile Water for Irrigation USP SWFIrr2000 2000 mL 3 aliquots taken from each of 3
packages, for a total of 9 ali-
quots

Sterile Water for Inhalation USP SWFInh5 5 mL 8 packages combined into 1 ali-
quot, 10 times, for a total of 10
aliquots

Sterile Water for Inhalation USP SWFInh500 500 mL 2 aliquots taken from each of 5
packages, for a total of 10 ali-
quots

Bottled Distilled Water 3.78 L 2 aliquots taken from each of 2
packages, for a total of 4 ali-
quots

Danbury, CT, Drinking Water 100 mL 2 aliquots

Orange, CT, Drinking Water 100 mL 2 aliquots

Hartford, CT, Drinking Water 100 mL 2 aliquots

Bottled Drinking Water 100 mL 2 aliquots

Pharmacy Compounding Water 100 mL 2 aliquots

Water Cooler (Drinking Water) 100 mL 2 aliquots

The analysis was performed with the aid of an auto-
sampler. The aliquots were loaded in the following man-
ner to further observe if there was any analysis bias: The
sample aliquots for each type of water in Table 2 were di-
vided into two separate groups. One group of aliquots
was tested initially using an autosampler. The second
group was tested after the analysis of the first group of
aliquots for each water type was completed. This was
to observe if the time lag between the two analyses
had any effect on the results.

The TOC analysis was performed with eight replicate
samplings of each aliquot.

At the completion of the study, the System Suitability
test and low-TOC Purified Water analysis were repeated
to confirm that the system continued to operate cor-
rectly. Additionally, potassium hydrogen phthalate
(1.50 mg of carbon per L) (KHP) was analyzed to deter-
mine the TOC analyzer operation at higher TOC levels.

RESULTS AND ANALYSIS

Outliers—The TOC data from each analysis for each ali-
quot were reviewed for outliers. The Grubbs outlier test
was applied, and the data were within a 95% confidence
interval. All data were included in the analysis.

Standard Deviation—For each water group, standard
deviation and relative standard deviation values were cal-
culated. These results were high because of the relatively
low sample population tested.

Standard and System Suitability Solutions—Before
use, the instrument was calibrated using multiple TOC
concentrations. Before the study, the following items
were analyzed: a low-TOC Purified Water blank, a stan-
dard solution of 500 mg of carbon per L Sucrose RS,
and 500 mg of carbon per L Benzoquinone RS Standard
Suitability solution to standardize the TOC Analyzer and
confirm the suitability of the analysis. The standard solu-
tions from the same lots, with the additional solution of
1.50 mg of C per L KHP, were analyzed at the conclusion
of the study to reconfirm the analyzer’s operation. The
instrument response factors before and after the analysis
for all the solutions were within the operating specifica-
tions of the instrument, which is� 10% according to the
manufacturer. The results are presented in Table 3.

Water Data—The data for each aliquot of water and
package type were individually analyzed to determine
the minimum, maximum, average, standard deviation,
and relative standard deviation. The two analysis lag time
sample groups were compared, and there was no signif-
icant difference between the groups. The data from each
aliquot were aggregated to determine the overall group
minimum, maximum, average, standard deviation, and
relative standard deviation. The grouped data are pre-
sented in Tables 4 and 5.

Container Characteristics—The internal surface areas of
the water containers were calculated from the exterior di-
mensions and corrected for the wall thickness of the ma-
te r i a l . Th i s was done to de te rm ine the TOC
concentration of the sample relative to the surface with
which the water came into contact, as well as the
amount of total carbon leached from the surface area.
The packaging container materials and the closure sys-
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tem for each packaged water are identified because
these are major sources of organic carbon in the water.
The container characteristics are presented in Table 6.

The TOC concentration for each type of packaged
water correlated with the surface area of the container,
as shown in Table 7. The TOC contribution of the bulk
pharmaceutical water was not used to adjust the calcu-
lated value because it was negligible (< 50 mg of carbon
per L) in all cases except Sterile Purified Water 500 mL and
Sterile Water for Injection 100 mL.

The organic carbon contribution to the TOC concen-
tration by unit area of the packaging material for each
packaged water is shown in Table 8.

CONCLUSION

This study indicates that when pharmaceutical water is
placed into a container, the container leaches organic
carbon into the water. Purified Water was tested at levels
of 17.7 mg of carbon per L, and pharmaceutical water
treatment systems generally operate with TOC levels be-
low 50 mg of carbon per L. The least contaminated sam-
ple of pharmaceutical water, Sterile Purified Water 500 mL
(SPW500), had a TOC contamination of 329 mg of car-
bon per L. The most contaminated sample of pharma-
ceutical water, Sterile Water for Irrigation 2000 mL
(SPWIrr2000), had a TOC contamination of 5218 mg of
carbon per L. This indicates a high level of TOC was
leached from the packaging container. In comparison,
the TOC concentrations of municipal drinking waters
were approximately 1750 mg of carbon per L, and those
of bottled drinking water were 340 mg of carbon per L.

Container Size—The TOC concentrations were related
to the packaging materials and volume-to-surface ratio.
TOC concentrations were highest in Sterile Water for Irri-
gation packaged in 2000-mL flexible PVC bags (average
5218 mg of carbon per L), Sterile Water for Inhalation
packaged in 5-mL polypropylene vials (average 3030
mg of carbon per L), and Sterile Water for Injection pack-
aged in 10-mL ethylene propylene co-polymer vials
(average 2599 mg of carbon per L). TOC concentrations
were lowest in Sterile Purified Water packaged in 500-mL
polyethylene terephthalate bottles (average 329 mg of
carbon per L) and Sterile Water for Injection packaged in
100-mL glass with elastomeric stoppers (average 386 mg
of carbon per L).

The waters that were packaged in a container with a
higher surface-area-to-volume ratio generally had higher
TOC contamination levels. The TOC concentration per
square centimeter of package surface area (Table 7) was
highest for Sterile Water for Inhalation 5 mL (average
116.54 mg of carbon per L/cm2). This suggests that the

TOC concentration for small-volume containers will be
higher because there is a smaller dilution factor with less
water.

Container Material—The material of construction influ-
ences the TOC concentration in packaged pharmaceuti-
cal waters. The organic carbon contribution per square
centimeter of package surface area (Table 8) was higher
for the package made of flexible polyvinyl chloride
(SWFIrr 2000 mL) at 9.6 mg of carbon per cm2 and lowest
for glass vials with elastomeric stoppers (SWFI 100 mL) at
0.27 mg of carbon per cm2.

The results obtained are attributed mostly to the pack-
aging containers themselves and the purification/sterili-
zation processes and not the bulk pharmaceutical
water. The main sources of contamination are the pro-
duction of the containers and the sterilization of the
water, which appears to enhance the extraction of leach-
ables from the packaging into the water.

The packages were made from glass or plastic. They
were all tested before use in accordance with the initial
suitability qualification for the packaging materials ac-
cording to USP Containers—Glass h660i, USP Con-
tainers—Plastics h661i, USP Biological Reactivity Tests—In
Vitro h87i, and USP Biological Reactivity Tests—In Vivo
h88i. These tests do not detect organic chemicals such
as phthalates, which are plasticizers used in making the
containers flexible, particularly polyvinylchloride plastics,
or ketones, which are solvents used in the fabrication of
the containers.

Some waters had screw-on caps that were more
permeable than other closure methods, but others had
rubber stoppers that kept tight seals on their contents
and excluded external contaminants but also added their
own contaminants. One example is Sterile Water for Injec-
tion 100 mL. It is made of glass, so it had very few
leachants. The stopper of the container, however, was
made of gray butyl rubber, which leached its coloring
into the sample and was the sole provider of organic con-
taminants in the sample.
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Updating Sterile Packaged Water Attributes: Conductivity and
Total Organic Carbon

Anthony C. Bevilacqua, Lucia Clontz, Max S. Lazar, Bruno Rossi, Rostyslaw Slabicky, Teri C. Soli, Antonio Hernandez-Cardosoa

ABSTRACT The Pharmaceutical Waters Expert Committee in the Council of Experts continues to update monographs
for pharmaceutical waters. The next phase is to replace the Oxidizable Substances test for existing sterile water
monographs with General Chapter Total Organic Carbon (TOC) h643i for packaged water. This initiative is aligned
with harmonization discussions regarding the monograph for Sterile Water for Injection. A proposed TOC test for
Sterile Water for Injection is based on the container size: not more than 1.00 mg of carbon per L for containers that
have a fill volume greater than 10 mL and not more than 1.50 mg of carbon per L for containers that have a fill volume
of 10 mL or less. The TOC test would be phased in by providing it as an alternative to Oxidizable Substances. The
Oxidizable Substances test would be deleted approximately two years after the TOC test is official. Also proposed
are Water Conductivity levels of 15 mS/cm for containers with a nominal volume of less than 10 mL and 5 mS/cm
for containers with a nominal volume greater than 10 mL.

INTRODUCTION

The United States Pharmacopeial Convention’s (USP)
Pharmaceutical Waters Expert Committee and its prede-
cessor USP subcommittee and the Pharmaceutical Re-
search and Manufacturers of America (then the
Pharmaceutical Manufacturers Association) Water Qual-
ity Committee have advanced the quality attributes for
Pharmaceutical Waters since 1989. These advances en-
gaged all stakeholders through a series of USP PF Stimuli
articles starting in 1990 (1). This initiative has resulted in
the adoption of Water Conductivity h645i and Total Or-
ganic Carbon (TOC) h643i as the attributes for inorganic
and organic chemicals in bulk pharmaceutical waters.

Revisions in water testing generally have been limited
to bulk waters, and until 2007 the impurities attributes
for packaged sterile waters received only minor revisions
(2). At that time, the tests for inorganic chemical attri-
butes (pH, chloride, sulfate, calcium, ammonia, and car-
bon dioxide) were deleted for Sterile Purified Water, Sterile
Water for Inhalation, and Sterile Water for Irrigation. These
tests were replaced by a single conductivity test (3) for
Sterile Water for Injection that became effective in USP
32–NF 27, Supplement 2.

The impurity test for organic carbon compounds in
packaged sterile water is currently the Oxidizable Sub-
stances test. The method for this test has important lim-
itations (4). It is subjective, semiquantitative, and
selectively sensitive to organic compounds. This was part
of the rationale for migration to h643i.

PACKAGED STERILE PHARMACEUTICAL WATERS

Purified Water and Water for Injection are monographs
that describe articles that have been suitably packaged
and sterilized. The bulk water meets the requirements
for h643i because the carbon concentration from organ-
ic carbon is nominally less than 0.50 mg/L (500 mg/L as
carbon) before sterilization and packaging. In contrast,
published data about the organic carbon concentrations
in packaged water have indicated that the organic car-
bon concentration in packaged sterile pharmaceutical
water increased after packaging and sterilization, and
TOC levels exceeded 5000 mg/L (5).

The Pharmaceutical Waters Expert Committee re-
quested additional data about the level of organic car-
bon impurities in sterile packaged waters, but no data
were provided. In 2008 the Pharmaceutical Waters Ex-
pert Committee and USP staff initiated a survey of com-
mercially available sterile packaged waters in order to
evaluate the level of organic carbon. The results of this
survey are published in a companion Stimuli article (6).
The TOC concentration for Sterile Water for Injection
packaged in glass with a gray butyl rubber stopper was
386 mg/L. The TOC concentrations for sterile water pack-
aged in various plastic container systems varied from 905
mg/L to 5218 mg/L.

Concurrently the Japanese Pharmacopoeia conducted a
study of conductivity and TOC levels in pharmaceutical
waters (7). The study evaluated Water for Injection, JP
(sterilized) in different container systems. The conductiv-
ity for packaged sterile water was in the range of 1.9 mS/
cm to 9.43 mS/cm for containers with a nominal volume
of 10 mL or less, and 0.5 mS/cm to 3.67 mS/cm for con-
tainers with a nominal volume greater than 10 mL. The
average TOC concentrations from a collaborative com-
ponent of the study ranged from 139 ppb (mg/L) to
2830 ppb (mg/L).a Correspondence should be addressed to: Antonio Hernandez-

Cardoso, Scientific Liaison, US Pharmacopeial Convention, 12601 Twin-
brook Parkway, Rockville, MD 20852-1790; tel. 301.816.8308; e-mail
ahc@usp.org.
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The three water surveys indicate that the organic car-
bon impurities are attributable to the packaging con-
tainer system (5–7). This is further supported by the
partial characterization of plasticizers such as phthalates
and of solvents such as ketones and methylene chloride
that contributed to the TOC level (5).

For almost four decades the pharmaceutical and med-
ical device communities have been concerned about the
presence of organic compounds in packaged sterile
waters, other preparations, and devices (8). Exposure
to a specific extractable, di(2-ethylhexyl)phthalate, has
been the subject of FDA (9) and EPA (10) advisories
and regulations.

The In-Process Revision to change the test for organic
carbon impurities from Oxidizable Substances to TOC for
Sterile Purified Water provides a method that is aligned
with the attributes for Purified Water and Water for Injec-
tion. The proposed acceptance criteria are:

For containers having a fill volume greater than 10
mL, the Total Organic Carbon is not more than
1.00 mg carbon per L. For containers having a fill vol-
ume of 10 mL or less, the Total Organic Carbon is not
more than 1.50 mg carbon per L. Alternatively, per-
form the test for Oxidizable Substances.

The differences in container volumes accommodate
the effect of the volume to surface area in the package.
This is harmonized with the Japanese Pharmacopoeia pro-
posal (11).

The TOC test is being implemented as an alternative to
the Oxidizable Substances test so that manufacturers can
evaluate and develop alternative approaches while con-
tinuing to provide an achievable impurity attribute. A
second In-Process Revision in this issue of PF will delete
the Oxidizable Substances test approximately two years
after the TOC test is official. Similar In-Process Revisions
are being developed for Sterile Purified Water, Sterile Water
for Irrigation, and Sterile Water for Inhalation.

The Water Conductivity test for Sterile Water for Injec-
tion is proposed based on harmonization discussions
with other pharmacopeias. The proposed level of not
more than 15 mS/cm for containers with a nominal vol-
ume of 10 mL or less and not more than 5 mS/cm for con-
tainers with a nominal volume greater than 10 mL is
supported by data generated by the Japanese Pharmaco-
poeia (7).

REFERENCES

1. Chapman KG, Freiben WR, Genova TF, et al. Updating re-
quirements for pharmaceutical grades of water. Pharm For-
um. 1990;16(6):1283–1285.

2. USP. USP 30–NF 25, Supplement 1, Sterile water for inhala-
tion, Sterile water for irrigation, and Sterile purified water.
Rockv i l l e , MD: US Pharmacope ia l Convent ion;
2007:3839–3840.

3. USP. USP 30–NF 25, Water Conductivity h645i. Rockville,
MD: US Pharmacopeial Convention; 2007:258–259.

4. Slabicky RO, Chapman KG, Duran RW, et al. Updating re-
quirements for pharmaceutical grades of water: total
organic carbon, report of the Pharmaceutical Manufac-
turers Association, Quality Control Section, Water Quality
Committee. Pharm Forum. 1993;19(4):5858–5861.

5. Poirier SJ, Meltzer TH. Total organic carbon extractables
from polymeric and glass containers. Pharm Forum.
2002;28(5):1680–1683.

6. Slabicky Y. Determination of organic carbon contamina-
tion in packaged pharmaceutical water—contributions
by the container. Pharm Forum. 2010;36(5):1414–1422.

7. Minobe S. The quality evaluation of JP Purified Water and
JP Water for Injection by conductivity and total organic car-
bon (TOC). Pharm Med Device Regul Sci. (2008);39(4):223–
241.

8. Jaeger RJ. Migration of phthalate ester plasticizer from
polyvinyl chloride blood bags into stored human blood
and its localization in human tissues. N Engl J Med.
1972;287:1114–1118.

9. FDA. PVC Devices Conta in ing P last ic izer DEHP.
July 2002. http://www.fda.gov/MedicalDevices/Safety/
AlertsandNotices/PublicHealthNotifications/UCM062182.
Last visited 06 April 2010.

10. EPA. May 2009. National Primary Drinking Water Regu-
lations, Consumer Fact Sheet on: Di(2-ethylhexyl)phthal-
ate. http://www.epa.gov/safewater/hfacts.html. Last
visited 06 April 2010.

11. Japanese Pharmacopoeia. Japanese Pharmacopoeia 16. Pro-
posed revision: 5.2. Determination of Water Quality during
the Storage in Containers. JP Forum. 2009;18(2):325–326.

STIMULI TO THE REVISION PROCESS
Pharmacopeial ForumStimuli articles do not necessarily reflect the policies

Vol. 36(5) [Sept.–Oct. 2010]of the USPC or the USP Council of Experts1424

#2010 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

S
ti
m

ul
i

to
th

e
R

ev
is

io
n

P
ro

ce
ss



NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that
incorporate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Pro-
posed and Recommended International Nonproprietary Names (INN) when they have been announced by the World
Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on
how nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomen-
clature issues that also occasionally report on related matters pertaining to USAN and INN.
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CHROMATOGRAPHIC COLUMNS
USED IN USP–NF AND

PHARMACOPEIAL FORUM

This is an update based on the proposals published in this issue of PF.
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Chromatographic Columns Used in USP–NF and
Pharmacopeial Forum

Sept.–Oct. 2010

ALCLOMETASONE DIPROPIONATE (DSD Mgh #1225)
PF LGS# Reagent Brand Type of Test Comments

36(5) L1 Hypersil-ODS Organic Impurities 4.6 mm615 cm, 5 mm. Manufacturer: Thermo Scien-
tific

BICALUTAMIDE (DSD Mgh #2641)
PF LGS# Reagent Brand Type of Test Comments

36(5) L1 Hypersil-ODS Assay and Organic
Impurities

4.0 mm610 cm, 3 mm. Manufacturer: Thermo Scien-
tific

CANDESARTAN CILEXETIL (DSD Mgh #12270)
PF LGS# Reagent Brand Type of Test Comments

36(6) L1 Nova-Pak C18 Organic Impurities 3.9 mm6150 mm, 4 mm. Manufacturer: Waters Corp.

CARVEDILOL (DSD Mgh #2730)
PF LGS# Reagent Brand Type of Test Comments

0(0) L68 SUPLEX pkb-100 Related Compounds Test 2. 4.6 mm615 cm, 5 mm. Manufacturer: Supelco

CELECOXIB (DSD Mgh #14165)
PF LGS# Reagent Brand Type of Test Comments

0(0) L10 Supelcosil LC-CN Assay and Organic
Impurities

4.6 mm625 cm, 5 mm. Manufacturer: Supelco

COD LIVER OIL (DSD Mgh #19490)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Spherisorb ODS Assay for . . . . . . . . Assay for Vitamin D. 4.6 mm615 cm, 5 mm. Manu-
facturer: Waters Corp.

DEXAMETHASONE SODIUM PHOSPHATE (DSD Mgh #23450)
PF LGS# Reagent Brand Type of Test Comments

25(5) L7 ZORBAX RX-C8 Assay 4.6 mm625 cm. Manufacturer: Agilent Technologies

DIPHENHYDRAMINE CITRATE AND IBUPROFEN TABLETS (DSD Mgh #4710)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Inertsil ODS-3V Assay and Dissolution 4.6 mm615 cm, 5 mm. Manufacturer: GL Sciences
0(0) L1 ZORBAX Eclipse

XDB-C18
Related Compounds 4.6 mm615 cm, 5 mm. Manufacturer: Agilent Tech-

nologies
0(0) L1 Hypersil BDS C-18 Related Compounds 4.6 mm625 cm, 5 mm. Manufacturer: Thermo Scien-

tific

DROSPIRENONE (DSD Mgh #28560)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 YMC-Pack Pro
C18

Assay 4.6 mm625 cm, 3 mm. Manufacturer: YMC Co., Inc.

ESTAZOLAM (DSD Mgh #30595)
PF LGS# Reagent Brand Type of Test Comments

36(6) L11 Hypersil Phenyl Assay 4.6 mm615 cm, 3 mm. Manufacturer: Thermo Scien-
tific

36(6) L1 LiChrospher 100
RP-18

Organic Impurities 4.0 mm625 cm, 5 mm. Manufacturer: Merck KGaA
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ESTAZOLAM TABLETS (DSD Mgh #30600)
PF LGS# Reagent Brand Type of Test Comments

36(6) L11 Hypersil BDS
Phenyl

Assay, Dissolution, and
Organic Impurities

4.6 mm615 cm, 3 mm. Manufacturer: Thermo Scien-
tific

ETHYLCELLULOSE DISPERSION TYPE B (DSD Mgh #5917)
PF LGS# Reagent Brand Type of Test Comments

36(6) G16 DB Wax Limit of . . . . . . . . . Limit of 1-Butanol. 0.53 mm630 m, 1.0 mm. Manu-
facturer: J & W Scientific

36(6) G25 Stabilwax-DA Content of . . . . . . . . Content of Dibutyl Sebacate and Oleic Acid. 0.53
mm615 m, 0.1 mm. Manufacturer: Restek

36(6) G43 Rtx-1301 Limit of . . . . . . . . . Limit of Glycerin. 0.53 mm630 m, 3.0 mm. Manufac-
turer: Restek

36(6) G25 Stabilwax-DA Content of . . . . . . . . Content of Oleic Acid. 0.53 mm630 m, 0.25 mm.
Manufacturer: Restek

36(6) L21 Shodex KF-801 Assay and Content of .... Content of Ethylcellulose, Medium Chain Triglycerides.
8.0 mm630 cm, 6 mm. Manufacturer: Shodex

ETHYNODIOL DIACETATE AND ETHINYL ESTRADIOL TABLETS (DSD Mgh #32250)
PF LGS# Reagent Brand Type of Test Comments

36(5) L10 ZORBAX CN Identification 4.6 mm625 cm. Manufacturer: Agilent Technologies

FLUCONAZOLE INJECTION (DSD Mgh #33243)
PF LGS# Reagent Brand Type of Test Comments

36(6) L7 Symmetry C8 Organic Impurities Procedure 4. 4.6 mm625 cm, 5 mm. Manufacturer:
Waters Corp.

GLUTATHIONE (DSD Mgh #3372)
PF LGS# Reagent Brand Type of Test Comments

36(5) L1 Econosphere C18 Chromatographic Purity 4.6 mm625 cm, 5 mm. Manufacturer: Grace—Alltech

HOMATROPINE HYDROBROMIDE (DSD Mgh #37540)
PF LGS# Reagent Brand Type of Test Comments

36(5) L1 Inertsil ODS-3 Assay and Organic
Impurities

4.6 mm615 cm, 3 mm. Manufacturer: GL Sciences

HOMATROPINE METHYLBROMIDE (DSD Mgh #37600)
PF LGS# Reagent Brand Type of Test Comments

36(5) L1 Inertsil ODS-3 Assay and Organic
Impurities

4.6 mm615 cm, 3 mm. Manufacturer: GL Sciences

HYDROCODONE BITARTRATE AND HOMATROPINE METHYLBROMIDE TABLETS (DSD Mgh #38073)
PF LGS# Reagent Brand Type of Test Comments

28(4) L7 Luna C8(2) Assay 5 mm. Manufacturer: Phenomenex

LEVOFLOXACIN ORAL SOLUTION (DSD Mgh #44774)
PF LGS# Reagent Brand Type of Test Comments

36(6) L11 ZORBAX SB
Phenyl

Assay and Organic
Impurities

4.6 mm615 cm, 3.5 mm. Manufacturer: Agilent
Technologies

MALABAR-NUT-TREE, LEAF (DSD Mgh #3542)
PF LGS# Reagent Brand Type of Test Comments

36(6) L10 LiChrospher CN Identification and
Content of ......

Content of Vasicine. 4.6 mm625 cm, 5 mm. Manu-
facturer: Merck KGaA
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MESO-ZEAXANTHIN (DSD Mgh #5933)
PF LGS# Reagent Brand Type of Test Comments

36(6) L3 ZORBAX Rx-SIL Content of . . . . . . . . Content of Zeaxanthin, Content of Lutein and Other
Related Compounds. 4.6 mm625 cm, 5 mm. Manu-

facturer: Agilent Technologies
36(6) L51 Chiralpak AD-H Content of . . . . . . . . Stereisomeric Composition. 4.6 mm625 cm, 5 mm.

Manufacturer: Chiral Technologies

MESO-ZEAXANTHIN PREPARATION (DSD Mgh #5895)
PF LGS# Reagent Brand Type of Test Comments

36(6) L51 Chiralpak AD-H Content of . . . . . . . . Steroisomeric Composition. 4.6 mm625 cm, 5 mm.
Manufacturer: Chiral Technologies

36(6) L3 ZORBAX Rx-SIL Content of . . . . . . . . Content of Zeaxanthin, Content of Lutein and Other
Related Compounds. 4.6 mm625 cm, 3 mm. Manu-

facturer: Agilent Technologies

MORPHINE SULFATE EXTENDED-RELEASE TABLETS (DSD Mgh #54850)
PF LGS# Reagent Brand Type of Test Comments

36(6) L1 Xterra MS C18 Dissolution Test 2. 4.6 mm615 cm, 3.5 mm. Manufacturer: Waters
Corp.

OLMESARTAN MEDOXOMIL (DSD Mgh #887)
PF LGS# Reagent Brand Type of Test Comments

36(5) L1 J’Sphere ODS-
M80

Assay 4.6 mm615 cm, 5 mm. Manufacturer: YMC Co., Ltd.

36(5) L7 Symmetry C8 Organic Impurities 4.6 mm610 cm, 3.5 mm. Manufacturer: Waters Corp.

POLYGLYCERYL DIOLEATE (DSD Mgh #4371)
PF LGS# Reagent Brand Type of Test Comments

36(5) G16 CP-Wax 52 CB Content of . . . . . . . . Content of Fatty Acids. 0.32 mm630 m, 0.25 mm.
Manufacturer: Varian

POWDERED MALABAR-NUT-TREE, LEAF (DSD Mgh #3543)
PF LGS# Reagent Brand Type of Test Comments

36(6) L10 LiChrospher CN Identification and
Content of ......

Content of Vasicine. 4.6 mm625 cm, 5 mm. Manu-
facturer: Merck KGaA

POWDERED MALABAR-NUT-TREE, LEAF EXTRACT (DSD Mgh #3544)
PF LGS# Reagent Brand Type of Test Comments

36(6) L10 LiChrospher CN Identification and
Content of ......

Content of Vasicine. 4.6 mm625 cm, 5 mm. Manu-
facturer: Merck KGaA

TACROLIMUS (DSD Mgh #80280)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Luna C18 Assay and Organic
Impurities

4.6 mm615 cm, 3 mm. Manufacturer: Phenomenex

TACROLIMUS CAPSULES (DSD Mgh #80283)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Luna C18(2) Organic Impurities 4.6 mm615 cm, 3 mm. Manufacturer: Phenomenex
0(0) L1 Purospher STAR

RP18e
Assay 4 mm65.5 cm, 3 mm. Manufacturer: Merck KGaA
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TRAMADOL HYDROCHLORIDE EXTENDED-RELEASE TABLETS (DSD Mgh #2066)
PF LGS# Reagent Brand Type of Test Comments

36(6) L11 ZORBAX Eclipse
XDB Phenyl

Assay 4.6 mm615 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

36(6) L1 ACQUITY UPLC
BEH Shield RP18

Organic Impurities 2.1 mm610 cm, 1.7 mm. Manufacturer: Waters Corp.

VITAMIN A TABLETS (DSD Mgh #88430)
PF LGS# Reagent Brand Type of Test Comments

36(5) L1 Luna C18(2) Dissolution 4.6 mm610 cm, 3 mm. Manufacturer: Phenomenex
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STANDARDS DEVELOPMENT
This section presents an overview of the public review and comment process, conducted through Pharmacopeial Forum
(PF), for the development of official standards in the United States Pharmacopeia and the National Formulary (USP–NF).
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USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on the new or revised stan-
dards.

PF includes the following:

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

2. Accelerated Revisions—New or revised standards that become official through an accelerated process in ac-
cordance with USP’s Guideline on Accelerated Revisions (available on the USP website) (e.g., Interim Revision An-
nouncements, Revision Bulletins, and Errata). Accelerated Revisions allow for a revision to become official prior to the
next USP–NF or Supplement and do not always require notice and comment. Interim Revision Announcements are
first presented for a 60-day public comment period in the Proposed Interim Revision Announcement section before
becoming official in a later PF in the Interim Revision Announcements section of the PF. Note that Revision Bulletins
appear only on the USP website.

USP welcomes comments and data on proposed revisions. A summary of comments received, along with USP’s
responses, will be published in the Commentary section of the USP website (www.usp.org).
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to Director, Executive Secretariat, United States Pharmacopeia, 12601
Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
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HOW TO USE PF
‘‘How to Use PF’’ describes the various parts of Pharmacopeial Forum, lists the Committee Designations, and includes the
Staff Directory.
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The contents of the various sections of PF are briefly described below. A more detailed description of each section is
provided at the beginning of that section. A general description of the types and amount of information expected in a
Request for Revision is available in the Guideline for Submitting Requests for Revision to the USP–NF on the USP website
(www.usp.org/USPNF/submitMonograph/subGuide.html).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Proposed Interim Revi-
sion Announcement
Accelerated Revision tar-
geted to become official
in an upcoming PF.

Proposals for Interim Revision Announcements (IRAs) that will be
published as official in a future Pharmacopeial Forum.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the USP Scientific Liaison who handled the issue.

Review material and send comments
within 60 days of the PF publication
where the standard was proposed
(or per the Briefing). Direct com-
ments to the USP Scientific Liaison
(see the Staff Directory) identified at
the end of the Briefing.

Interim Revision An-
nouncement
Official Accelerated Revi-
sion (on the first day of
the second month, un-
les s otherwise ind i -
cated).

Standards that have been adopted and will become official on
the date that is specified in the section’s introductory page or
within parentheses following a particular item. New or revised
text is marked by the symbols .

..

Review material to see whether af-
fected by any of the changes. Note
date when standards become official,
and ensure compliance.

Errata
Accelerated Revision.

Corrections to official standards that will be printed in USP–NF. Review material to see whether af-
fected by any changes.

In-Process Revision
Revisions for public re-
view and comment.

Proposals for standards that will be published as official in a fu-
ture USP–NF book or Supplement.
BRIEFING: Scientific rationale for proposed changes. May in-
clude other information useful to the analyst, such as the brand
name of the column used in developing the proposed proce-
dure and the appropriate USP Scientific Liaison.

Review material and send comments.
Comment deadlines are found at the
end of the Policies and Announcements
section. Direct comments to the USP
Scientific Liaison (see the Staff Direc-
tory) identified at the end of the Brief-
ing. For general inquiries or in cases
where a Scientific Liaison is not iden-
tified, use the general USP telephone
number 301-881-0666 or fax num-
ber 301-998-6839.

Previous PF Proposals Proposals from previous PFs that did not advance to official sta-
tus in an official USP publication. This section is cumulative. This
information will no longer be included in the Pharmacopeial For-
um (PF). It may now be found in the Revision and Commentary
section of the USP Web site (http://www.usp.org/USPNF/revi-
sions/).

Review material to track pending pro-
posals.

Canceled Proposals Items that were published in PF and were pending, but have
since been canceled. Note that canceled proposals may be re-
published to be considered in the future for adoption in USP–NF.
This information will no longer be included in the Pharmacopeial
Forum (PF). It may now be found in the Revision and Commen-
tary section of the USP Web site (http://www.usp.org/USPNF/
revisions/).

Review material to track canceled
proposals.
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Proposed and Adopted Revisions to the USP–NF (Continued)

Section Content How Readers Can Respond

Stage 4 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

BRIEFING: Scientific rationale for the potential inclusion or
change or for the proposed change. Stage 4 is available for
comment.

Review material and provide com-
ments to the appropriate Scientific
Liaison cited in the Briefing. Indivi-
duals who wish to correspond with
the European and Japanese Pharma-
copoeias concerning monographs in
the Official Inquiry and Consensus
stages of international harmonization
should address their comments to the
coordinating pharmacopoeia, with a
copy to USP, for a given article. The
addresses for the European (PhEur)
and Japanese (JP) pharmacopoeias
are as follows:

PhEur Secretariat
Ms. Lynn Kelso-Eleuterio
Central Secretariat
European Pharmacopoeia Depart-

ment
European Directorate for the Health

Care Council of Europe
7, Allée Kastner
CS 30026
67081 Strasbourg
France
Tel: +33 (3) 88 41 31 48
Fax: +33 (3) 88 41 27 71
lynn.kelso@edqm.eu

JP Secretariat
Dr. Shigenori Harada
Quality Expert
Pharmaceuticals and Medical Devices

Agency (PMDA)
Shin-kasumigaseki Building
3-3-2, Kasumigaseki, Chiyoda-ku
Tokyo, 100-0013
Japan
Phone: +81-3-3506-9431
Fax: +81-3-3506-9440
harada-shigenori@pmda.go.jp

Stage 6 Harmoniza-
tion
Items the Pharmaco-
peial Discussion Group
(PDG) is working to in-
ternationally harmonize.

Stage 6 is the final official harmonized standard and is not avail-
able for comment. This information is published for informa-
tional purposes only. New or revised text to Stage 6
documents is marked with symbols that indicate the publication
in which the book or Supplement becomes official.

Review material to see whether af-
fected by any changes.

Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] HOW TO USE PF 1443

#2010 The United States Pharmacopeial Convention All Rights Reserved.

H
ow

to
U

se
P

F



Other Sections
Expert Committee Designations
Names of the Expert Committees (comprising volunteer scientific experts) that work with USP staff on the develop-
ment of standards
Staff Directory
Names of key USP Standards Division staff members, including Scientific Liaisons, with contact information
Policies and Announcements
� General scientific and policy issues affecting USP–NF standards and processes
� Update on standards-related issues being considered by USP
� Guidelines on how to comment
� Publication and comment schedules
Stimuli to the Revision Process
� Articles on standards development issues authored by the USP Council of Experts, USP staff, or other interested

parties
� Discussions of issues on which USP desires public input prior to further development
Nomenclature
� Latest adopted United States Adopted Names (USAN) and International Nonproprietary Names (INN) for drugs
� Revisions to existing names as a supplement to the USP Dictionary of USAN and International Drug Names
� Suggested, proposed, and recommended USAN and INN
� Information on how nonproprietary drug names are devised
� Articles relevant to compendial nomenclature issues
Index
Cumulative directory for the content of all issues of PF beginning with PF 36(1)
Chromatographic Columns Used in USP–NF and Pharmacopeial Forum
Update of chromatographic columns based on the proposals published in this issue of PF
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EXPERT COMMITTEE DESIGNATIONS* 2010–2015

SM1 Monographs—Small Molecules 1

SM2 Monographs—Small Molecules 2

SM3 Monographs—Small Molecules 3

SM4 Monographs—Small Molecules 4

BIO1 Monographs—Biologics and Biotechnology 1

BIO2 Monographs—Biologics and Biotechnology 2

EXC Monographs—Excipients

DS Monographs—Dietary Supplements

FI Monographs—Food Ingredients

GCCA General Chapters—Chemical Analysis

GCPA General Chapters—Physical Analysis

GCBA General Chapters—Biological Analysis

GCDF General Chapters—Dosage Forms

GCM General Chapters—Microbiology

GCPS General Chapters—Packaging, Storage and Distribution

NSL Nomenclature, Safety, and Labeling

CMP Compounding

RS Reference Standards

STAT Statistics

TOX Toxicology

* HDQ Indicates USP Headquarters items.
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MAP OF 2010–2015 EXPERT COMMITTEES TO 2005–2010 EXPERT COMMITTEES
Revised October 20, 2009

2010–2015 Expert Committee 2005–2010 Expert Committee

01 Monographs—Small Molecules Monograph Development—Antibiotics

Monograph Development—Antivirals and Antimicrobials

Reference Standards

02 Monographs—Small Molecules Monograph Development—Cardiovascular

Monograph Development—Cough, Cold, and Analgesics

Reference Standards

03 Monographs—Small Molecules Monograph Development—Gastrointestinal, Renal,
and Endocrine

Monograph Development—Ophthalmology, Oncology,
and Dermatology

Reference Standards

Veterinary Drugs

04 Monographs—Small Molecules Monograph Development—Psychiatrics and Psychoactives

Monograph Development—Pulmonary and Steroids

Radiopharmaceuticals and Medical Imaging Agents

Reference Standards

05 Monographs—Biologics and Biotechnology B&B Blood and Blood Products

B&B Proteins and Polysaccharides

Reference Standards

06 Monographs—Biologics and Biotechnology B&B Blood and Blood Products

B&B Cell, Gene and Tissue Therapies

B&B Vaccines and Virology

Reference Standards

07 Monographs—Excipients Excipient Monographs 1

Excipient Monographs 2

Reference Standards

08 Monographs—Dietary Supplements Dietary Supplements—Botanicals

Dietary Supplements—General Chapters

Dietary Supplements—Information

Dietary Supplements—Non-Botanicals

Dietary Supplements—Performance Standards

Reference Standards

09 Monographs—Compounding PS Compounding Pharmacy

PS Sterile Compounding

Reference Standards

Veterinary Drugs

10 Monographs—Food Ingredients Food Ingredients

Reference Standards
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MAP OF 2010–2015 EXPERT COMMITTEES TO 2005–2010 EXPERT COMMITTEES
Revised October 20, 2009 (Continued)

2010–2015 Expert Committee 2005–2010 Expert Committee

11 General Chapters—Chemical Analysis Dietary Supplements—Botanicals

Dietary Supplements—General Chapters

Dietary Supplements—Information

Dietary Supplements—Non-Botanicals

Dietary Supplements—Performance Standards

GC General Chapters

GC Pharmaceutical Waters

Reference Standards

12 General Chapters—Physical Analysis Excipient General Chapters

GC General Chapters

PS Compounding Pharmacy

PS Sterile Compounding

Reference Standards

13 General Chapters—Biological Analysis B&B Blood and Blood Products

B&B Cell, Gene and Tissue Therapies

B&B Proteins and Polysaccharides

B&B Vaccines and Virology

Reference Standards

14 General Chapters—Dosage Forms GC Aerosols

GC Biopharmaceutics

GC Parenteral Products—Industrial

GC Pharmaceutical Dosage Forms

Reference Standards

15 General Chapters—Microbiology GC Microbiology and Sterility Assurance

Reference Standards

16 General Chapters—Packaging, Storage, and Distribution GC Packaging and Storage

Reference Standards

17 Nomenclature, Safety, and Labeling PS Nomenclature

PS Safe Medication Use

Reference Standards
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MAP OF 2010–2015 EXPERT COMMITTEES TO 2005–2010 EXPERT COMMITTEES
Revised October 20, 2009 (Continued)

2010–2015 Expert Committee 2005–2010 Expert Committee

18 Reference Standards Reference Standards

19 Statistics GC Statistics

Reference Standards

20 Toxicology Dietary Supplements—Botanicals

Dietary Supplements—General Chapters

Dietary Supplements—Information

Dietary Supplements—Non-Botanicals

Dietary Supplements—Performance Standards

Excipient General Chapters

GC General Toxicology and Medical Device Biocompatibility

Reference Standards
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STAFF DIRECTORY

This updated directory reflects assignment changes based on 2010–2015 Expert Committees. The general USP tele-

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

identified. The fax number is (301) 816-8373.

STAFF E-MAIL PHONE CONTACT FOR

Susan S. de Mars, J.D.,
General Counsel and Chief Documentary
Standards Officer

sdm@usp.org (301) 816-8296 Documentary Standards Division

William F. Koch, Ph.D.,
Chief Standards Acquisition and Metrology
Officer

wfk@usp.org (301) 816-8562 Reference Materials Division

Clydewyn M. Anthony, Ph.D.,
Senior Scientific Liaison

cma@usp.org (301) 816-8139 Monographs—Small Molecules 2

Fouad Atouf, Ph.D.,
Senior Scientific Liaison

fa@usp.org (301) 816-8365 Monographs—Biologics and Biotech-
nology 2

Shawn C. Becker, M.S., B.S.N., R.N.,
Director, Healthcare Quality Standards

scb@usp.org (301) 816-8216 Healthcare Quality Standards

Edmond Biba, Ph.D.,
Reference Standards Scientist

exb@usp.org (301) 881-0666
ext. 8676

Monographs—Excipients; General
Chapters—Chemical Analysis; Gener-
al Chapters—Physical Analysis; Gen-
era l Chapters—Dosage Forms;
General Chapters—Packaging, Stor-
age, and Distribution; Reference Stan-
dards

William E. Brown,
Senior Scientific Liaison

web@usp.org (301) 816-8380 General Chapters—Dosage Forms

Guillermo A. Casay,
Reference Standards Scientist

gac@usp.org (301) 816-8508 Monographs—Small Molecules 4;
Reference Standards

Todd L. Cecil, Ph.D.,
Vice President, Compendial Sciences

tlc@usp.org (301) 816-8234 Compendial Sciences

Sanda E. Ciutacu, Ph.D.,
Reference Standards Scientist

sec@usp.org (301) 816-8176 Reference Standard Continued Suit-
ability for Use program

Mary D. Crivellone, Ph.D.,
Reference Standards Scientist

mdc@usp.org (301) 816-8156 Monographs—Biologics and Biotech-
nology 1-2; General Chapters—Bio-
logical Analysis; Reference Standards

Yi Dang,
Reference Standards Scientist

yd@usp.org (301) 816-8147 Monographs—Dietary Supplements;
Monographs—Food Ingredients;
General Chapters—Chemical Analy-
sis; General Chapters—Physical
Analysis; Reference Standards

Behnam Davani, Ph.D.,
Senior Scientific Liaison

bd@usp.org (301) 816-8394 Monographs—Small Molecules 1;
General Chapters—Chemical
Analysis

Natalia Davydova, Ph.D.,
Scientific Liaison

nd@usp.org (301) 816-8328 Monographs—Dietary Supplements;
General Chapters—Chemical Analysis

Anthony DeStefano, Ph.D.,
Vice President, General Chapters

ajd@usp.org (301) 230-6303 General Chapters

Huy T. Dinh, Ph. D.,
Scientific Liaison

htd@usp.org (301) 816-8594 Monographs—Dietary Supplements

Shawn F. Dressman, Ph.D.,
Vice President, Standards Acquisition

sfd@usp.org (301) 816-8261 New Monograph and Reference Stan-
dards Acquisition

Anil M. Dwivedi, Ph.D.,
Reference Standards Manager,
Large/Complex Molecules

amd@usp.org (301) 816-8385 Large/Complex Molecules Reference
Standards

Jami Earnest, Pharm.D., B.C.C.P.,
Scientific Liaison

jse@usp.org (301) 816-8548 Nomenclature, Safety, and Labeling
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STAFF E-MAIL PHONE CONTACT FOR

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

gig@usp.org (301) 816-8343 Dietary Supplements

Brian D. Gilbert, Ph.D.,
Technical Services Manager

bg@usp.org (301) 816-8223 Documentary Standard Queries

Maria J. Glasgow, M.S.,
Reference Standards Scientist

mjg@usp.org (301) 816-8140 Monographs—Small Molecules 3;
Reference Standards

Elena Gonikberg, Ph.D.,
Principal Scientific Liaison

eg@usp.org (301) 816-8251 Monographs—Small Molecules 3;
General Chapters—Physical Analysis

James Griffiths, Ph.D.,
Vice President, Food, Dietary Supplement,
and Excipient Standards

jg@usp.org (301) 998-6811 Food, Dietary Supplements, Excipi-
ents

Linda Guard,
Vice President, Publications

lmg@usp.org (301) 816-8309 Publications

Walter Hauck, Ph.D.,
Senior Scientific Fellow

wh@usp.org (301) 816-8390 Statistics

Antonio Hernandez-Cardoso, M.Sc.,
Senior Scientific Liaison, Latin American
Specialist

ahc@usp.org (301) 816-8308 General Chapters—Chemical Analy-
sis; General Chapters—Physical
Analysis

Kevin O. Hool, Ph.D.,
Vice President, Applied Compendial Research

koh@usp.org (301) 230-6321 USP Laboratories

Desmond G. Hunt, Ph.D.,
Senior Scientific Liaison

dgh@usp.org (301) 816-8341 General Chapters—Packaging, Stor-
age, and Distribution; General Chap-
ters—Physical Analysis; General
Chapters—Dosage Forms

Nurilya U. Ivanov, Ph.D.,
Reference Standards Scientist

nui@usp.org (301) 881-0666
ext. 8947

Monographs—Excipients; General
Chapters—Chemical Analysis; Gener-
al Chapters—Physical Analysis; Gen-
era l Chapters—Dosage Forms;
Reference Standards

Fabian A. Jameison, Ph.D.,
Reference Standards Scientist

fj@usp.org (301) 816-8173 Monographs—Biologics and Biotech-
nology 1-2; General Chapters—Bio-
logical Analysis; Reference Standards

Barbara Jones, Ph.D.,
Vice President, Reference Standards
Evaluation

bjj@usp.org (301) 230-6325 Reference Standards

Maura C. Kibbey, Ph.D.,
Senior Scientific Liaison

mck@usp.org (301) 230-6309 Monographs—Biologics and Biotech-
nology 1; General Chapters—Biologi-
cal Analysis

Robert Lafaver, M.S.
Scientific Liaison

rhl@usp.org (301) 816-8335 Monographs—Excipients; General
Chapters—Chemical Analysis; Gener-
al Chapters—Physical Analysis

Kristie Laurvick, M.S.,
Scientific Liaison

kxb@usp.org (301) 816-8356 Monographs—Food Ingredients

Chengsheng Li,
Reference Standards Scientist

cwl@usp.org (301) 998-6820 Monographs—Small Molecules 1;
General Chapters—Biological Analy-
s is ; General Chapters—Dosage
Forms; General Chapters—Microbiol-
ogy; Reference Standards

Markus Lipp, Ph.D.,
Director, Food Standards

mxl@usp.org (301) 816-6366 Food Ingredients

Angela G. Long, M.S.,
Vice President, Healthcare Quality
and Compendial Affairs/
Executive Secretariat

agl@usp.org (301) 816-8382 Executive Secretariat, Healthcare
Quality Standards
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STAFF E-MAIL PHONE CONTACT FOR

Cuiying Ma, Ph.D.,
Reference Standards Scientist

cm@usp.org (301) 230-6371 Monographs—Dietary Supplements;
General Chapters—Chemical Analy-
sis; Reference Standards

Feiwen Mao, M.S.,
Scientific Liaison

fm@usp.org (301) 816-8320 Monographs—Small Molecules 3

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

mrm@usp.org (301) 816-8106 General Chapters—Dosage Forms;
Monographs—Small Molecules 1-4

Carla D. Mejia, Ph.D.,
Scientific Liaison

cdm@usp.org (301) 816-8571 Monographs—Food Ingredients

Jeff Moore, Ph.D.,
Scientific Liaison

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

Kevin Moore, Ph.D.,
Senior Scientific Liaison

ktm@usp.org (301) 816-8369 Monographs—Excipients; General
Chapters—Physical Analysis; Harmo-
nization

Tina S. Morris, Ph.D.,
Vice President, Biologics and
Biotechnology

tsm@usp.org (301) 816-8397 Biologics and Biotechnology

Joe Nardo, Ph.D.,
Reference Standards Scientist

jwn@usp.org (301) 816-8507 Monographs—Dietary Supplements;
Monographs—Food Ingredients;
General Chapters—Chemical Analy-
sis; General Chapters—Physical
Analysis; Reference Standards

Horacio Pappa, Ph.D.,
Principal Scientific Liaison and Latin
American Liaison

hp@usp.org (301) 816-8319 General Chapters—Chemical Analy-
sis; General Chapters—Physical
Analysis; Statistics

Mark R. Pitluck, Ph.D.,
Reference Standards Manager, Small Molecules

mrp@usp.org (301) 816-8534 Small Molecules Reference Standards

Thelma R. Prensky, B.S.,
Reference Standards Scientist

trp@usp.org (301) 881-0666
ext. 8940

Monographs—Small Molecules 4;
Reference Standards

Morgan Puderbaugh,
Scientific Liaison

mxp@usp.org (301) 998-6833 Monographs—Small Molecules 3

Sujatha Ramakrishna, Ph.D.,
Senior Scientific Liaison

sxr@usp.org (301) 816-8349 Monographs—Small Molecules 2;
General Chapters—Chemical Analysis

Hariram Ramanathan, Ph.D.,
Associate Scientific Liaison

hr@usp.org (301) 816-8313 Monographs—Small Molecules 4

Steven T. Rau, B.S.,
Reference Standards Scientist

str@usp.org (301) 816-8175 Monographs—Small Molecules 3;
Reference Standards

Ravi Ravichandran, Ph.D.,
Principal Scientific Liaison

rr@usp.org (301) 816-8330 Monographs—Small Molecules 4;
General Chapters—Chemical Analy-
sis; General Chapters—Physical
Analysis

Karen A. Russo, Ph.D.,
Vice President, Small Molecules

kar@usp.org (301) 816-8379 Small Molecules

Leonel Santos, Ph.D.,
Senior Scientific Liaison

lxs@usp.org (301) 816-8168 Monographs—Small Molecules 1

Nandakumara (Nandu) Sarma, Ph.D.,
Senior Scientific Liaison

dns@usp.org (301) 816-8354 Monographs—Dietary Supplements;
General Chapters—Chemical Analysis

Rick Schnatz, Pharm.D.,
Scientific Liaison

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

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

sps@usp.org (301) 816-8551

Maged H. M. Sharaf, Ph.D.,
Principal Scientific Liaison

mhs@usp.org (301) 816-8318 Monographs—Dietary Supplements;
General Chapters—Chemical Analysis
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STAFF E-MAIL PHONE CONTACT FOR

Catherine M. Sheehan, M.S.,
Director, Excipients

cxs@usp.org (301) 816-8262 Excipients

Tom Sigambris, M.S.,
Scientific Liaison

tzs@usp.org (301) 998-6789 Monographs—Biologics and Biotech-
nology 1

Mario P. Sindaco, M.S., M.B.A.,
Director, Stakeholder Affairs

mys@usp.org (301) 816-8246 Document Disclosure, Stakeholder
Forums, Workshops, PDG harmoniza-
tion support

Nora Suarez-Giancaspro, M.S.,
Senior Scientific Liaison (Spanish)

nrs@usp.org (301) 816-8326 USP–NF, Spanish Edition

Ji Sun, Ph.D.,
Reference Standards Scientist

jys@usp.org (301) 816-8544 Monographs—Small Molecules 1;
General Chapters—Biological Analy-
sis; General Chapters—Microbiology;
Reference Standards

Caroline M. Susai, M.S.,
Reference Standards Scientist

cms@usp.org (301) 816-8179 Monographs—Small Molecules 2;
Reference Standards

Anita Y. Szajek, Ph.D.,
Principal Scientific Liaison

aey@usp.org (301) 816-8325 Monographs—Biologics and Biotech-
nology 2

Radhakrishna S. Tirumalai, Ph.D.,
Principal Scientific Liaison

rst@usp.org (301) 816-8339 General Chapters—Microbiology;
Toxicology

Yoshiyuki Tokiwa, Ph.D.,
Senior Scientific Liaison

yt@usp.org (301) 816-8321 Monographs—Dietary Supplements;
General Chapters—Chemical Analysis

Domenick Vicchio, Ph.D.,
Senior Scientific Liaison

dwv@usp.org (301) 998-6828 Monographs—Small Molecules 4;
General Chapters—Chemical Analysis

Mary ‘‘Jeanie’’ Waddell,
Scientific Liaison

msw@usp.org (301) 816-8124 Monographs—Small Molecules 4

Hong Wang, Ph.D.,
Senior Scientific Liaison

hw@usp.org (301) 816-8351 Monographs—Excipients; General
Chapters—Chemical Analysis; Gener-
al Chapters—Physical Analysis

Lili Wang, M.S.,
Technical Services Scientist

lw@usp.org (301) 816-8129 Reference Standards Queries

Andrzej Wilk, Ph.D.,
Senior Scientific Liaison

aw@usp.org (301) 816-8305 Nomenclature, Safety, and Labeling

Ahalya Wise, M.S.,
Scientific Liaison

aww@usp.org (301) 816-8161 Monographs—Small Molecules 1;
General Chapters—Chemical Analy-
sis; General Chapters—Microbiology

Douglas V. Wood, M.S.,
Reference Standards Scientist

dvw@usp.org (301) 816-8221 Monographs—Small Molecules 2;
Reference Standards

Niya J. Yeboah, M.S.,
Reference Standards Scientist

ny@usp.org (301) 816-8187 Monographs—Small Molecules 4;
Reference Standards

Ren-Hwa Yeh, Ph.D.,
Reference Standards Scientist

rhy@usp.org (301) 998-6818 Monographs—Small Molecules 1;
General Chapters—Biological Analy-
sis; General Chapters—Microbiology;
Reference Standards

Kahkashan Zaidi, Ph.D.,
Senior Scientific Liaison

kxz@usp.org (301) 816-8269 General Chapters—Chemical Analy-
sis; General Chapters—Physical
Analysis; General Chapters—Dosage
Forms
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POLICIES AND
ANNOUNCEMENTS

This section provides general information about USP–NF standards and processes, including announcements on scien-
tific and policy issues, schedules for USP publications, and schedules for comment periods for proposed standards.
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PF 36(6) IS THE LAST PHARMACOPEIAL FORUM IN
PRINT FORMAT; TRANSITIONS TO ONLINE, FREE
RESOURCE IN JANUARY 2011 . USP w i l l be
transitioning Pharmacopeial Forum (PF) to a free online
resource in January 2011 [PF 37(1)]. The online PF will
provide the United States Pharmacopeia and the
National Formulary (USP–NF) users and others greater
opportunity to review and comment on proposed
revisions to the compendia. The new online-only PF will
include proposed revisions and additions to the USP–NF
and Stimuli articles for which USP is seeking public
comment. All proposals, including Interim Revision
Announcements (IRAs), will have a 90-day comment
period, unless otherwise indicated. Other information
currently in PF, including official text (final IRAs), will be
published solely on the USP Web site or moved into
other USP publications.

The move to make PF freely available will help ensure
greater public participation when revisions are proposed
to the USP–NF. The comments and feedback from users
and other interested parties in industry, academia, gov-
ernment, and elsewhere are critical to the open and
scientifically rigorous process that culminates in the final
approval of standards by USP’s Expert Committees.
This free, online PF will include all previously published
issues of PF Online as a service to PF users.

In addition to being freely available online, the new PF
will include only proposals for which USP is seeking pub-
lic comment, making it easier for users to identify and re-
spond to these proposals. This includes the following:

� Standards Development
� How to Use PF
� In-Process Revision
� Proposed Interim Revision Announcements (IRAs)
� PDG Harmonization Proposals (Stage 4)
� Stimuli Articles

The following items currently published in PF also will be
publicly available but will be relocated to appropriate lo-
cations on USP’s Web site (links to these items will be
maintained on the PF landing page):
� Policies and Announcements
� Final IRAs
� IRA Reference Standard Information
� Errata
� Previous PF Proposals Still Pending
� Canceled Proposals
� PDG Harmonization Process and Harmonized Stan-

dards (Stage 6)
� Nomenclature
� Chromatographic Columns

COMMENT DEADLINES.When PF becomes available in
2011 as an online-only publication, there is no need to
consider mailing time in calculating the 90-day com-
ment period. The PF comment deadline will change to
be the last day of the month comments are due, rather
than the 15th of the following month. The comment
schedule for PF is outlined in the table below. It will follow
a similar schedule in subsequent years.

For further information about the free, online PF transi-
tion, contact Linda Guard, Vice President, Publications
(lmg@usp.org).

PF PF Posting Date Comment Due Date IRA Posting Date IRA Official Date

37(1) January 3, 2011 March 31, 2011 May 27, 2011 July 1, 2011

37(2) March 1, 2011 May 31, 2011 July 29, 2011 September 1, 2011

37(3) May 2, 2011 July 31, 2011 September 30, 2011 November 1, 2011

37(4) July 1, 2011 September 30, 2011 November 30, 2011 January 1, 2012

37(5) September 1, 2011 November 30, 2011 January 27, 2012 March 1, 2012

37(6) November 1, 2011 January 31, 2012 March 30, 2012 May 1, 2012

PENDING AND CANCELED PROPOSALS. Effective with
Pharmacopeial Forum (PF) 36(5), and as part of the
move to the free, online-only PF, USP transitioned its
‘‘Previous PF Proposals Still Pending’’ and its ‘‘Canceled
Proposals’’ lists currently printed in PF to become part
of the Revisions and Commentary section of the USP
Web site, beginning with USP 34–NF 29 (http://
www.usp.org/USPNF/revisions).
These new lists are referred to as the ‘‘Deferral’’ and
‘‘Cancellation’’ lists. The Deferral list includes items that
have been proposed in Pharmacopeial Forum but are not
yet approved by an Expert Committee. The Cancellation
list includes those items that have been proposed in Phar-
macopeial Forum but have been canceled. Canceled items
may or may not be republished in a future Pharmacopeial
Forum.

All lists will be updated after each official USP–NF or Sup-
plement.

For further information about the new Deferral and Can-
cellation lists, visit http://www.usp.org/USPNF/revisions.

USP 33–NF 28 RECALL AND REISSUE. On January 8,
2010, USP recalled USP 33–NF 28 because of errors.
The USP 33–NF 28 Reissue and its Supplements are now
available.

The complete official compendia, USP 33–NF 28 Reissue,
is composed of the following:
� USP 32–NF 27 and its Supplements
� USP 33–NF 28 Reissue New and Revised Official Text

Since the Second Supplement to USP 32–NF 27
� First Supplement to the USP 33–NF 28 Reissue
� Second Supplement to the USP 33–NF 28 Reissue

#2010 The United States Pharmacopeial Convention All Rights Reserved.
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USP continues to seek the return of all versions of USP 33–
NF 28 that were placed into commerce beginning No-
vember 2009. This effort is important to avoid use of er-
roneous text.

For more information, contact USP’s Customer Service at
custsvc@usp.org or 1-800-227-8772.

USP POSTS COMMENTARY TO INTERIM REVISION
ANNOUNCEMENTS ON THE USP WEB SITE. In order
to maintain transparency for revisions made to proposed
Interim Revision Announcements that become official in PF,
USP posts commentary for the proposed Interim Revision
Announcements on the Revisions and Commentary Web
page on the date that the official standard is released
in PF. Note that commentary to In-Process Revisions is
posted on the Revisions and Commentary Web page
under the final book or supplement where the official
standard appears. Commentary is not part of the official
text of the monograph and is not intended to be
enforceable by regulatory authorities. Rather, it explains

the basis of the Expert Committee’s response to public
comments. If there is a difference between the content
of the Commentary section and the official monograph,
the text of the official monograph prevails. In case of a
dispute or question of interpretation, the language of
the official text, alone and independent of the
Commentary section, shall prevail.

PHARMACOPEIAL FORUM PUBLIC REVIEW and
COMMENT PERIOD DEADLINES. USP welcomes and
encourages interested parties to submit comments and
data regarding potential, proposed, or adopted
(official) standards. In accordance with the Rules and
Procedures of the Counci l of Experts, USP has
implemented a 90-day comment period by providing a
deadline for each In-Process Revision and Proposed IRA
unless otherwise stated in the individual briefing. The
listing of comment period deadlines and the targeted
official publications appears below.

Pharmacopeial
Forum

Comment
Deadline

Targeted Official
Publication Publication Date Official Date

36(6) February 15, 2011 USP 35–NF 30 November 2011 May 1, 2012

37(1) March 31, 2011

37(2) May 31, 2011 1st Supplement to
USP 35–NF 30

February 2012 August 1, 2012

37(3) July 31, 2011

37(4) September 30, 2011 2nd Supplement to
USP 35–NF 30

June 2012 December 1, 2012

37(5) November 30, 2011

37(6) January 31, 2012 USP 36–NF 31 November 2012 May 1, 2013

38(1) March 31, 2012

All official revisions are published in the USP–NF or Sup-
plements to USP–NF (twice yearly). Between these publi-
cations, official revisions are posted on the USP Web site
(‘‘New Official Text’’ section) as Interim Revision An-
nouncements and incorporated in an upcoming book or
supplement. Official text also may be published as Revi-
sion Bulletins (also posted in the ‘‘New Official Text’’ sec-

tion of the USP Web site). The electronic version of USP–
NF is updated as each Supplement becomes available
and, therefore, contains all official text up to and includ-
ing the contents of the latest Supplement. The table be-
low outlines the publications and their release and official
dates, and the book or supplement in which the official
text is incorporated.

Publication Schedules

Publication Release/Posting
Date

Official Date Superseded by

USP 34–NF 29 November 1, 2010 May 1, 2011 1st Supplement to USP 34–NF 29

IRA January 1, 2011 February 1, 2011 2nd Supplement to USP 34–NF 29

1st Supplement to
USP 34–NF 29

February 1, 2011 August 1, 2011 2nd Supplement to USP 34–NF 29

IRA March 1, 2011 April 1, 2011 2nd Supplement to USP 34–NF 29

IRA May 1, 2011 June 1, 2011 USP 35–NF 30

IRA July 1, 2011 August 1, 2011 USP 35–NF 30

IRA September 1, 20110 October 1, 2011 1st Supplement to USP 35–NF 30

IRA November 1, 2011 December 1, 2011 1st Supplement to USP 35–NF 30

2nd Supplement to
USP 34–NF 29

June, 2011 December 1, 2012 USP 35–NF 30

USP 35–NF 30 November 1, 2011 May 1, 2012 1st Supplement to USP 35–NF 30

#2010 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] POLICIES AND ANNOUNCEMENTS 1455

P
olicies

and
A

nnouncem
ents



CUMULATIVE EDITIONS. USP–NF is available in print,
CD, and online formats. For the CD and online
formats, each new edition or Supplement integrates
content from all previous editions to date.

PRIORITY NEW MONOGRAPH ITEMS.The following
lists contain monographs USP is seeking for drug
substances and drug products, with particular priority
on drug substances and drug products that are or are
expected to be off-patent (multi-sourced; subject to
generic competition) within 5 years. These are articles
that have been approved by the FDA and are published

in the Approved Drug Products with Therapeutic
Equivalence Evaluations (Orange Book). This list has
been updated as of August 16, 2010.

Monograph sponsors should consult the USP Guideline
for Submit t ing Requests for Rev is ion to USP–NF
at http://www.usp.org/USPNF/submitMonograph/sub
Guide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Small Molecules (Drug Substances)—As of August 16, 2010

1) Acamprosate Calcium 2) Acrivastine 3) Adapalene

4) Alitretinoin 5) Allopurinol Sodium 6) Alosetron Hydrochloride

7) Alvimopan 8) Ambenonium Chloride 9) Aminolevulinic Acid Hydrochloride

10) Amlexanox 11) Amlodipine Maleate 12) Amphetamine Aspartate

13) Amprenavir 14) Aprepitant 15) Argatroban

16) Aripiprazole 17) Armodafinil 18) Arsenic Trioxide

19) Asenapine Maleate 20) Auranofin 21) Azacitidine

22) Azelaic Acid 23) Azelastine Hydrochloride 24) Bendamustine Hydrochloride

25) Bentoquatam 26) Benzphetamine Hydrochloride 27) Bepotastine Besylate

28) Besifloxacin Hydrochloride 29) Bexarotene 30) Bimatoprost

31) Bismuth Subcitrate Potassium 32) Bortezomib 33) Bosentan

34) Brimonidine Tartrate 35) Bromfenac Sodium 36) Butenafine Hydrochloride

37) Caffeine Citrate 38) Calcipotriene 39) Calcium Trisodium Pentetate

40) Calfactant 41) Caspofungin Acetate 42) Ceftibuten

43) Cetrorelix 44) Cevimeline Hydrochloride 45) Cidofovir

46) Cisatracurium Besylate 47) Colesevelam Hydrochloride 48) Copper Wire Intrauterine Device

49) Cysteamine Bitartrate 50) Dalfampridine 51) Dalfopristin

52) Darifenacin Hydrobromide 53) Darunavir 54) Decitabine

55) Desirudin 56) Desloratadine 57) Desonide

58) Dexrazoxane 59) Dextroamphetamine Saccharate 60) Diclofenac Epolamine

61) Difloxacin Hydrochloride 62) Doripenem 63) Dronedarone Hydrochloride

64) Dutasteride 65) Enfuvirtide 66) Entecavir

67) Epinastine Hydrochloride 68) Eplerenone 69) Eprosartan Mesylate

70) Eptifibatide 71) Esomeprazole Sodium 72) Eszopiclone

73) Ethanolamine Oleate 74) Etonogestrel 75) Etoposide Phosphate

76) Everolimus 77) Exemestane 78) Febuxostat

79) Fenofibric Acid 80) Ferric Hexacyanoferrate (Prussian
Blue)

81) Ferric Sodium Gluconate

82) Fomepizole 83) Fosaprepitant Dimeglumine 84) Frovatriptan Succinate

85) Gadobenate Dimeglumine 86) Gadofosveset Trisodium 87) Gadopentetic Acid

88) Gadoxetate Disodium 89) Gallium Nitrate 90) Ganciclovir Sodium

91) Ganirelix Acetate 92) Gatifloxacin 93) Guanidine Hydrochloride

94) Iloperidone 95) Imatinib Mesylate 96) Imipramine Pamoate

97) Imiquimod 98) Isocarboxazid 99) Isosulfan Blue

100) Ketotifen Fumarate 101) Lacosamide 102) Latanoprost

103) Lepirudin 104) Linezolid 105) Lodoxamide Tromethamine

106) Loteprednol Etabonate 107) Lubiprostone 108) Melphalan Hydrochloride

109) Mepenzolate Bromide 110) Mequinol 111) Metaxalone

112) Methylnaltrexone Bromide 113) Metipranolol Hydrochloride 114) Micafungin Sodium

115) Midazolam Hydrochloride 116) Mifepristone 117) Milrinone Lactate

118) Mycophenolate Sodium 119) Nabilone 120) Nedocromil Sodium

121) Nelarabine 122) Nelfinavir Mesylate 123) Nepafenac

124) Nesiritide Citrate 125) Nilutamide 126) Nisoldipine

127) Nitazoxanide 128) Nitisinone 129) Norelgestromin

130) Olanzapine Pamoate 131) Oxiconazole Nitrate 132) Paliperidone

133) Palonosetron Hydrochloride 134) Pemirolast Potassium 135) Penciclovir
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Small Molecules (Drug Substances)—As of August 16, 2010 (Continued)

136) Pentostatin 137) Perindopril Erbumine 138) Piperonyl Butoxide

139) Pirbuterol Acetate 140) Plerixafor 141) Podofilox

142) Poractant Alfa 143) Porfimer Sodium 144) Quinupristin

145) Ranitidine 146) Rasagiline Mesylate 147) Remifentanil Hydrochloride

148) Rifapentine 149) Rose Bengal Disodium 150) Sapropterin Dihydrochloride

151) Sertaconazole Nitrate 152) Sevelamer Carbonate 153) Silodosin

154) Sirolimus 155) Sodium Phenylbutyrate 156) Streptozocin

157) Tazarotene 158) Temozolomide 159) Temsirolimus

160) Tetrabenazine 161) Thymol Iodide 162) Tiludronate Disodium

163) Tiopronin 164) Tirofiban 165) Tolterodine Tartrate

166) Tolvaptan 167) Topotecan Hydrochloride 168) Toremifene Citrate

169) Trypan Blue 170) Vigabatrin 171) Zafirlukast

172) Zanamivir 173) Zinc Trisodium Pentetate 174) Zoledronic Acid

175) Zolmitriptan

Small Molecules (Drug Products)—As of August 16, 2010

1) Abacavir and Lamivudine Tablets 2) Abacavir Sulfate, Lamivudine, and Zi-
dovudine Tablets

3) Acamprosate Delayed-Release Tablets

4) Acetaminophen, Aspirin, and Co-
deine Phosphate Capsules

5) Acetaminophen, Caffeine, and Dihy-
drocodeine Bitartrate Capsules

6) Acetaminophen, Caffeine, and Dihy-
drocodeine Bitartrate Tablets

7) Acetazolamide Extended-Release
Capsules

8) Acetazolamide Sodium Injection 9) Acetic Acid and Aluminum Acetate Otic
Solution

10) Acetylcysteine Inhalation Solution 11) Acetylcysteine Injection 12) Acrivastine and Pseudoephedrine
Hydrochloride Capsules

13) Acyclovir Cream 14) Adapalene and Benzoyl Peroxide Gel 15) Adapalene Cream

16) Adapalene Gel 17) Albuterol and Ipratropium Bromide
Inhalation Aerosol

18) Albuterol and Ipratropium Bromide
Inhalation Solution

19) Albuterol Extended-Release Tablets 20) Albuterol for Inhalation 21) Alendronate Sodium and Cholecalci-
ferol Tablets

22) Alendronate Sodium Oral Solution 23) Alitretinoin Topical Gel 24) Allopurinol for Injection

25) Alosetron Tablets 26) Aluminum Hydroxide and Magne-
sium Trisilicate Chewable Tablets

27) Alvimopan Capsules

28) Amantadine Hydrochloride Tablets 29) Ambenonium Chloride Tablets 30) Amcinonide Lotion

31) Aminolevulinic Acid Topical Solution 32) Amiodarone Hydrochloride Injec-
tion

33) Amlexanox Oral Paste

34) Amlodipine and Benazepril Hydro-
chloride Capsules

35) Amlodipine and Valsartan Tablets 36) Amlodipine, Valsartan and Hydro-
chlorothiazide Tablets

37) Amphetamine Aspartate, Amphet-
amine Sulfate, Dextroamphetamine
Saccharate and Dextroamphetamine
Sulfate Capsules

38) Amphetamine Aspartate, Amphet-
amine Sulfate, Dextroamphetamine Sac-
charate and Dextroamphetamine
Sulfate Tablets

39) Amprenavir Solution

40) Antazoline Phosphate and Napha-
zoline Hydrochloride Ophthalmic Solu-
tion

41) Apomorphine Hydrochloride Injec-
tion

42) Aprepitant Capsules

43) Argatroban Injection 44) Aripiprazole Oral Solution 45) Aripiprazole Orally Disintegrating
Tablets

46) Aripiprazole Tablets 47) Armodafinil Tablets 48) Arsenic Trioxide Injection

49) Asenapine Sublingual Tablets 50) Aspirin and Dipyridamole Extended-
Release Capsules

51) Atomoxetine Hydrochloride Capsules

52) Atorvastatin Tablets 53) Atovaquone and Proguanil Hydro-
chloride Tablets

54) Atropine and Pralidoxime Chloride
Injection

55) Auranofin Capsules 56) Avobenzone, Ecamsule, and Octo-
crylene Cream

57) Avobenzone, Ecamsule, Octocrylene,
and Titanium Dioxide Cream

58) Avobenzone, Octinoxate, and
Oxybenzone Lotion

59) Azacitidine for Injectable Suspension 60) Azelaic Acid Cream

61) Azelaic Acid Topical Gel 62) Azelastine Hydrochloride Nasal
Spray

63) Azithromycin Ophthalmic Solution

64) Baclofen Injection 65) Beclomethasone Dipropionate Inha-
lation Aerosol

66) Beclomethasone Dipropionate
Metered-Dose Nasal Suspension

67) Benazepril Hydrochloride and Hy-
drochlorothiazide Tablets

68) Bendamustine Hydrochloride for
Injection

69) Bentoquatam Topical Suspension
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Small Molecules (Drug Products)—As of August 16, 2010 (Continued)

70) Benzphetamine Hydrochloride
Tablets

71) Bepotastine Besylate Ophthalmic
Solution

72) Beractant Intratracheal Suspension

73) Besifloxacin Ophthalmic Suspen-
sion

74) Betaine for Oral Solution 75) Betamethasone Dipropionate and
Calcipotriene Ointment

76) Betamethasone Dipropionate and
Calcipotriene Topical Suspension

77) Betamethasone Dipropionate Gel 78) Betaxolol Ophthalmic Suspension

79) Bexarotene Capsules 80) Bexarotene Topical Gel 81) Bimatoprost Ophthalmic Solution

82) Bimatoprost Topical Solution 83) Bismuth Subcitrate Potassium, Me-
tronidazole, and Tetracycline Capsules

84) Bortezomib for Injection

85) Bosentan Tablets 86) Brimonidine Tartrate Ophthalmic
Solution

87) Bromfenac Sodium Ophthalmic
Solution

88) Brompheniramine Maleate, Dextro-
methorphan Hydrobromide and
Pseudoephedrine Hcl Oral Solution

89) Budesonide and formoterol Fuma-
rate Inhalation Aerosol

90) Budesonide Capsules

91) Budesonide Inhalation Powder 92) Budesonide Inhalation Suspension 93) Budesonide Nasal Spray

94) Buffered Didanosine for Oral Solu-
tion

95) Buprenorphine and Naloxone Sub-
lingual Tablets

96) Buprenorphine Hydrochloride Injec-
tion

97) Buprenorphine Sublingual Tablets 98) Busulfan Injection 99) Butalbital and Acetaminophen
Capsules

100) Butalbital and Acetaminophen
Tablets

101) Butalbital, Acetaminophen, Caf-
feine, and Codeine Phosphate Capsules

102) Butenafine Hydrochloride Cream

103) Calcipotriene Cream 104) Calcipotriene Ointment 105) Calcipotriene Topical Solution

106) Calcitriol Capsules 107) Calcitriol Ointment 108) Calcitriol Oral Solution

109) Calcium Acetate Capsules 110) Calfactant Intratracheal Suspen-
sion

111) Candesartan Cilexetil and Hydro-
chlorothiazide Tablets

112) Candesartan Cilexetil Tablets 113) Carbamazepine Extended-Release
Capsules

114) Carbidopa and Levodopa Orally
Disintegrating Tablets

115) Carbidopa Tablets 116) Carbidopa, Levodopa, and Entaca-
pone Tablets

117) Carbinoxamine Maleate Oral Solu-
tion

118) Carboplatin Injection 119) Carglumic Acid Tablets 120) Carmustine Implant

121) Caspofungin Acetate for Injection 122) Cefepime and Dextrose Injection 123) Cefepime Injection

124) Cefotaxime In Dextrose Injection 125) Ceftibuten Capsules 126) Ceftibuten for Oral Suspension

127) Celecoxib Capsules 128) Cetirizine Hydrochloride Capsules 129) Cetirizine Hydrochloride Chewable
Tablets

130) Cetrorelix Injection 131) Cevimeline Hydrochloride Cap-
sules

132) Chloramphenicol Sodium Succinate
Injection

133) Chlorhexidine Gluconate Sponge 134) Chlorhexidine Gluconate Topical
Aerosol

135) Chlorpheniramine Maleate Ex-
tended-Release Tablets

136) Ciclopirox Shampoo 137) Ciclopirox Topical Gel 138) Cidofovir Injection

139) Cimetidine Oral Solution 140) Ciprofloxacin Extended-Release
Tablets

141) Ciprofloxacin Hydrochloride and
Hydrocortisone Otic Suspension

142) Ciprofloxacin Oral Suspension 143) Ciprofloxacin Otic Solution 144) Cisatracurium Injection

145) Cisplatin Injection 146) Citalopram Capsules 147) Citric Acid, Gluconolactone, and
Magnesium Carbonate Irrigation

148) Cladribine Injection 149) Clemastine Fumarate, Acetamino-
phen and Pseudoephedrine Hydrochlor-
ide Tablets

150) Clemastine Oral Solution

151) Clindamycin and Benzoyl Peroxide
Topical Gel

152) Clindamycin Phosphate and Treti-
noin Gel

153) Clobetasol Propionate Foam

154) Clobetasol Propionate Gel 155) Clobetasol Propionate Lotion 156) Clofarabine Injection

157) Clonidine Extended-Release Ta-
blets

158) Clonidine Oral Suspension 159) Clotrimazole and Betamethasone
Dipropionate Lotion

160) Clozapine Orally-Disintegrating
Tablets

161) Colesevelam Hydrochloride Oral
Suspension

162) Colesevelam Hydrochloride Tablets

163) Conjugated Estrogens and Me-
droxyprogesterone Acetate Tablets

164) Conjugated Estrogens Vaginal
Cream

165) Cromolyn Sodium Metered-Dose
Nasal Solution

166) Cromolyn Sodium Oral Solution 167) Crotamiton Lotion 168) Cyanocobalamin Nasal Spray

169) Cyclopentolate Hydrochloride and
Phenylephrine Hydrochloride Ophthal-
mic Solution

170) Cyclosporine Ophthalmic Emul-
sion

171) Cysteamine Bitartrate Capsules

172) Cytarabine Injection 173) Cytarabine Liposome Injection 174) Dalfampridine Extended-Release
Tablets

175) Dalfopristin and Quinupristin In-
jection

176) Darifenacin Extended-Release
Tablets

177) Darunavir Tablets
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Small Molecules (Drug Products)—As of August 16, 2010 (Continued)

178) Daunorubicin Hydrochloride Injec-
tion

179) Decitabine for Injection 180) Desflurane for Inhalation

181) Desirudin for Injection 182) Des loratadine and Pseudo-
ephedrine Sulfate Extended- Release
Tablets

183) Desloratadine Oral Solution

184) Desloratadine Orally Disintegrat-
ing Tablets

185) Desloratadine Tablets 186) Desonide Lotion

187) Dexrazoxane for Injection 188) Dextroamphetamine Sulfate Ex-
tended-Release Capsules

189) Diatrizoate Sodium for Oral Solution

190) Diatrizoic Acid and Iodipamide In-
jection

191) Diazepam Oral Solution 192) Diazepam Rectal Gel

193) Diclofenac Epolamine Topical
Patch

194) Diclofenac Sodium Ophthalmic So-
lution

195) Diclofenac Sodium Topical Gel

196) Diclofenac Sodium Topical Solu-
tion

197) Didanosine Delayed-Release Cap-
sules

198) Diethylpropion Hydrochloride Ex-
tended-Release Tablets

199) Difloxacin Hydrochloride Tablets 200) Diltiazem Hydrochloride Extended-
Release Tablets

201) Dimethyl Sulfoxide Intravesical Solu-
tion

202) Dinoprostone Vaginal Supposi-
tories

203) Diphenhydramine Hydrochloride
and Acetaminophen Tablets

204) Diphenhydramine Hydrochloride
and Ibuprofen Capsules

205) Diphenhydramine Hydrochloride
Tablets

206) Docosanol Cream 207) Dofetilide Capsules

208) Doripenem for Injection 209) Dorzolamide and Timolol Ophthal-
mic Solution

210) Dorzolamide Ophthalmic Solution

211) Doxazosin Extended-Release Ta-
blets

212) Doxepin Hydrochloride Cream 213) Doxepin Hydrochloride Tablets

214) Doxorubicin Hydrochloride Pegy-
lated Liposome Injection

215) Doxycycline Hyclate Extended-
Release Periodontal System

216) Doxycycline Oral Gel

217) Dronedarone Tablets 218) Dutasteride Capsules 219) Econazole Nitrate Cream

220) Edrophonium Chloride and Atro-
pine Sulfate Injection

221) Efavirenz Tablets 222) Eflornithine Hydrochloride Cream

223) Enfuvirtide for Injection 224) Entecavir Oral Solution 225) Entecavir Tablets

226) Epinastine Hydrochloride Ophthal-
mic Solution

227) Epirubicin Hydrochloride for Injec-
tion

228) Epirubicin Hydrochloride Injection

229) Eplerenone Tablets 230) Epoprostenol for Injection 231) Eprosartan Mesylate and Hydro-
chlorothiazide Tablets

232) Eprosartan Tablets 233) Eptifibatide Injection 234) Escitalopram Capsules

235) Escitalopram Oral Solution 236) Esmolol Hydrochloride Injection 237) Esomeprazole Magnesium Delayed-
Release Capsules

238) Esomeprazole Magnesium for De-
layed-Release Oral Suspension

239) Esomeprazole Sodium Injection 240) Estradiol and Norethindrone Acetate
Transdermal System

241) Estradiol and Norgestimate Tablets 242) Estradiol Gel 243) Estramustine Phosphate Sodium
Capsules

244) Eszopiclone Tablets 245) Ethanolamine Oleate Injection 246) Ethinyl Estradiol and Levonorgestrel
Transdermal System

247) Etonogestrel and Ethinyl Estradiol
Vaginal System

248) Etonogestrel Implant 249) Everolimus Tablets

250) Exemestane Tablets 251) Famciclovir Tablets 252) Famotidine Chewable Tablets

253) Famotidine, Calcium Carbonate,
and Magnesium Hydroxide Tablets

254) Febuxostat Tablets 255) Fenofibrate Tablets

256) Fenofibric Acid Tablets 257) Fentanyl Lozenges 258) Ferric Sodium Gluconate Injection

259) Fexofenadine Hydrochloride Oral
Suspension

260) Fexofenadine Hydrochloride Orally
Disintegrating Tablets

261) Fluconazole for Oral Suspension

262) Fluconazole In Dextrose Injection 263) Fluconazole In Sodium Chloride In-
jection

264) Flunisolide Inhalation Aerosol

265) Flunisolide Nasal Spray 266) Fluocinolone Acetonide Intravitreal
Implant

267) Fluocinolone Acetonide Shampoo

268) Fluocinolone Acetonide, Hydro-
quinone and Tretinoin Cream

269) Fluorescein Sodium Injection 270) Fluorescein Sodium Ophthalmic So-
lution

271) Fluorometholone Ointment 272) Fluvastatin Sodium Extended-
Release Tablets

273) Fomepizole Injection

274) Formoterol Fumarate Inhalation
Powder

275) Formoterol Fumarate Inhalation
Solution

276) Fosaprepitant Dimeglumine for In-
jection

277) Foscarnet Sodium Injection 278) Fosfomycin for Oral Solution 279) Frovatriptan Succinate Tablets
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Small Molecules (Drug Products)—As of August 16, 2010 (Continued)

280) Gadobenate Dimeglumine Injec-
tion

281) Gadofosveset Trisodium Injection 282) Gadoxetate Disodium Injection

283) Galantamine Extended-Release
Capsules

284) Galantamine Oral Solution 285) Gallium Nitrate Injection

286) Ganciclovir Capsules 287) Ganciclovir Implant 288) Ganciclovir Ophthalmic Gel

289) Ganirelix Acetate Injection 290) Gatifloxacin Ophthalmic Solution 291) Glipizide Extended-Release Tablets

292) Guanidine Hydrochloride Tablets 293) Halobetasol Propionate Cream 294) Halobetasol Propionate Ointment

295) Haloperidol Decanoate Injection 296) Hydralazine Hydrochloride and
Hydrochlorothiazide Capsules

297) Hydrocodone Bitartrate and
Acetaminophen Capsules

298) Hydrocodone Bitartrate and
Acetaminophen Oral Solution

299) Hydrocodone Bitartrate and Ho-
matropine Methylbromide Syrup

300) Hydrocodone Bitartrate and Ibupro-
fen Tablets

301) Hydrocodone Polistirex 302) Hydrocodone Polistirex and Chlor-
pheniramine Polistirex Extended-Release
Capsules

303) Hydrocodone Polistirex and Chlor-
pheniramine Polistirex Extended-Release
Suspension

304) Hydrocortisone Acetate and
Pramoxine Hydrochloride Cream

305) Hydrocortisone Acetate and Pra-
moxine Hydrochloride Topical Aerosol

306) Hydrocortisone Acetate and Pro-
moxine Hydrochloride Lotion

307) Hydrocortisone Acetate and Urea
Cream

308) Hydrocortisone Acetate Dental
Paste

309) Hydrocortisone Acetate Rectal Foam
Aerosol

310) Hydrocortisone Butyrate Ointment 311) Hydrocortisone Probutate Cream 312) Hydromorphone Hydrochloride
Extended-Release Tablets

313) Ibandronate Sodium 314) Ibandronate Sodium Injection 315) Ibandronate Sodium Tablets

316) Ibuprofen and Pseudoephedrine
Hydrochloride Capsules

317) Ibuprofen and Pseudoephedrine
Hydrochloride Suspension

318) Ibuprofen Capsules

319) Ibuprofen Chewable Tablets 320) Ibutilide Fumarate Injection 321) Idarubicin Hydrochloride Injection

322) Ifosfamide Injection 323) Iloperidone Tablets 324) Iloprost Inhalation Solution

325) Imatinib Tablets 326) Imipramine Pamoate Capsules 327) Imiquimod Cream

328) Insoluble Prussian Blue Capsules 329) Iobenguane I 124 Injection 330) Iodine I 131 Tositumomab Injection

331) Iohexol Solution 332) Ipratropium Bromide Inhalation
Aerosol

333) Ipratropium Bromide Inhalation
Solution

334) Isosulfan Blue Injection 335) Isradipine Extended-Release Ta-
blets

336) Itraconazole Capsules

337) Itraconazole Oral Solution 338) Ketoconazole Cream 339) Ketoconazole Shampoo

340) Ketorolac Tromethamine Ophthal-
mic Solution

341) Ketotifen Fumarate Ophthalmic
Solution

342) Lacosamide Injection

343) Lacosamide Tablets 344) Lactulose for Oral Solution 345) Lamivudine Tablets

346) Lamotrigine Extended-Release
Tablets

347) Lamotrigine Orally Disintegrating
Tablets

348) Latanoprost Ophthalmic Solution

349) Lepirudin for Injection 350) Leucovorin Calcium for Injection 351) Levetiracetam Extended-Release
Tablets

352) Levetiracetam Injection 353) Levetiracetam Oral Solution 354) Levocetirizine Dihydrochloride Oral
Solution

355) Levocetirizine Dihydrochloride
Tablets

356) Levofloxacin Injection 357) Levofloxacin Ophthalmic Solution

358) Levofloxacin Tablets 359) Levonorgestrel Intrauterine System 360) Levonorgestrel Tablets

361) Levothyroxine Sodium Capsules 362) Lidocaine and Tetracaine Topical
Patch

363) Lidocaine Hydrochloride Ophthal-
mic Gel

364) Lidocaine Oral Transmucosal Sys-
tem

365) Lidocaine Transdermal System 366) Linezolid Injection

367) Linezolid Oral Suspension 368) Linezolid Tablets 369) Liothyronine Injection

370) Lodoxamide Ophthalmic Solution 371) Loperamide Hydrochloride and
Simethicone Chewable Tablets

372) Loperamide Hydrochloride and
Simethicone Tablets

373) Loperamide Hydrochloride Oral
Suspension

374) Lopinavir and Ritonavir Capsules 375) Loratadine Capsules

376) Loratadine Chewable Tablets 377) Loratadine Oral Suspension 378) Loteprednol Etabonate and Tobra-
mycin Ophthalmic Suspension

379) Loteprednol Etabonate Ophthal-
mic Suspension

380) Lubiprostone Capsules 381) Mannitol and Sorbitol Irrigation
Solution

382) Mannitol Irrigation 383) Melphalan for Injection 384) Memantine Hydrochloride Oral
Solution

385) Memantine Hydrochloride Tablets 386) Menthol and Methyl Salicylate
Transdermal System

387) Mepenzolate Bromide Tablets

388) Mequinol and Tretinoin Topical
Solution

389) Mesalamine Suppositories 390) Mesna Injection
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Small Molecules (Drug Products)—As of August 16, 2010 (Continued)

391) Mesna Tablets 392) Metaxalone Tablets 393) Methacholine Chloride for Inhala-
tion Solution

394) Methocarbamol and Aspirin Ta-
blets

395) Methoxsalen Injection 396) Methylnaltrexone Bromide Injection

397) Methylphenidate Hydrochloride
Chewable Tablets

398) Methylphenidate Transdermal
System

399) Metipranolol Ophthalmic Solution

400) Metoclopramide Hydrochloride
Orally Disintegrating Tablets

401) Metronidazole Cream 402) Metronidazole Extended-Release Ta-
blets

403) Metronidazole Hydrochloride for
Injection

404) Metronidazole Lotion 405) Metyrapone Capsules

406) Micafungin Sodium for Injection 407) Miconazole Nitrate Ointment 408) Midazolam Oral Suspension

409) Mifepristone Tablets 410) Milrinone Injection 411) Minocycline Hydrochloride Ex-
tended-Release Tablets

412) Misoprostol and Diclofenac So-
dium Tablets

413) Moexipril Hydrochloride and
Hydrochlorothiazide Tablets

414) Moexipril Hydrochloride Tablets

415) Mometasone Furoate Inhalation
Powder

416) Montelukast Chewable Tablets 417) Montelukast Oral Granules

418) Morphine Sulfate and Naltrexone
Hydrochloride Extended-Release
Capsules

419) Morphine Sulfate Liposome
Injection

420) Morphine Sulfate Oral Solution

421) Morphine Sulfate Tablets 422) Moxifloxacin Injection 423) Moxifloxacin Tablets

424) Mycophenolate Mofetil Oral
Solution

425) Nabilone Capsules 426) Nafcillin Sodium Injection

427) Nalbuphine Hydrochloride Injec-
tion

428) Naproxen Extended-Release Ta-
blets

429) Naproxen Sodium Capsules

430) Nebivolol Tablets 431) Nedocromil Sodium Ophthalmic
Solution

432) Nelarabine Injection

433) Nelfinavir Oral Powder 434) Nelfinavir Tablets 435) Neomycin Sulfate Oral Powder

436) Nepafenac Ophthalmic Suspen-
sion

437) Nesiritide for Injection 438) Niacin and Lovastatin Extended-
Release Tablets

439) Niacin and Simvastatin Extended-
Release Tablets

440) Nicardipine Hydrochloride Cap-
sules

441) Nicardipine Hydrochloride Ex-
tended-Release Capsules

442) Nicardipine Hydrochloride Injec-
tion

443) Nicotine Inhaler 444) Nicotine Metered-Dose Nasal Inha-
ler

445) Nicotine Polacrilex Lozenge 446) Nilutamide Tablets 447) Nisoldipine Extended-Release Ta-
blets

448) Nitazoxanide for Oral Suspension 449) Nitazoxanide Tablets 450) Nitisinone Capsules

451) Nitroglycerin Lingual Spray 452) Nizatidine Oral Solution 453) Nizatidine Tablets

454) Norelgestromin and Ethinyl Estra-
diol Transdermal System

455) Ofloxacin Otic Solution 456) Olanzapine for Extended-Release
Injectable Suspension

457) Olanzapine for Injection 458) Olanzapine Orally-Disintegrating
Tablets

459) Olopatadine Hydrochloride Nasal
Spray

460) Olsalazine Sodium Capsules 461) Omeprazole Delayed-Release
Tablets

462) Oxacillin Sodium Injection

463) Oxiconazole Cream 464) Oxiconazole Lotion 465) Oxycodone and Acetaminophen
Oral Solution

466) Oxycodone Hydrochloride and
Ibuprofen Tablets

467) Oxymorphone Hydrochloride
Extended-Release Tablets

468) Oxymorphone Hydrochloride Ta-
blets

469) Paclitaxel for Suspension 470) Paliperidone Extended-Release
Tablets

471) Palonosetron Capsules

472) Palonosetron Hydrochloride Injec-
tion

473) Pantoprazole Sodium for Delayed-
Release Suspension

474) Paricalcitol Capsules

475) Paroxetine Hydrochloride
Extended-Release Tablets

476) Paroxetine Mesylate Tablets 477) Paroxetine Oral Suspension

478) Peg 3350 for Oral Solution 479) Pemirolast Potassium Ophthalmic
Solution

480) Penciclovir Cream

481) Pentamidine Isethionate for Inha-
lation

482) Pentamidine Isethionate for Injec-
tion

483) Pentostatin for Injection

484) Perindopril Erbumine Tablets 485) Permethrin Lotion 486) Phendimetrazine Tartrate Extended-
Release Capsules

487) Phenylephrine Hydrochloride and
Chlorpheniramine Maleate Syrup

488) Phenylpropanolamine Hydrochlor-
ide and Guaifenesin Extended-Release
Tablets

489) Pilocarpine Hydrochloride Ophthal-
mic Gel
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Small Molecules (Drug Products)—As of August 16, 2010 (Continued)

490) Pioglitazone and Glimepiride
Tablets

491) Pioglitazone and Metformin Hy-
drochlorides Extended-Release Tablets

492) Pioglitazone and Metformin Hydro-
chlorides Tablets

493) Piperacillin and Tazobactam Injec-
tion

494) Piperonyl Butoxide and Pyrethrins
Aerosol Foam

495) Pirbuterol Acetate Inhalation Aerosol

496) Plerixafor Injection 497) Podofilox Gel 498) Podofilox Topical Solution

499) Poractant Alfa Suspension 500) Porfimer Sodium for Injection 501) Povidone-Iodine Gauze

502) Povidone-Iodine Ophthalmic Solu-
tion

503) Pramipexole Dihydrochloride
Extended-Release Tablets

504) Pramipexole Dihydrochloride Ta-
blets

505) Prednisolone Acetate Oral Suspen-
sion

506) Prednisolone Sodium Phosphate
Oral Solution

507) Prednisolone Sodium Phosphate
Orally Disintegrating Tablets

508) Progesterone Vaginal Gel 509) Propafenone Hydrochloride
Extended-Release Capsules

510) Propafenone Hydrochloride Tablets

511) Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Co-
deine Phosphate Oral Solution

512) Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Ibupro-
fen Oral Suspension

513) Pseudoephedrine Hydrochloride,
Chlorpheniramine Maleate, and Ibupro-
fen Tablets

514) Pseudoephedrine Hydrochloride,
Guaifenesin, and Codeine Phosphate
Oral Solution

515) Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Extended-
Release Tablets

516) Pseudoephedrine Sulfate and Dex-
brompheniramine Maleate Oral Solution

517) Pyridostigmine Bromide Ex-
tended-Release Tablets

518) Quetiapine Fumarate Extended-
Release Tablets

519) Quetiapine Fumarate Tablets

520) Quinapril and Hydrochlorothia-
zide Tablets

521) Ramipril Tablets 522) Ranitidine Effervescent Tablets for
Oral Solution

523) Rasagiline Tablets 524) Remifentanil for Injection 525) Ribavirin Oral Solution

526) Rifapentine Tablets 527) Risperidone Injection 528) Ritonavir Oral Solution

529) Ritonavir Tablets 530) Rivastigmine Tartrate Oral Solution 531) Rivastigmine Transdermal System

532) Rizatriptan Benzoate Orally-
Disintegrating Tablets

533) Rizatriptan Benzoate Tablets 534) Rocuronium Bromide Injection

535) Ropinirole Extended-Release Ta-
blets

536) Rosiglitazone and Metformin
Hydrochloride Tablets

537) Rosiglitazone Maleate and Glimepir-
ide Tablets

538) Salmeterol Xinafoate Inhalation
Powder

539) Sapropterin Dihydrochloride Ta-
blets

540) Saquinavir Mesylate Tablets

541) Selegiline Hydrochloride Capsules 542) Selegiline Hydrochloride Orally
Disintegrating Tablets

543) Sertaconazole Nitrate Cream

544) Sertraline Hydrochloride Oral
Solution

545) Sevelamer Carbonate for Oral
Suspension

546) Sevelamer Tablets

547) Sibutramine Hydrochloride Cap-
sules

548) Sildenafil Injection 549) Silodosin Capsules

550) Sirolimus Oral Solution 551) Sirolimus Tablets 552) Sodium Phenylbutyrate Oral Powder

553) Sodium Phenylbutyrate Tablets 554) Sodium Phosphates Tablets 555) Sodium Salicylate and Sulfur Sham-
poo

556) Sterile Talc Aerosol 557) Streptozocin for Injection 558) Sucralfate Oral Suspension

559) Sulconazole Nitrate Cream 560) Sulfacetamide Sodium and Pred-
nisolone Sodium Phosphate Ophthalmic
Solution

561) Sulfasalazine Oral Suspension

562) Sumatriptan Injection 563) Synthetic Conjugated Estrogens
Vaginal Cream

564) Tacrolimus Injection

565) Tacrolimus Ointment 566) Tazarotene Topical Cream 567) Tazarotene Topical Gel

568) Telmisartan and Amlodipine Ta-
blets

569) Temozolomide Capsules 570) Temozolomide for Injection

571) Temsirolimus Injection 572) Teniposide Injection 573) Terbinafine Gel

574) Terbinafine Hydrochloride Cream 575) Terbinafine Hydrochloride Oral
Granules

576) Terbinafine Hydrochloride Topical
Spray

577) Terbinafine Topical Solution 578) Terconazole Vaginal Cream 579) Terconazole Vaginal Suppositories

580) Testosterone Topical Gel 581) Testosterone Transdermal System 582) Tetrabenazine Tablets

583) Theophylline Elixir 584) Theophylline Extended-Release
Tablets

585) Tiagabine Hydrochloride Tablets

586) Tiludronic Acid Tablets 587) Tinidazole Tablets 588) Tioconazole Vaginal Ointment

589) Tiopronin Tablets 590) Tirofiban Injection 591) Tizanidine Capsules

592) Tolterodine Capsules 593) Tolterodine Tablets 594) Tolvaptan Tablets

595) Topotecan Capsules 596) Topotecan for Injection 597) Toremifene Tablets

598) Torsemide Injection 599) Trandolapril and Verapamil Hydro-
chloride Extended-Release Tablets

600) Tranexamic Acid Injection

601) Tranexamic Acid Tablets 602) Tretinoin Capsules 603) Tretinoin Microsphere Gel
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Small Molecules (Drug Products)—As of August 16, 2010 (Continued)

604) Trifluridine Ophthalmic Solution 605) Trimipramine Maleate Capsules 606) Triprolidine and Pseudoephedrine
Hydrochlorides and Codeine Phosphate
Syrup

607) Trospium Chloride Tablets 608) Trypan Blue Ophthalmic Solution 609) Valganciclovir for Oral Solution

610) Valproic Acid Delayed-Release
Capsules

611) Venlafaxine Extended-Release
Capsules

612) Vigabatrin for Oral Solution

613) Vigabatrin Tablets 614) Zafirlukast Tablets 615) Zanamivir for Inhalation

616) Zileuton Extended-Release Tablets 617) Zileuton Tablets 618) Zinc Acetate Capsules

619) Ziprasidone Capsules 620) Ziprasidone for Injection 621) Ziprasidone Oral Suspension

622) Zoledronic Acid for Injection 623) Zoledronic Acid Injection 624) Zolmitriptan Nasal Spray

625) Zolmitriptan Orally Disintegrating
Tablets

626) Zolmitriptan Tablets 627) Zolpidem Tartrate Oral Spray

INACTIVE INGREDIENTS.The following list contains
monographs USP is seeking for inactive ingredients. This
list has been updated as of August 16, 2010.

Monograph sponsors should consult the USP Guideline
for Submit t ing Requests for Rev is ion to USP–NF
at http://www.usp.org/USPNF/submitMonograph/sub
Guide.html.

For additional information, or for comments about the
list, contact Randy Kiser, MS, MBA, rwk@usp.org.

Inactive Ingredients—As of August 16, 2010

1) 1,2,6-Hexanetriol 2) Acetophenone 3) Acetylated Monoglycerides

4) Acetyltryptophan 5) Acrylic Acid and Octyl Acrylate
Copolymer

6) Aluminum Hydroxide

7) Ammonium Glycyrrhizate 8) Butyl Stearate 9) Calcium Pyrophosphate

10) Carmine 11) Carnauba Yellow Wax 12) Cassia Oil

13) Cedar Leaf Oil 14) Ceresin 15) Cinnamaldehyde

16) Cinnamon 17) Cinnamon Oil 18) Cysteine

19) Diatomaceous Earth 20) Diisopropyl Adipate 21) Dimethyl Phthalate

22) Dipropylene Glycol 23) D-Mannose 24) Ethylene and Vinyl Acetate Copoly-
mer

25) Eucalyptus Oil 26) Ferrosoferric Oxide 27) Glyceryl Palmitostearate

28) Hydrocarbon Gel 29) Invert Sugar 30) Isobutyl Alcohol

31) Isostearic Acid 32) Isostearyl Alcohol 33) Karaya Gum

34) Lactose Monohydrate–Cellulose,
Microcrystalline

35) Lanolin, Hydrogenated (aka Wool
Fat)

36) Lime Oil

37) Locust Bean Gum 38) Monosodium Citrate (aka Sodium
Citrate Monobasic)

39) Nutmeg Oil

40) Nutmeg Oil, Expressed 41) Phenethyl Alcohol 42) Phospholipid

43) Polyethylene 44) Polypropylene Glycol 45) Propenyl Guaethol

46) Sodium Carbonate Decahydrate 47) Sodium Caseinate 48) Sodium Lactate

49) Sodium Nitrate 50) Sodium Trimetaphosphate 51) Spearmint Oil

52) Stannous Chloride Anhydrous 53) Stearyl Citrate 54) Tetrafluoroethane

55) Tricaprylin (aka Glyceryl tricapry-
late)

56) Triolein (aka Glyceryl trioleate) 57) Tristearin (aka Glyceryl Tristearate)

58) Wheat Flour
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INTERIM REVISION
ANNOUNCEMENT

In this section readers will find the following:
� The list of new USP Reference Standards that have become available
� The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Stan-
dards
� Newly adopted (official) revisions to the USP–NF that become official before the official date of the next Supplement or
that were not ready for adoption by the closing date for the upcoming Supplement. (The official date for these revisions is
stated on the next page.)
� Errata

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

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

Where the symbols appear together with no enclosed text, such as .
., it means that text has been deleted and no new

text was proposed to replace it. In all revisions, the closing symbol is accompanied by an identifier that indicates the issue
of a given PF volume.

Errata—Errata are considered to be text, erroneously published in the USP–NF or its Supplements, that do not accurately
reflect the intended official requirements of the Council of Experts. At the end of the Interim Revision Announcement sec-
tion in this publication is a list of errata and corrections to the USP–NF. The page number indicates where the item is
found inUSP–NF. Errata lists are updated as necessary in each Pharmacopeial Forum and also appear on USP’s website
(www.usp.org). Errata lists will be cumulative in future Supplements, and the corrected text will appear in the next annual
edition of USP–NF.
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to USP 33 and to NF 28 REISSUE

By authority of the United States Pharmacopeial Convention, Inc.

Prepared by the Council of Experts and published by the Board of Trustees

Duane M. Kirking, Pharm.D., Ph.D.,
Chair, USP Board of Trustees,

USP Trustee At-Large

Roger L. Williams, M.D., Chief Executive Officer
and Chairman, USP Council of Experts

Susan de Mars, J.D., Chief Documentary Standards Officer and General Counsel
William F. Koch, Ph.D., FACB, Chief Standards Acquisition and Metrology Officer

Released November 1, 2010 Official December 1, 2010

Inquiries regarding USP–NF can be addressed to the USP Executive Secretariat, 12601 Twinbrook Parkway,
Rockville, MD 20852, USA (execsec@usp.org).
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New USP Reference Standards

The following USP Reference Standards, which were
not available when the associated monograph was made
official, have since become available. The respective offi-
cial date of each USP–NF standard, test, or assay requir-
ing the use of the following USP Reference Standards is
indicated in parentheses after the name of the Reference
Standard. Note that the official date is six months after
the notice of availability for this Reference Standard
was published in PF.

USP Amifostine RS (April 1, 2010)
USP Powdered Echinacea Pallida Extract RS (February 1, 2011)

Unavailable First-Time Official USP
Reference Standards

The official dates of any USP–NF standards, tests, or as-
says requiring the use of the following new USP Refer-
ence Standards are postponed until further notice
pending availability of the respective Reference Stan-
dards. This listing was updated as of Auguest 16, 2010.
Please refer to the current USP Catalog for a more up-to-
date availability list. The USP Catalog can be accessed on-
line at http://www.uspcatalog.com.

USP Acarbose RS
USP Acarbose System Suitability Mixture RS
USP Albumin Human RS
USP Alteplase RS
USP Amifostine Thiol RS
USP Antithrombin III Human RS
USP Aprotinin RS
USP Aprotinin System Suitability RS
USP Copolymer Polypropylene RS
USP Diethylstilbestrol Diphosphate RS
USP Eucatropine Hydrochloride RS
USP Gonadorelin Hydrochloride RS
USP Hemoglobin RS
USP Maritime Pine Extract RS
USP Menotropins RS
USP Sargramostim RS
USP Sincalide RS
USP Valrubicin Related Compound A RS
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Add the following:MONOGRAPHS (USP)
▲• B.  The retention time of the major peak of the Sample solu-

tion corresponds to that of the Standard solution, as obtained
in the Assay.▲USP33

ASSAY
. • PROCEDURE

Solution A:  Diethylamine and water (1:59). Adjust with phos-Vincristine Sulfate Injection
phoric acid to a pH of 7.5.

Mobile phase:  Methanol and Solution A (7:3)DEFINITION System suitability solution:  1 mg/mL each of USP VincristineVincristine Sulfate Injection is a sterile solution of Vincristine Sul- Sulfate RS and USP Vinblastine Sulfate RS in waterfate in Water for Injection. It contains NLT 90.0% and NMT Standard solution:  1 mg/mL of USP Vincristine Sulfate RS in110.0% of the labeled amount of vincristine sulfate water(C46H56N4O10 · H2SO4). Sample solution:  Nominally 1 mg/mL from the Injection in[CAUTION—Handle Vincristine Sulfate Injection with great care be- watercause it is a potent cytotoxic agent.] Chromatographic system
(See Chromatography 〈621〉, System Suitability.)IDENTIFICATION
Mode:  LC
Detector:  UV 297 nm

Change to read: Precolumn:  Porous silica gel packing
Guard column:  2- to 5-cm, packing L1
Column:   4.6-mm × 25-cm, packing L7• ▲A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST Flow rate:  1.5 mL/min〈201〉▲USP33 Injection size:  10 µLStandard solution:  10 mg/mL of USP Vincristine Sulfate RS in System suitabilitydichloromethane and methanol (3:1) Samples:  System suitability solution and Standard solutionSample solution:  Transfer a volume of Injection, equivalent to Suitability requirements2 mg of vincristine sulfate, to a small centrifuge tube. For Resolution:  NLT 4.0 between vincristine sulfate and vin-each mL of solution add 1 drop of ammonium hydroxide. Add blastine sulfate, System suitability solution0.2 mL of dichloromethane. Place the cap on the tube, shake Relative standard deviation:  NMT 2.0%, Standard solutionit vigorously for NLT 1 min, and centrifuge for 1 min. Care- Analysisfully withdraw the dichloromethane layer, and transfer to a Samples:  Standard solution and Sample solutionsmall stoppered vial. Calculate the percentage of the labeled amount of vincristineChromatographic system sulfate (C46H56N4O10 · H2SO4) in the portion of the Injection(See Chromatography 〈621〉, Thin-Layer Chromatography.) taken:Mode:  TLC

Adsorbent:  0.25-mm layer of chromatographic silica gel Result = (rU/rS) × (CS/CU) × 100
mixture

Application volume:  20 µL rU = peak response from the Sample solution
Developing solvent system:  Fresh ether, methanol, and me- rS = peak response from the Standard solution
thylamine solution (2 in 5) (19:2:1) CS = concentration of USP Vincristine Sulfate RS in the

Spray reagent:  Dissolve 2.0 g of ceric ammonium sulfate in Standard solution (mg/mL)
100 mL of water with heating and stirring, and slowly add CU = nominal concentration of vincristine sulfate in the
100 mL of phosphoric acid. Filter if necessary. Sample solution (mg/mL)

Analysis Acceptance criteria:  90.0%–110.0%
Samples:  Standard solution and Sample solution
Develop the chromatographic plate in a methanol prewash IMPURITIES
tank; for maximum sensitivity, dry it NMT 2 h before use. Organic Impurities
Score it about 15 cm above the points of application. Apply • PROCEDURE
the Standard solution and the Sample solution about 2.5 cm System suitability solution, Standard solution, and System
from the lower edge of the plate, and dry thoroughly (a suitability:  Proceed as directed in the Assay.
current of cool air may be used to help dry the spots). Place Solution A:  Diethylamine and water (3:197). Adjust with
the plate in the nonequilibrated developing chamber that phosphoric acid to a pH of 7.5.
contains a paper liner around the back and sides and Devel- Solution B:  Methanol
oping solvent system to a depth of 2 cm. Remove the plate Solution C:  Prepare a suitable dilution of any preservative
when the solvent moves to the scored line (about 80 min), present in the Injection, as identified in the labeling.
and discard the solvent system. Dry the plate in a fume Mobile phase:  See Table 1
hood at room temperature, heat on a metal plate on a
steam bath for 15 min, and spray the plate while still hot Table 1
with Spray reagent. Continue heating the plate for 15 min

Time Solution A Solution Bto stabilize the spots.
(min) (%) (%) Acceptance criteria:  The RF value and the color of the princi-

0 38 62pal spot from the Sample solution correspond to those from
the Standard solution. 12 38 62

27 8 92
29 38 62
34 38 62
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Sample solution A:  1 mg/mL of vincristine sulfate from the • USP REFERENCE STANDARDS 〈11〉
Injection in water USP Endotoxin RS

Sample solution B:  0.04 mg/mL in water from the Sample USP Vinblastine Sulfate RS [Note—No loss on drying determi-
solution A nation is needed.]

Chromatographic system:  Proceed as directed in the Assay, USP Vincristine Sulfate RS
except to use a flow rate of 2 mL/min and an injection size
of 200 µL.

Analysis
.Samples:  Solution C, Sample solution A, and Sample solution

B Vincristine Sulfate for Injection
Calculate the percentage of each impurity in the portion of
Injection taken: DEFINITION

Vincristine Sulfate for Injection is a sterile mixture of Vincristine
Result = [ri/(Σri + 25rv)] × 100 Sulfate with suitable diluents. It contains NLT 90.0% and NMT

110.0% of the labeled amount of vincristine sulfateri = peak response of each impurity from the Sample (C46H56N4O10 · H2SO4).solution A [CAUTION—Handle Vincristine Sulfate for Injection with great carerv = peak response of vincristine from the Sample so- because it is a potent cytotoxic agent.]lution B
Calculate the percentage of total impurities in the portion of IDENTIFICATION
Injection taken:

Change to read:Result = [(Σri/(Σri + 25rv)] × 100

The terms in the formula are as defined above.
• ▲A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TESTAcceptance criteria:  See  Table 2.

〈201〉▲USP33

Standard solution:  10 mg/mL of USP Vincristine Sulfate RS in
Table 2 dichloromethane and methanol (3:1)
Relative Acceptance Sample stock solution:  25 mg/mL of vincristine sulfate from

Retention Criteria, Injection in water
Name Time NMT (%) Sample solution:  10 mg/mL of vincristine sulfate from Sample

stock solution in methanolVincristine 1.0 —
Chromatographic systemN-Desformylvincristine 1.4 ± 0.1 3.0
 (See Chromatography 〈621〉, Thin-Layer Chromatography.)

Any other individual im- — 2.0 Mode:  TLC
purity Adsorbent:  0.25-mm layer of chromatographic silica gel

Total impurities — 6.0 mixture
Application volume:  20 µL[NOTE—Make a suitable dilution of any preservative present in the Developing solvent system:  Fresh ether, methanol, and me-Injection as identified in the labeling and determine the retention thylamine solution (2 in 5) (19:2:1)time. Disregard any peaks at these retention times for the calcula- Spray reagent:  Dissolve 2.0 g of ceric ammonium sulfate intions of any other individual impurity and total impurities.] 100 mL of water with heating and stirring, and slowly add
100 mL of phosphoric acid. Filter if necessary.SPECIFIC TESTS

Analysis:  Develop blank plate in a methanol prewash tank; for• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 62.5 USP
maximum sensitivity, dry it NMT 2 h before use. Score itEndotoxin Units/mg of vincristine sulfate.
about 15 cm above the points of application. Apply the Sam-• PH 〈791〉:  3.5–5.5
ple solution and the Standard solution at points about 2.5 cm• STERILITY TESTS 〈71〉:  Meets the requirements
from the lower edge of the plate, and dry thoroughly (a cur-• OTHER REQUIREMENTS:  It meets the requirements under Injec-
rent of cool air may be used to help dry the spots). Place thetions 〈1〉, Labeling.
plate in the nonequilibrated developing chamber that contains
a paper liner around the back and sides and Developing solventADDITIONAL REQUIREMENTS
system to a depth of about 2 cm. Remove the plate when the• PACKAGING AND STORAGE:  Preserve in light-resistant glass con-
solvent moves to the scored line (about 80 min), and discardtainers and store in a refrigerator.
the solvent system. Dry the plate in a fume hood at room
temperature, heat on a metal plate on a steam bath for about

Change to read: 15 min, and spray the plate while still hot with Spray reagent.
Continue heating the plate for 15 min to stabilize the spots.

Acceptance criteria:  The RF value and the color of the princi-• LABELING:  •The label states: “For Intravenous Use Only—Fatal
pal spot from the Sample solution correspond to those fromIf Given By Other Routes.”•6 the Standard solution.Where labeled as containing more than 2 mg, it must also be

labeled as a Pharmacy Bulk Package (see Injections 〈1〉). The
labeling directs that the drug be dispensed only in containers Add the following:
enclosed in an overwrap labeled as directed below. When
packaged in a Pharmacy Bulk Package, it is exempt from the

▲• B.  The retention time of the major peak of the Sample solu-requirement under Injections 〈1〉 that the closure be pene-
tion corresponds to that of the Standard solution, as obtainedtrated only one time after constitution with a suitable sterile
in the Assay.▲USP33transfer device or dispensing set, when it contains a suitable

substance or mixture of substances to prevent the growth of
ASSAYmicroorganisms.
• PROCEDUREWhen dispensed, the container or syringe (holding the indi-

Solution A:  Diethylamine and water (1:59). Adjust with phos-vidual dose prepared for administration to the patient) must
phoric acid to a pH of 7.5.be enclosed in an overwrap bearing the statement: “Do Not

Mobile phase:  Methanol and Solution A (70:30)Remove Covering Until Moment of Injection. •For Intrave-
System suitability solution:  1 mg/mL each of USP Vincristinenous Use Only—Fatal If Given By Other Routes.”•6
Sulfate RS and USP Vinblastine Sulfate RS in water
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Standard solution:  1 mg/mL of USP Vincristine Sulfate RS in V = final volume of the Sample solution
water F = unit conversion factor, 0.001 mg/µg

Sample solution:  1 mg/mL of vincristine sulfate (from the Acceptance criteria:  Meets the requirements for solids
Vincristine Sulfate for Injection) in water. [NOTE—Shake to

IMPURITIESmix.]
Organic ImpuritiesChromatographic system
• PROCEDURE(See Chromatography 〈621〉, System Suitability.)

Solution A:  Diethylamine and water (3:197). Adjust withMode:  LC
phosphoric acid to a pH of 7.5.Detector:  UV 297 nm

Solution B:  MethanolPre-column:  Porous silica gel packing
Mobile phase:  See Table1.Guard column:  2- to 5-cm, packing L1

Column:  4.6-mm × 25-cm, packing L7
Flow rate:  1.5 mL/min Table 1
Injection size:  10 µL

Time Solution A Solution BSystem suitability
 (min)  (%)  (%) Samples:  System suitability solution and Standard solution

0 38 62Suitability requirements
12 38 62Resolution:  NLT 4.0 between vincristine sulfate and vin-

blastine sulfate, System suitability solution. [NOTE—For a 27 8 92
particular column, the resolution may be increased by in- 29 38 62
creasing the proportion of water in the Mobile phase.] 34 38 62

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis System suitability solution, Standard solution, and System
Samples:  Standard solution and Sample solution suitability:  Proceed as directed in the Assay.
Calculate the percentage of the labeled amount of vincristine Sample solution A:  1 mg/mL of vincristine sulfate from Vin-
sulfate (C46H56N4O10 · H2SO4) in the portion of Vincristine Sul- cristine Sulfate for Injection in water
fate for Injection taken: Sample solution B:  0.04 mg/mL of vincristine sulfate from

Sample solution A
Result = (rU/rS) × (CS/CU) × 100 Chromatographic system:  Proceed as directed in the Assay,

except to use a flow rate of 2 mL/min and an injection sizerU = peak response from the Sample solution of 200 µL.rS = peak response from the Standard solution AnalysisCS = concentration of USP Vincristine Sulfate RS in the Samples:  Sample solution A and Sample solution BStandard solution (mg/mL) Calculate the percentage of each impurity in the portion ofCU = nominal concentration of vincristine sulfate in the Vincristine Sulfate for Injection taken:Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0% Result = [ri/(Σri + 25rv)] × 100

PERFORMANCE TESTS ri = peak response of each impurity appearing after• UNIFORMITY OF DOSAGE UNITS, Content Uniformity 〈905〉 the solvent peak from Sample solution ABuffer solution:  Dissolve 6.3 g of ammonium formate in rv = peak response of vincristine from Sample solutionabout 900 mL of water, adjust with formic acid to a pH of 5.0 Bwhile stirring, and dilute with water to 1000 mL. Calculate the percentage of total impurities in the portion ofStandard solution:  40 µg/mL of USP Vincristine Sulfate RS in Vincristine Sulfate for Injection taken:Buffer solution
Sample solution:  Between 40 and 50 µg/mL of vincristine Result = [Σri/(Σri + 25rv)] × 100
sulfate in Buffer solution. [NOTE—Dissolve the contents of 1
container of Vincristine Sulfate for Injection in a suitable vol- The terms in the formula are as defined above.
ume of Buffer solution.] Acceptance criteria

Instrumental conditions Individual impurities:  NMT 2.0%
(See Spectrophotometry and Light-Scattering 〈851〉.) Total impurities:  NMT 5.0%
Mode:  UV
Cell:  1 cm SPECIFIC TESTS
Absorbance:  262 nm • STERILITY TESTS 〈71〉:  Meets the requirements
Blank:  Buffer solution • BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 100.0 USP

Analysis Endotoxin Units/mg of vincristine sulfate.
Samples:  Standard solution and Sample solution • CONSTITUTED SOLUTION:  At the time of use, it meets the re-
Calculate the quantity, in mg, of C46H56N4O10 · H2SO4 in the quirements for Injections 〈1〉, Constituted Solutions.
container of Vincristine Sulfate for Injection taken: • OTHER REQUIREMENTS:  It meets the requirements for Injections

〈1〉, Labeling.
Result = (AU/AS) × CS × V × F

ADDITIONAL REQUIREMENTS
AU = absorbance of the Sample solution • PACKAGING AND STORAGE:  Preserve as described in Injections
AS = absorbance of the Standard solution 〈1〉, Containers for Sterile Solids, and store in a refrigerator.
CS = concentration of USP Vincristine Sulfate RS in the

Standard solution (µg/mL)
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When dispensed, the container or syringe (holding the indi-Change to read:
vidual dose prepared for administration to the patient) must
be enclosed in an overwrap bearing the statement, “Do Not

• LABELING:  •The label states, “For Intravenous Use Only—Fatal Remove Covering Until Moment of Injection. •For Intrave-
If Given By Other Routes”.•6 nous Use Only—Fatal If Given By Other Routes.”•6

Where labeled as containing more than 2 mg, it must also be • USP REFERENCE STANDARDS 〈11〉
labeled as a Pharmacy Bulk Package (see Injections 〈1〉). The USP Endotoxin RS
labeling directs that the drug be dispensed only in containers USP Vinblastine Sulfate RS [Note—No loss on drying determi-
enclosed in an overwrap labeled as directed below. When nation is needed for USP Vinblastine Sulfate RS.]
packaged in a Pharmacy Bulk Package, it is exempt from the USP Vincristine Sulfate RS
requirement under Injections 〈1〉 that the closure be pene-
trated only one time after constitution with a suitable sterile
transfer device or dispensing set, when it contains a suitable
substance or mixture of substances to prevent the growth of
microorganisms.

2010 The United States Pharmacopeial Convention All Rights Reserved.
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ERRATA

Following is a list of errata and corrections to USP 32–NF 27, its Supplements, USP 33–NF 28 Reissue, and its Supplements. The page
number indicates where the item is found and in which official or pending official publication of USP–NF. As necessary, this list will be
updated each month with the posting of monthly errata reports on www.usp.org/USPNF/newOfficialText/ and in every issue of PF. This
information will also be available as a cumulative table in future Supplements and will appear in its corrected form in a future annual
edition of USP–NF. An erratum consists of content erroneously published that does not accurately reflect the intended official or ef-
fective requirements as approved by the Council of Experts. USP staff is available to respond to questions regarding the accuracy of a
particular requirement; please call 1-800-822-USPC.

USP32–NF27
Page

Title Section Description

1319 Polysorbate 20 Identification Delete test C, added erroneously by erratum correction, pub-
lished in Pharmacopeial Forum 36(4), [July–Aug. 2010]

1779 Capsicum
Oleoresin

Assay Line 7 under Procedure: Change
‘‘(CP / W)(rU / rS)
in which C is the concentration,’’
to:
V (CP / W)(rU / rS)
in which V is the volume, in mL, of the Assay preparation; C is the
concentration,

2973 Metronidazole
Tablets

Identification Change ‘‘A: To a portion of powdered Tablets, equivalent to
about 300 mg of metronidazole, add 20 mL of dilute hydrochlor-
ic acid (1 in 100), shake for several minutes, and filter: suitable
aliquots of the filtrate respond to Identification test B under Me-
tronidazole.’’
to:
A: Ultraviolet Absorption h197Ui
Sample solution: 15 mg/mL of metronidazole from powdered
Tablets in dilute hydrochloric acid (1:100). Shake for several min-
utes and filter.

Second Supplement to USP32–NF27
4198 Lycopene

Preparation
Content of lycopene Lines 12–15 under Test for solid preparations: Change ‘‘Shake vig-

orously. Add 100 mL of diethyl ether, and shake vigorously. Dilute
with diethyl ether to volume, shake vigorously, and allow to
stand until the solid has settled.’’
to:
Shake vigorously, and allow to stand until the solid has settled.

4220 Azithromycin for
Injection

Assay Line 12 under Chromatographic system: Change ‘‘Chromato-
graph the Standard solution, and record the peak responses’’
to:
Chromatograph the Standard preparation, and record the peak
responses

4270 Ondansetron Tablets Identification A Line 11 under Test specimen: Change ‘‘bands at 1681, 1481,
1281, and 758 cm–1’’
to:
bands 1621, 1481, 1281, and 758 cm–1

U S P 3 3 –
NF28
Reissue
Page

Title CATEGORY
Section

Description

R-490 K e t o p r o f e n E x -
tended-Release Cap-
sules

PERFORMANCE TESTS
Dissolution h711i

Line 13 under Analysis: Change ‘‘Result = D + �R 6 100/L’’
to:
Result = (D + �R) 6 100/L

R-512 Nateglinide ASSAY
Procedure

Line 1 under Mobile phase: Change ‘‘Methanol and Solution A
(1:1)’’
to:
Methanol and Buffer (1:1)

R-522 Oseltamivir
Phosphate Capsules

ASSAY
Procedure

Line 2 under Sample solution: Change ‘‘1 mg of oseltamivir per
mL’’
to:
1 mg of oseltamivir phosphate per mL

R-538 Sertraline
Hydrochloride

SPECIFIC TESTS
Limit of (R,R) Sertraline
Hydrochloride

Line 5 under Chromatographic system: Change ‘‘Column: 4.6-
mm 6 25-cm; 5-mm packing L51’’
to:
Column: 4.6-mm 6 25-cm; 5-mm packing L40
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U S P 3 3 –
NF28
Reissue
Page

Title CATEGORY
Section

Description

First Supplement to the USP33–NF28 Reissue
R-864 Sucrose Stearate IMPURITIES

Inorganic Impurities:
Fats and Fixed Oils,
Acid Value h401i

Line 1: Change ‘‘NMT 6.0%, determined’’
to:
NMT 6, determined

R-878 Cetrizine
Hydrochloride

IMPURITIES
Organic Impurities:
Procedure 2

Line 2 under Solution A: Change ‘‘and 3 g/L of monobasic so-
dium phosphate in water’’
to:
and 3 g/L of monobasic sodium phosphate monohydrate in
water

R-921 Irinotecan
Hydrochloride

IMPURITIES
Organic Impurities:
Procedure 1: Limit of
Irinotecan Hydrochlo-
ride Enantiomer

Line 4 under Chromatographic system: Delete
‘‘Autosampler temperature: 158’’

R-999 Ziprasidone
Hydrochloride

IMPURITIES
Organic Impurities:
Procedures 2 and 3

Invert the molecular ratio in five equations from
‘‘Result = (rU/rS) 6 (CS/CU) 6 (Mr1/Mr2) 6 100’’
to:
Result = (rU/rS) 6 (CS/CU) 6 (Mr2/Mr1) 6 100

Second Supplement to the USP33–NF28 Reissue
R-1295 Description and

Solubility
Maltose Line 3: Change ‘‘Very soluble in ethanol’’

to:
Very slightly soluble in ethanol

R-1396 Cefdinir Capsules IMPURITIES
Organic Impurities:
Procedure

Last row of Impurity Table 1: Change ‘‘Total unspecified impu-
rities’’
to:
Total unidentified impurities

R-1458 Ondansetron Tab-
lets

IDENTIFICATION
Test A

Line 2 under Acceptance criteria: Change ‘‘1681, 1481, 1281,
and 758 cm–1’’
to:
1621, 1481, 1281, and 758 cm–1

R-1483 Valsartan and
Hydrochlorothiazide
Tablets

PERFORMANCE TESTS
Uniformity of Dosage
Units h905i

Line 2 under Analysis: Change ‘‘Calculate the percentage of
C24H29N5O3 and C7H8ClN3O4S2 in the portion of Tablets taken:
Result = (rU/rS) 6 (CS/CU) 6 L’’
to:
Calculate the percentage of valsartan (C24H29N5O3) and
hydrochlorothiazide (C7H8ClN3O4S2) in the Tablet taken:
Result = (rU/rS) 6 (CS/CU) 6 100
Delete the definition for variable L.
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PROPOSED
INTERIM REVISION
ANNOUNCEMENTS

This section includes proposals for Interim Revision Announcements (IRAs) that will be published as official USP or NF
standards. There is a 60-day comment period for these proposals, beginning on the 15th of the first month of this
Pharmacopeial Forum. The approved official text will be published in a future Pharmacopeial Forum and additionally in
the ‘‘New Official Text’’ section of USP’s web site (www.usp.org). Readers should review material in this section and
provide comments to the Scientific Liaison (use the Staff Directory to find the contact information). Information on
how to comment is found in the Policies and Announcements section. It is important to send comments promptly so that
the Expert Committee members can consider readers’ input as they are deciding whether to advance standards to official
status.

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

BRIEFING

General Notices and Requirements, USP 33 Reissue page
R-3 and page 56 of PF 36(1) [Jan.–Feb. 2010]. It is proposed to
revise the existing section 10.40.50 of the USP General Notices
and Requirements (General Notices) pertaining to the pregnancy
and lactation statement for botanical-containing products. The
USP Dietary Supplements Expert Committee decided to pro-
vide more flexibility in making monograph-specific recommen-
dations. Although the second paragraph of the introduction in
the General Notices states that the requirements of an individual
monograph supersede the requirements of the General Notices,
this revision is intended to add clarity to the text of the specific
section.

Monograph revisions are proposed elsewhere in this issue of
PF to provide an exemption from the requirements of the Gen-
eral Notices, section 10.40.50. Labeling Botanical-Containing
Products, pertaining to the pregnancy and lactation statement
for the following articles: Chamomile, Cranberry Liquid Prepa-
ration, Ginger, Powdered Ginger, Ginger Capsules, and Ginger
Tincture. Exemption from the requirements of section 10.40.50
pertaining to the pregnancy and lactation statement was also
proposed by the Committee for the Centella asiatica and Pow-
dered Centella asiatica monographs. These last two mono-
graphs were recently proposed in PF 36(4), and the
Committee also welcomes comments on these articles.

(DS: N. Sarma.) RTS—C90623

Change to read:

2. OFFICIAL STATUS AND LEGAL RECOGNITION

2.10. Official Text
Official text is text contained in USP and NF, including mono-

graphs, general chapters, and these General Notices. Revisions
to official text are provided in Supplements, Interim Revision An-
nouncements, and Revision Bulletins. General chapters num-
bered from 1000 to 1999 are considered interpretive and are
intended to provide information on, give definition to, or de-
scribe a particular subject. They contain no mandatory require-
ments applicable to any official article unless specifically
referenced in these General Notices, a monograph, or a general
chapter numbered below 1000. General chapters numbered
above 2000 apply only to articles that are intended for use as
dietary ingredients and dietary supplements.

2.20. Official Articles
An official article is an article that is recognized in USP or NF.

An article is deemed to be recognized and included in a com-
pendium when a monograph for the article is published in the
compendium and an official date is generally or specifically as-
signed to the monograph.

The title specified in a monograph is the official title for such
article. Other names considered to be synonyms of the official
titles may not be used as substitutes for official titles.

Official articles include both official substances and official
products. An official substance is a drug substance, excipient, di-
etary ingredient, other ingredient, or component of a finished
device for which the monograph title includes no indication of
the nature of the finished form.

An official product is a drug product, dietary supplement,
compounded preparation, or finished device for which a
monograph is provided.

2.30. Legal Recognition
The USP and NF are recognized in the laws and regulations of

many countries throughout the world. Regulatory authorities
may enforce the standards presented in the USP and NF, but
because recognition of the USP and NF may vary by country,
users should understand applicable laws and regulations. More
information about the legal status of the USP and NF is provided
in the Mission and Preface.

~

In the United States under under the Federal Food,

Drug, and Cosmetic Act (FDCA), both USP and NF are re-

cognized as official compendia. A drug with a name re-

cognized in USP–NF must comply with compendial

identity standards or be deemed adulterated, mis-

branded, or both. To avoid being deemed adulterated,

such drugs must also comply with compendial standards

for strength, quality, and purity, unless labeled to show all

respects in which the drug differs. See, e.g., FDCA Sec-

tions 501(b) and 502(e)(3)(b); see also FDA regulations,

21 CFR 299.5. In addition, to avoid being deemed mis-

branded, drugs recognized in USP–NF must also be pack-

aged and labeled in compliance with compendial

standards, FDCA Section 502(g).

A dietary supplement represented as conforming to

specifications in USP will be deemed a misbranded food

if it fails to so conform. FDCA Section 403(s)(2)(D).

Enforcement of USP standards is the responsibility of

FDA and other government authorities in the U.S. and

elsewhere. USP has no role in enforcement.~USP34

Change to read:

3. CONFORMANCE TO STANDARDS

3.10. Applicability of Standards
Standards for an article recognized in a USP compendium are

expressed in the article’s monograph, applicable general chap-
ters, and General Notices. Unless specifically exempted else-
where in a compendium, the identity, strength, quality, and
purity of an article are determined by the official tests, proce-
dures, and acceptance criteria, whether incorporated in the
monograph itself, in the General Notices, or in the applicable
general chapters.

~

Early adoption of revised standards is allowed. Where

revised standards for an existing article have been pub-

lished but are not yet official, compliance with the re-
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vised standard shall not preclude a finding or indication

of conformance with USP official standards, unless USP

deems a revision inappropriate for early adoption.~USP34

The standards in the relevant monograph, general chap-
ter(s), and General Notices apply at any time

~

all times~USP34

in the life of the article from production to expiration. The man-
ufacturer’s specifications, and good manufacturing practices
generally

~

(including, e.g., Quality By Design initiatives),~USP34

are developed and followed to ensure that the article will com-
ply with compendial standards until its expiration date, when
stored as directed. Thus, any official article tested as directed
in the relevant monograph shall comply.

~

(by the manufacturer, consistent with any applicable

standards). Thus, any official article is expected to meet

the compendial standards if tested, and any official arti-

cle actually tested as directed in the relevant monograph

m u s t m e e t s u c h s t a n d a r d s t o d e m o n s t r a t e

compliance.~USP34

At times, compendial standards take on the character of sta-
tistical procedures, with multiple units involved and perhaps a
sequential procedural design to allow the user to determine
that the tested article meets or does not meet the standard.
The similarity to statistical procedures may seem to suggest
an intent to make inference to some larger group of units,
but in all cases, statements about whether the compendial stan-
dard is met apply only to the units tested. Repeats, replicates,
statistical rejection of outliers, or extrapolations of results to lar-
ger populations, as well as the necessity and appropriate fre-
quency of batch testing, are neither specified nor proscribed
by the compendia. First-party (manufacturer), second-party
(buyer), or third-party (regulator) compliance testing may or
may not require examination of additional specimens, in accor-
dance with predetermined guidelines or sampling strategies.

~

Frequency of testing and sampling are left to the prefer-

ences or direction of those performing compliance test-

ing, and other users of USP-NF, including manufacturers,

buyers, or regulatory authorities.~USP34

Official products other than dietary supplements are pre-
pared

~

according to recognized principles of good manufac-

turing practice and~USP34

from ingredients that meet USP or NF standards, where stan-
dards for such ingredients exist.

Official substances are prepared according to recognized
principles of good manufacturing practice and from ingredi-
ents complying with specifications designed to ensure that
the resultant substances meet the requirements of the compen-
dial monographs.

3.10.10. Applicability of Standards to Drug Products,
Drug Substances, and Excipients

The applicable USP or NF standard applies to any article mar-
keted in the United States that (1) is recognized in the compen-
dium and (2) is intended or labeled for use as a drug or as an
ingredient in a drug. The applicable standard applies to such
articles whether or not the added designation ‘‘USP’’ or ‘‘NF’’
is used. The standards apply equally to articles bearing the offi-
cial titles or names derived by transposition of the definitive
words of official titles or transposition in the order of the names
of two or more active ingredients in official titles,

~or where there is use of synonyms with the intent or ef-

fect of suggesting a significant degree of identity with

the official title or name.~USP34

3.10.20. Applicability of Standards to Medical Devices,
Dietary Supplements, and Their Components and In-
gredients

An article recognized in USP or NF shall comply with the com-
pendial standards if the article is a medical device, component
intended for a medical device, dietary supplement, dietary in-
gredient, or other ingredient that is intended for incorporation
into a dietary supplement, and is labeled as conforming to the
USP or NF.

Generally, dietary supplements are prepared from ingredi-
ents that meet USP, NF, or Food Chemicals Codex standards.
Where such standards do not exist, substances may be used
in dietary supplements if they have been shown to be of accept-
able food grade quality using other suitable procedures.

3.20. Indicating Conformance
A drug product, drug substance, or excipient may use the

designation ‘‘USP’’ or ‘‘NF’’ in conjunction with its official title
or elsewhere on the label only when (1) a monograph is pro-
vided in the specified compendium and (2) the article complies
with the identity prescribed in the specified compendium.

When a drug product, drug substance, or excipient differs
from the relevant USP or NF standard of strength, quality, or pu-
rity, as determined by the application of the tests, procedures,
and acceptance criteria set forth in the relevant compendium,
its difference shall be plainly stated on its label.

When a drug product, drug substance, or excipient fails to
comply with the identity prescribed in USP or NF or contains
an added substance that interferes with the prescribed tests
and procedures, the article shall be designated by a name that
is clearly distinguishing and differentiating from any name re-
cognized in USP or NF.

A medical device, dietary supplement, or ingredient or com-
ponent of a medical device or dietary supplement may use the
designation ‘‘USP’’ or ‘‘NF’’ in conjunction with its official title
or elsewhere on the label only when (1) a monograph is pro-
vided in the specified compendium and (2) the article complies
with the monograph standards and other applicable standards
in the compendium.

The designation ‘‘USP’’ or ‘‘NF’’ on the label may not and
does not constitute an endorsement by USP and does not re-
present assurance by USP that the article is known to comply
with the relevant standards. USP may seek legal redress if an ar-
ticle purports to be or is represented as an official article in one
of USP’s compendia and such claim is determined by USP not to
be made in good faith.

The designation ‘‘USP–NF’’ may be used on the label of an
article provided that the label also bears a statement such as
‘‘Meets NF standards as published by USP,’’ indicating the par-
ticular compendium to which the article purports to apply.

When the letters ‘‘USP,’’ ‘‘NF,’’ or ‘‘USP–NF’’ are used on the
label of an article to indicate compliance with compendial stan-
dards, the letters shall appear in conjunction with the official
title of the article. The letters are not to be enclosed in any sym-
bol such as a circle, square, etc., and shall appear in capital let-
ters.
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If a dietary supplement does not comply with all applicable
compendial requirements but contains one or more dietary in-
gredients or other ingredients that are recognized in USP or NF,
the individual ingredient(s) may be designated as complying
with USP or NF standards or being of USP or NF quality provided
that the designation is limited to the individual ingredient(s)
and does not suggest that the dietary supplement complies
with USP standards.

Change to read:

4. MONOGRAPHS AND GENERAL CHAPTERS

4.10. Monographs
Monographs set forth the article’s name, definition, specifica-

tion, and other requirements related to packaging, storage,
and labeling. The specification consists of tests, procedures,
and acceptance criteria that help ensure the identity, strength,
quality, and purity of the article. For general requirements relat-
ing to specific monograph sections, see section 5, Monograph
Components.

Because monographs may not provide standards for all rele-
vant characteristics, some official substances may conform to
the USP or NF standard but differ with regard to nonstandar-
dized properties that are relevant to their use in specific pre-
parations. To assure interchangeability in such instances, users
may wish to ascertain functional equivalence or determine such
characteristics before use.

4.10.10. Applicability of Test Procedures
A single monograph may include several different tests, pro-

cedures, and/or acceptance criteria that reflect attributes of dif-
ferent manufacturers’ articles. Such alternatives may be
presented for different polymorphic forms, impurities, hy-
drates, and dissolution cases. Monographs indicate the tests,
procedures, and/or acceptance criteria to be used and the re-
quired labeling.

~

A test in a monograph may contain and require multiple

procedures. However, multiple procedures may be in-

cluded in particular monographs specifically for the pur-

pose of assuring the availability of an appropriate

procedure for a particular product. In such cases, a label-

ing statement to indicate the appropriate application of

the procedure(s) will be included in the monograph. A

labeling statement is not required if Test 1 is used.~USP34

4.10.20. Acceptance Criteria
The acceptance criteria allow for analytical error, for unavoid-

able variations in manufacturing and compounding, and for
deterioration to an extent considered acceptable under practi-
cal conditions. The existence of compendial acceptance criteria
does not constitute a basis for a claim that an official substance
that more nearly approaches 100 percent purity ‘‘exceeds’’
compendial quality. Similarly, the fact that an article has been
prepared to tighter criteria than those specified in the mono-
graph does not constitute a basis for a claim that the article ‘‘ex-
ceeds’’ the compendial requirements.

An official product shall be formulated with the intent to pro-
vide 100 percent of the quantity of each ingredient declared on
the label. Where the minimum amount of a substance present
in a dietary supplement is required by law to be higher than the
lower acceptance criterion allowed for in the monograph, the
upper acceptance criterion contained in the monograph may
be increased by a corresponding amount.

The acceptance criteria specified in individual monographs
and in the general chapters for compounded preparations are
based on such attributes of quality as might be expected to
characterize an article compounded from suitable bulk drug
substances and ingredients, using the procedures provided or
recognized principles of good compounding practice, as de-
scribed in these compendia.

4.20. General Chapters
Each general chapter is assigned a number that appears in

angle brackets adjacent to the chapter name (e.g., Chromatog-
raphy h621i). General chapters may contain the following:
� Descriptions of tests and procedures for application

through individual monographs,
� Descriptions and specifications of conditions and practices

for pharmaceutical compounding,
� General information for the interpretation of the compen-

dial requirements,
� Descriptions of general pharmaceutical storage, dispens-

ing, and packaging practices, or
� General guidance to manufacturers of official substances

or official products.
When a general chapter is referenced in a monograph, ac-

ceptance criteria may be presented after a colon.
Some chapters may serve as introductory overviews of a test

or of analytical techniques. They may reference other general
chapters that contain techniques, details of the procedures,
and, at times, acceptance criteria.

Change to read:

5. MONOGRAPH COMPONENTS

5.10. Molecular Formula
The use of the molecular formula for the active ingredient(s)

named in defining the required strength of a compendial article
is intended to designate the chemical entity or entities, as given
in the complete chemical name of the article, having absolute
(100 percent) purity.

5.20. Added Substances, Excipients, and Ingredients

~

Added~USP34

substances are regarded as

~

presumed to be~USP34

unsuitable for inclusion in an official article and therefore pro-
hibited, unless

~

if~USP34

: (1) they do not

~

~USP34
exceed the minimum quantity required for providing their in-
tended effect; (2) their presence does not impair

~

impairs~USP34

the bioavailability, therapeutic efficacy, or safety of the official
article; and

~or~USP34

(3) they do not

~

~USP34

interfere with the assays and tests prescribed for determining
compliance with the compendial standards.

The air in a container of an official article may, where appro-
priate, be evacuated or be replaced by carbon dioxide, helium,
argon, or nitrogen, or by a mixture of these gases. The use of
such gas need not be declared in the labeling.

Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] PROPOSED IRA 1479

#2010 The United States Pharmacopeial Convention All Rights Reserved.

P
roposed

IR
A



5.20.10. Added Substances, Excipients, and Ingredients
in Official Substances

Official substances may contain only the specific added sub-
stances that are permitted by the individual monograph. Where
such addition is permitted, the label shall indicate the name(s)
and amount(s) of any added substance(s).

5.20.20. Added Substances, Excipients, and Ingredients
in Official Products

Suitable substances and excipients such as antimicrobial
agents, pharmaceutical bases, carriers, coatings, flavors, preser-
vatives, stabilizers, and vehicles may be added to an official pro-
duct to enhance its stability, usefulness, or elegance, or to
facilitate its preparation, unless otherwise specified in the indi-
vidual monograph.

Added substances and excipients employed solely to impart
color may be incorporated into official products other than
those intended for parenteral or ophthalmic use, in accordance
with the regulations pertaining to the use of colors issued by the
U.S. Food and Drug Administration (FDA), provided such add-
ed substances or excipients are otherwise appropriate in all re-
spects. (See also Added Substances under Injections h1i.)

The proportions of the substances constituting the base in
ointment and suppository products and preparations may be
varied to maintain a suitable consistency under different climat-
ic conditions, provided that the concentrations of active in-
gredients are not varied and provided that the bioavailability,
therapeutic efficacy, and safety of the preparation are not im-
paired.

5.20.20.1. In Compounded Preparations
Compounded preparations for which a complete composi-

tion is given shall contain only the ingredients named in the for-
mulas unless specifically exempted herein or in the individual
monograph. Deviation from the specified processes or meth-
ods of compounding, although not from the ingredients or
proportions thereof, may occur provided that the finished
preparation conforms to the relevant standards and to prepara-
tions produced by following the specified process.

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

Specially denatured alcohol formulas are available for use in
accordance with federal statutes and regulations of the Internal
Revenue Service. A suitable formula of specially denatured alco-
hol may be substituted for Alcohol in the manufacture of official
preparations intended for internal or topical use, provided that
the denaturant is volatile and does not remain in the finished
product. A preparation that is intended for topical application
to the skin may contain specially denatured alcohol, provided
that the denaturant is either a usual ingredient in the prepara-
tion or a permissible added substance; in either case the dena-
turant shall be identified on the label of the topical preparation.
Where a process is given in the individual monograph, any
preparation compounded using denatured alcohol shall be
identical to that prepared by the monograph process.

5.20.20.2. In Dietary Supplements
Additional ingredients may be added to dietary supplement

products provided that the additional ingredients: (1) comply
with applicable regulatory requirements; and (2) do not inter-
fere with the assays and tests prescribed for determining com-
pliance with compendial standards.

5.30. Description and Solubility
Only where a quantitative solubility test is given in a mono-

graph and is designated as such is it a test for purity.
A monograph may include information regarding the arti-

cle’s description. Information about an article’s ‘‘description
and solubility’’ also is provided in the reference table Description
and Relative Solubility of USP and NF Articles. The reference table
merely denotes the properties of articles that comply with

monograph standards. The reference table is intended primar-
ily for those who use, prepare, and dispense drugs and/or re-
lated art icles. Although the information provided in
monographs and the information in the reference table may in-
directly assist in the preliminary evaluation of an article, it is not
intended to serve as a standard or test for purity.

The approximate solubility of a compendial substance is indi-
cated by one of the following descriptive terms:

Descriptive Term

Parts of Solvent Re-
quired

for 1 Part of Solute
Very soluble Less than 1

Freely soluble From 1 to 10

Soluble From 10 to 30

Sparingly soluble From 30 to 100

Slightly soluble From 100 to 1,000

Very slightly soluble From 1,000 to 10,000

Practically insoluble, or
Insoluble

Greater than or equal to
10,000

5.40. Identification Test

~Identity~USP34

The compendial test titled Identification is provided as an aid
in verifying the identity of articles as they are purported to be,
e.g., those taken from labeled containers. Tests presented in the
Identification section shall be used to assist in establishing the
identity of the substance but are not necessarily sufficient to es-
tablish proof of identity. Other tests and specifications in the
monograph often are necessary to establish or confirm the
identity of an article. Failure of an article to meet the require-
ments of a prescribed Identification test may indicate that the
article is mislabeled.

~

A compendial test titled Identity or Identification is pro-

vided to establish the identity of an article as it is purport-

ed to be, i.e., to establish whether it is the article named

in USP–NF. The Identity or Identification test for a particu-

lar article may consist of one or more procedures. When a

compendial test for Identity or Identification is underta-

ken, all requirements of all specified procedures in the

test must be met to satisfy the requirements of the test.

Failure of an article to meet all the requirements of a pre-

scribed Identity or Identification test (i.e. failure to meet

the requirements of all of the specified procedures that

are components of that test) indicates that the article is

mislabeled and/or adulterated.~USP34

5.50. Assay
Assay tests for compounded preparations are not intended

for evaluating a compounded preparation before dispensing,
but instead are intended to serve as the official test in the event
of a question or dispute regarding the preparation’s confor-
mance to official standards.
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5.50.10. Units of Potency (Biological)
For substances that cannot be completely characterized by

chemical and physical means, it may be necessary to express
quantities of activity in biological units of potency, each defined
by an authoritative, designated reference standard.

Units of biological potency defined by the World Health Or-
ganization (WHO) for International Biological Standards and In-
ternational Biological Reference Preparations are termed
International Units (IU). Monographs refer to the units defined
by USP Reference Standards as ‘‘USP Units.’’ For biological
products, units of potency are defined by the corresponding
U.S. Standard established by FDA, whether or not International
Units or USP Units have been defined (see Biologics h1041i).

5.60. Impurities and Foreign Substances
Tests for the presence of impurities and foreign substances

are provided to limit such substances to amounts that are un-
objectionable under conditions in which the article is custom-
arily employed (see also Impurities in Official Articles h1086i).

Nonmonograph tests and acceptance criteria suitable for de-
tecting and controlling impurities that may result from a
change in the processing methods or that may be introduced
from external sources should be employed in addition to the
tests provided in the individual monograph, where the pres-
ence of the impurity is inconsistent with applicable good man-
ufacturing practices or good pharmaceutical practice.

5.60.10. Other Impurities in USP and NF Articles
If a USP or NF monograph includes an assay or organic impu-

rity test based on chromatography, other than a test for residual
solvents, and that monograph procedure does not detect an
impurity present in the substance, the amount and identity of
the impurity, where both are known, shall be stated in the label-
ing (certificate of analysis) of the official substance, under the
heading Other Impurity(ies).

The presence of any unlabeled other impurity in an official
substance is a variance from the standard if the content is
0.1% or greater. The sum of all Other Impurities combined with
the monograph-detected impurities may not exceed 2.0% (see
Ordinary Impurities h466i), unless otherwise stated in the mono-
graph.

The following categories of drug substances are excluded
from Other Impurities requirements:
� fermentation products and semi-synthetics derived there-

from,
� radiopharmaceuticals,
� biologics,
� biotechnology-derived products,
� peptides,
� herbals, and
� crude products of animal or plant origin.

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

5.60.20. Residual Solvents in USP and NF Articles
All USP and NF articles are subject to relevant control of resid-

ual solvents, even when no test is specified in the individual
monograph. If solvents are used during production, they must
be of suitable quality. In addition, the toxicity and residual level
of each solvent shall be taken into consideration, and the sol-
vents limited according to the principles defined and the re-
quirements specified in Residual Solvents h467i, using the
general methods presented therein or other suitable methods.

~5.60.30. Elemental Impurities in USP and NF Arti-

cles
All USP and NF articles are subject to control of inorgan-

ic impurities, even when no test is specified in the individ-

ual monograph. Elemental impurities are a special class

of inorganic impurities. These elemental impurities shall

be limited in drug products according to the principles

defined and the requirements specified in Elemental Im-

purities—Limits h232i using the procedures specified in

Elemental Impurities—Procedures h233i. Appropriate lim-

its and procedures for the control of elemental impurities

and organometallic impurities in dietary supplements are

indicated in Elemental Contaminants in Dietary Supple-

ments h2232i. [NOTE—Official September 1, 2013]~USP34

5.70. Performance Tests
Where content uniformity determinations have been made

using the same analytical methodology specified in the Assay,
with appropriate allowances made for differences in sample
preparation, the average of all of the individual content unifor-
mity determinations may be used as the Assay value.

5.80. USP Reference Standards
USP Reference Standards are authentic specimens that have

been approved by the USP Reference Standards Expert Com-
mittee

~

~USP34

as suitable for use as comparison standards in USP or NF tests
and assays. (See USP Reference Standards h11i.) Current official
lots of USP Reference Standards are published in the USP Refer-
ence Standards Catalog.

~

~USP34

Where a procedure calls for the use of a compendial article rath-
er than for a USP Reference Standard as a material standard of
reference, a substance meeting all of the compendial mono-
graph requirements for that article shall be used. No new USP
or NF standard or procedure requiring the use of a new USP Ref-
erence Standard shall be official until the specified USP Refer-
ence Standard is available.

~

If any new USP or NF standard requires the use of a new

USP Reference Standard that is not yet available, that

portion of the standard containing the requirement shall

not be official until the specified USP reference material is

available.~USP34

Unless a reference standard label bears a specific potency or
content, assume the reference standard is 100.0% pure in the
official application. Unless otherwise directed in the procedure
in the individual monograph or in a general chapter, USP Ref-
erence Standards are to be used in accordance with the instruc-
tions on the label of the Reference Standard.
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Change to read:

7. TEST RESULTS

7.10. Interpretation of Requirements
Analytical results observed in the laboratory (or calculated

from experimental measurements) are compared with stated
acceptance criteria to determine whether the article conforms
to compendial requirements.

The reportable value, which often is a summary value for sev-
eral individual determinations, is compared with the accep-
tance criteria. The reportable value is the end result of a
completed measurement procedure, as documented.

Where acceptance criteria are expressed numerically herein
through specification of an upper and/or lower limit, permitted
values include the specified values themselves, but no values
outside the limit(s). Acceptance criteria are considered signifi-
cant to the last digit shown.

~7.10.5. Nominal Concentrations in Equations

Where a ‘‘nominal concentration’’ is specified, calcu-

late the concentration based on the label claim. In assay

procedures, water correction is typically stated in the

Definition and on the label of the USP Reference Stan-

dard. For other procedures, correction for assayed con-

tent, potency, or both is made prior to using the

concentration in the equation provided in the monogra-

ph.~USP34

7.10.10. Equivalence Statements in Titrimetric Proce-
dures

The directions for titrimetric procedures conclude with a
statement of the weight of the analyte that is equivalent to each
mL of the standardized titrant. In such an equivalence state-
ment, the number of significant figures in the concentration
of the titrant should be understood to correspond to the num-
ber of significant figures in the weight of the analyte. Correc-
tions to calculations based on the blank determination are to
be made for all titrimetric assays where appropriate (see Titrime-
try h541i).

7.20. Rounding Rules
The observed or calculated values shall be rounded off to the

number of decimal places that is in agreement with the limit
expression. Numbers should not be rounded until the final cal-
culations for the reportable value have been completed. Inter-
mediate calculations (e.g., slope for linearity) may be rounded
for reporting purposes, but the original (not rounded) value
should be used for any additional required calculations. Accep-
tance criteria are fixed numbers and are not rounded.

When rounding is required, consider only one digit in the
decimal place to the right of the last place in the limit expres-
sion. If this digit is smaller than 5, it is eliminated and the pre-
ceding digit is unchanged. If this digit is equal to or greater than
5, it is eliminated and the preceding digit is increased by 1.

Change to read:

10. PRESERVATION, PACKAGING, STORAGE, AND LABEL-
ING

10.10. Storage Under Nonspecific Conditions
If no specific directions or limitations are provided in the

Packaging and Storage section of an individual USP monograph
or in the labeling of an article recognized in USP, the conditions
of storage shall include storage at controlled room tempera-
ture, protection from moisture, and, where necessary, protec-
tion from light. Such articles shall be protected from
moisture, freezing, and excessive heat, and, where necessary,
from light during shipping and distribution. Drug substances
are exempt from the requirements in this paragraph.

Regardless of quantity, where no specific storage directions
or limitations are provided in an individual NF monograph or
stated in the labeling of an article recognized in NF, the condi-
tions of storage and distribution shall include protection from
moisture, freezing, excessive heat, and, where necessary, from
light.

10.20. Containers
The container is that which holds the article and is or may be

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

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

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

The compendial requirements for the use of specified con-
tainers apply also to articles as packaged by the pharmacist or
other dispenser, unless otherwise indicated in the individual
monograph.
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Illustration of Rounding Numerical Values for Comparison with Requirements

Compendial Requirement Unrounded Value Rounded Result Conforms
Assay limit �98.0% 97.96% 98.0% Yes

97.92% 97.9% No

97.95% 98.0% Yes

Assay limit �101.5% 101.55% 101.6% No

101.46% 101.5% Yes

101.45% 101.5% Yes

Limit test �0.02% 0.025% 0.03% No

0.015% 0.02% Yes

0.027% 0.03% No

Limit test �3 ppm 3.5 ppm 4 ppm No

3.4 ppm 3 ppm Yes

2.5 ppm 3 ppm Yes

10.20.10. Tamper-Evident Packaging
The container or individual carton of a sterile article intended

for ophthalmic or otic use, except where extemporaneously
compounded for immediate dispensing on prescription, shall
be so sealed that the contents cannot be used without obvious
destruction of the seal.

Articles intended for sale without prescription are also re-
quired to comply with the tamper-evident packaging and label-
ing requirements of the FDA where applicable.

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

10.20.20. Light-Resistant Container
A light-resistant container (see Light Transmission Test under

Containers—Performance Testing h671i) protects the contents
from the effects of light by virtue of the specific properties of
the material of which it is composed, including any coating ap-
plied to it. Alternatively, a clear and colorless or a translucent
container may be made light-resistant by means of an opaque
covering, in which case the label of the container bears a state-
ment that the opaque covering is needed until the contents are
to be used or administered. Where it is directed to ‘‘protect
from light’’ in an individual monograph, preservation in a
light-resistant container is intended.

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

10.20.30. Well-Closed Container
A well-closed container protects the contents from extrane-

ous solids and from loss of the article under the ordinary or cus-
tomary conditions of handling, shipment, storage, and
distribution.

10.20.40. Tight Container
A tight container protects the contents from contamination

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

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

[NOTE—Where packaging and storage in a tight container or a
well-closed container is specified in the individual monograph,
the container used for an article when dispensed on prescrip-
tion meets the requirements under Containers—Performance
Testing h671i.]

10.20.50. Hermetic Container
A hermetic container is impervious to air or any other gas un-

der the ordinary or customary conditions of handling, ship-
ment, storage, and distribution.

10.20.60. Single-Unit Container
A single-unit container is one that is designed to hold a quan-

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

10.20.70. Single-Dose Container
A single-dose container is a single-unit container for articles

intended for parenteral administration only. A single-dose con-
tainer is labeled as such. Examples of single-dose containers in-
clude prefilled syringes, cartridges, fusion-sealed containers,
and closure-sealed containers when so labeled. (See also Con-
tainers for Injections under Injections h1i.)

10.20.80. Unit-Dose Container
A unit-dose container is a single-unit container for articles in-

tended for administration by other than the parenteral route as
a single dose, direct from the container.

10.20.90. Unit-of-Use Container
A unit-of-use container is one that contains a specific quantity

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

10.20.100. Multiple-Unit Container
A multiple-unit container is a container that permits with-

drawal of successive portions of the contents without changing
the strength, quality, or purity of the remaining portion.

10.20.110. Multiple-Dose Container
A multiple-dose container is a multiple-unit container for ar-

ticles intended for parenteral administration only. (See also Con-
tainers for Injections under Injections h1i).

Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] PROPOSED IRA 1483

#2010 The United States Pharmacopeial Convention All Rights Reserved.

P
roposed

IR
A



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

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

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

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

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

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

10.30. Storage Temperature and Humidity
Specific directions are stated in some monographs with re-

spect to the temperatures and humidity at which official articles
shall be stored and distributed (including the shipment of arti-
cles to the consumer) when stability data indicate that storage
and distribution at a lower or a higher temperature and a higher
humidity produce undesirable results. Such directions apply ex-
cept where the label on an article states a different storage tem-
perature on the basis of stability studies of that particular
formulation. Where no specific storage directions or limitations
are provided in the individual monograph, but the label of an
article states a storage temperature that is based on stability stu-
dies of that particular formulation, such labeled storage direc-
tions apply. (See also Pharmaceutical Stability h1150i.) The
conditions are defined by the following terms.

10.30.10. Freezer
‘‘Freezer’’ indicates a place in which the temperature is main-

tained thermostatically between –258 and –108 (–138 and
148F).

10.30.20. Cold
Any temperature not exceeding 88 (468F) is ‘‘cold.’’ A ‘‘refrig-

erator’’ is a cold place in which the temperature is maintained
thermostatically between 28 and 88 (368 and 468F).

10.30.30. Cool
Any temperature between 88 and 158 (468 and 598F)

is ‘‘cool.’’ An article for which storage in a cool place is directed
may, alternatively, be stored and distributed in a refrigerator, un-
less otherwise specified by the individual monograph.

10.30.40. Controlled Cold Temperature
‘‘Controlled cold temperature’’ is defined as temperature

maintained thermostatically between 28 and 88 (368 and 468
F), that allows for excursions in temperature between 08 and
158 (328 and 598 F) that may be experienced during storage,
shipping, and distribution such that the allowable calculated
mean kinetic temperature is not more than 88 (468 F). Transient
spikes up to 258 (778 F) may be permitted if the manufacturer

so instructs and provided that such spikes do not exceed 24
hours unless supported by stability data or the manufacturer in-
structs otherwise.

10.30.50. Room Temperature
‘‘Room temperature’’ indicates the temperature prevailing in

a working area.

10.30.60. Controlled Room Temperature
‘‘Controlled room temperature’’ indicates a temperature

maintained thermostatically that encompasses the usual and
customary working environment of 208 to 258 (688 to 778F);
that results in a mean kinetic temperature calculated to be
not more than 258; and that allows for excursions between
158 and 308 (598 and 868F) that are experienced in pharmacies,
hospitals, and warehouses. Provided the mean kinetic temper-
ature remains in the allowed range, transient spikes up to 408
are permitted as long as they do not exceed 24 hours. Spikes
above 408 may be permitted if the manufacturer so instructs.
Articles may be labeled for storage at ‘‘controlled room temper-
ature’’ or at ‘‘up to 258’’, or other wording based on the same
mean kinetic temperature. The mean kinetic temperature is a
calculated value that may be used as an isothermal storage tem-
perature that simulates the nonisothermal effects of storage
temperature variations. (See also Pharmaceutical Stability
h1150i.)

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

10.30.70. Warm
Any temperature between 308 and 408 (868 and 1048F) is

‘‘warm.’’

10.30.80. Excessive Heat
‘‘Excessive heat’’ means any temperature above 408 (1048F).

10.30.90. Protection From Freezing
Where, in addition to the risk of breakage of the container,

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

10.30.100. Dry Place
The term ‘‘dry place’’ denotes a place that does not exceed

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

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

10.40. Labeling
The term ‘‘labeling’’ designates all labels and other written,

printed, or graphic matter upon an immediate container of
an article or upon, or in, any package or wrapper in which it
is enclosed, except any outer shipping container. The term ‘‘la-
bel’’ designates that part of the labeling upon the immediate
container.

A shipping container containing a single article, unless such
container is also essentially the immediate container or the out-
side of the consumer package, is labeled with a minimum of
product identification (except for controlled articles), lot num-
ber, expiration date, and conditions for storage and distribu-
tion.
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Articles in these compendia are subject to compliance with
such labeling requirements as may be promulgated by govern-
mental bodies in addition to the compendial requirements set
forth for the articles.

10.40.10. Amount of Ingredient Per Dosage Unit
The strength of a drug product is expressed on the container

label in terms of micrograms or milligrams or grams or percent-
age of the therapeutically active moiety or drug substance,
whichever form is used in the title, unless otherwise indicated
in an individual monograph. Both the active moiety and drug
substance names and their equivalent amounts are then pro-
vided in the labeling.

Official articles in capsule, tablet, or other unit dosage form
shall be labeled to express the quantity of each active ingredi-
ent or recognized nutrient contained in each such unit; except
that, in the case of unit-dose oral solutions or suspensions,
whether supplied as liquid preparations or as liquid prepara-
tions that are constituted from solids upon addition of a desig-
nated volume of a specific diluent, the label shall express the
quantity of each active ingredient or recognized nutrient deliv-
ered under the conditions prescribed in Deliverable Volume
h698i. Official drug products not in unit dosage form shall be
labeled to express the quantity of each active ingredient in each
milliliter or in each gram, or to express the percentage of each
such ingredient (see 8.140., Percentage Concentrations), except
that oral liquids or solids intended to be constituted to yield oral
liquids may, alternatively, be labeled in terms of each 5-mL por-
tion of the liquid or resulting liquid. Unless otherwise indicated
in a monograph or chapter, such declarations of strength or
quantity shall be stated only in metric units. See also
5.50.10., Units of Potency (Biological).

10.40.20. Use of Leading and Terminal Zeros
To help minimize the possibility of errors in the dispensing

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

10.40.30. Labeling of Salts of Drugs
It is an established principle that official articles shall have on-

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

10.40.40. Labeling Vitamin-Containing Products
The vitamin content of an official drug product shall be stat-

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

10.40.50. Labeling Botanical-Containing Products

~

Unless otherwise specified in the individual

monograph,~USP35

the label of an herb or other botanical intended for use as a di-
etary supplement bears the statement, ‘‘If you are pregnant or
nursing a baby, seek the advice of a health professional before
using this product.’’

10.40.60. Labeling Parenteral And Topical Prepara-
tions

The label of a preparation intended for parenteral or topical
use states the names of all added substances (see 5.20., Added
Substances, Excipients, and Ingredients and see Labeling under In-
jections h1i), and, in the case of parenteral preparations, also
their amounts or proportions, except that for substances added
for adjustment of pH or to achieve isotonicity, the label may in-
dicate only their presence and the reason for their addition.

10.40.70. Labeling Electrolytes
The concentration and dosage of electrolytes for replace-

ment therapy (e.g., sodium chloride or potassium chloride)
shall be stated on the label in milliequivalents (mEq). The label
of the product shall indicate also the quantity of ingredient(s) in
terms of weight or percentage concentration.

10.40.80. Labeling Alcohol
The content of alcohol in a liquid preparation shall be stated

on the label as a percentage (v/v) of C2H5OH.

10.40.90. Special Capsules and Tablets
The label of any form of Capsule or Tablet intended for ad-

ministration other than by swallowing intact bears a prominent
indication of the manner in which it shall be used.

10.40.100. Expiration Date and Beyond-Use Date
The label of an official drug product or nutritional or dietary

supplement product shall bear an expiration date. All articles
shall display the expiration date so that it can be read by an or-
dinary individual under customary conditions of purchase and
use. The expiration date shall be prominently displayed in high
contrast to the background or sharply embossed, and easily un-
derstood (e.g., ‘‘EXP 6/08,’’ ‘‘Exp. June 08,’’ or ‘‘Expires 6/08’’).

[NOTE—For additional information and guidance, refer to the
Consumer Healthcare Products Association’s Voluntary Codes
and Guidelines of the Self-Medication Industry.]

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

Where an official article is required to bear an expiration date,
such article shall be dispensed solely in, or from, a container la-
beled with an expiration date, and the date on which the article
is dispensed shall be within the labeled expiry period. The expi-
ration date identifies the time during which the article may be
expected to meet the requirements of the compendial mono-
graph, provided it is kept under the prescribed storage condi-
tions. The expiration date limits the time during which the
article may be dispensed or used. Where an expiration date is
stated only in terms of the month and the year, it is a represen-
tation that the intended expiration date is the last day of the
stated month. The beyond-use date is the date after which an
article shall not be used. The dispenser shall place on the label
of the prescription container a suitable beyond-use date to limit
the patient’s use of the article based on any information sup-
plied by the manufacturer and the General Notices. The be-
yond-use date placed on the label shall not be later than the
expiration date on the manufacturer’s container.

For articles requiring constitution before use, a suitable be-
yond-use date for the constituted product shall be identified
in the labeling.

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

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

10.40.100.1. Compounded Preparations
The label on the container or package of an official com-

pounded preparation shall bear a beyond-use date. The be-
yond-use date is the date after which a compounded
preparation is not to be used. Because compounded prepara-
tions are intended for administration immediately or following
short-term storage, their beyond-use dates may be assigned
based on criteria different from those applied to assigning expi-
ration dates to manufactured drug products.

The monograph for an official compounded preparation typ-
ically includes a beyond-use requirement that states the time
period following the date of compounding during which the
preparation, properly stored, may be used. In the absence of
stability information that is applicable to a specific drug and
preparation, recommendations for maximum beyond-use
dates have been devised for nonsterile compounded drug pre-
parations that are packaged in tight, light-resistant containers
and stored at controlled room temperature unless otherwise in-
dicated (see Stability Criteria and Beyond-Use Dating under Sta-
bility of Compounded Preparations in the general test chapter
Pharmaceutical Compounding—Nonsterile Preparations h795i).

10.50. Guidelines for Packaging and Storage State-
ments in USP–NF Monographs

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

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

General Tests and Assays

Biological Tests and Assays

BRIEFING

h85i Bacterial Endotoxins Test, USP 33 Reissue page R-65.
The following revisions are included in this proposed IRA: (1) on
the basis of an FDA recommendation, change the calculation of
the limit for endotoxins in products dosed by body surface area,
appearing in nonharmonized footnote 2; and (2) add a previ-
ously deleted sentence to the harmonized text in Gel Clot Tech-
nique, Test for Interfering Factors. In the absence of negative
comments, it is proposed to implement this revision through
an Interim Revision Announcement with an official date of April
1, 2011.

(GCM: R. Tirumalai.) RTS—C93987

Change to read:

h85i BACTERIAL ENDOTOXINS
TEST

~
^Portions of this general chapter have been harmonized

with the corresponding texts of the European Pharmacopoeia
and/or the Japanese Pharmacopoeia. Those portions that are
not harmonized are marked with symbols (^^) to specify this
fact.^

The Bacterial Endotoxins Test (BET) is a test to detect or quan-
tify endotoxins from Gram-negative bacteria using amoebocyte
lysate from the horseshoe crab (Limulus polyphemus or Tachy-
pleus tridentatus).

There are three techniques for this test: the gel-clot tech-
nique, which is based on gel formation; the turbidimetric tech-
nique, based on the development of turbidity after cleavage of
an endogenous substrate; and the chromogenic technique,
based on the development of color after cleavage of a synthetic
peptide-chromogen complex. Proceed by any of the three
techniques for the test. In the event of doubt or dispute, the
final decision is made based upon the gel-clot technique unless
otherwise indicated in the monograph for the product being
tested. The test is carried out in a manner that avoids endotoxin
contamination.

APPARATUS

Depyrogenate all glassware and other heat-stable materials
in a hot air oven using a validated process. ^1

^ A commonly
used minimum time and temperature is 30 minutes at 2508.
If employing plastic apparatus, such as microplates and pipet
tips for automatic pipetters, use apparatus that is shown to
be free of detectable endotoxin and does not interfere in the
test. [NOTE—In this chapter, the term ‘‘tube’’ includes any other
receptacle such as a microtiter well.]

REAGENTS AND TEST SOLUTIONS

Amoebocyte Lysate—A lyophilized product obtained from
the lysate of amoebocytes (white blood cells) from the horse-
shoe crab (Limulus polyphemus or Tachypleus tridentatus). This
reagent refers only to a product manufactured in accordance
with the regulations of the competent authority. [NOTE—Amoe-
bocyte Lysate reacts to some b-glucans in addition to endotox-
ins. Amoebocyte Lysate preparations that do not react to glucans
are available: they are prepared by removing the G factor react-
ing to glucans from Amoebocyte Lysate or by inhibiting the G
factor reacting system of Amoebocyte Lysate and may be used
for endotoxin testing in the presence of glucans.]

Water for Bacterial Endotoxins Test (BET)—Use Water
for Injection or water produced by other procedures that shows
no reaction with the lysate employed, at the detection limit of
the reagent.

Lysate TS—Dissolve Amoebocyte Lysate in Water for BET, or in
a buffer recommended by the lysate manufacturer, by gentle
stirring. Store the reconstituted lysate, refrigerated or frozen,
according to the specifications of the manufacturer.

PREPARATION OF SOLUTIONS

Standard Endotoxin Stock Solution—A Standard Endo-
toxin Stock Solution is prepared from a USP Endotoxin Reference
Standard that has been calibrated to the current WHO Interna-
tional Standard for Endotoxin. Follow the specifications in the
package leaflet and on the label for preparation and storage of
the Standard Endotoxin Stock Solution. Endotoxin is expressed in
Endotoxin Units (EU). [NOTE—One USP Endotoxin Unit (EU) is
equal to one International Unit (IU) of endotoxin.]

Standard Endotoxin Solutions—After mixing the Stan-
dard Endotoxin Stock Solution vigorously, prepare appropriate
serial dilutions of Standard Endotoxin Solution, using Water for
BET. Use dilutions as soon as possible to avoid loss of activity
by adsorption.

Sample Solutions—Prepare the Sample Solutions by dissolv-
ing or diluting drugs, or taking washes from medical devices
using Water for BET. Some substances or preparations may be
more appropriately dissolved, diluted, or extracted in other
aqueous solutions. If necessary, adjust the pH of the solution
to be examined (or dilution thereof) so that the pH of the mix-
ture of the lysate and Sample Solution falls within the pH range
specified by the lysate manufacturer, usually 6.0 to 8.0. The pH
may be adjusted by use of an acid, base, or suitable buffer as
recommended by the lysate manufacturer. Acids and bases
may be prepared from concentrates or solids with Water for
BET in containers free of detectable endotoxin. Buffers must
be validated to be free of detectable endotoxin and interfering
factors.

^1 For a validity test of the procedure for inactivating endotoxins, see
Dry-Heat Sterilization under Sterilization and Sterility Assurance of Com-
pendial Articles h1211i. Use Lysate TS having a sensitivity of not less than
0.15 Endotoxin Unit per mL.^
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Change to read:

DETERMINATION OF MAXIMUM VALID
DILUTION (MVD)

The maximum valid dilution is the maximum allowable dilu-
tion of a specimen at which the endotoxin limit can be deter-
mined. Determine the MVD from the following equation:

MVD = (Endotoxin Limit 6 Concentration of Sample
Solution)/(l)

Endotoxin Limit—The endotoxin limit for parenteral
drugs, defined on the basis of dose, equals K/M^2^, where K
is a threshold pyrogenic dose of endotoxin per kg of body
weight, and M is equal to the maximum recommended bolus
dose of product per kg of body weight. When the product is to
be injected at frequent intervals or infused continuously, M is
the maximum total dose administered in a single hour period.
The endotoxin limit for parenteral drugs is specified in the indi-
vidual monograph in units such as EU/mL, EU/mg, EU/Unit of
biological activity, etc.

Concentration of Sample Solution—
mg/mL: in the case of endotoxin limit specified by weight

(EU/mg);
Units/mL: in the case of endotoxin limit specified by unit of

biological activity (EU/Unit);
mL/mL: when the endotoxin limit is specified by volume (EU/

mL).
l: the labeled sensitivity in the Gel-Clot Technique (EU/mL) or

the lowest concentration used in the standard regression curve
for the Turbidimetric Technique or Chromogenic Technique.

Change to read:

GEL-CLOT TECHNIQUE

The gel-clot technique is for detecting or quantifying endo-
toxins based on clotting of the lysate reagent in the presence of
endotoxin. The minimum concentration of endotoxin required
to cause the lysate to clot under standard conditions is the la-
beled sensitivity of the lysate reagent. To ensure both the pre-
cision and validity of the test, perform the tests for confirming
the labeled lysate sensitivity and for interfering factors as de-
scribed in Preparatory Testing.

Preparatory Testing

Test for Confirmation of Labeled Lysate Sensitivity—
Confirm in four replicates the labeled sensitivity, l, expressed in
EU/mL of the lysate prior to use in the test. The test for confir-
mation of lysate sensitivity is to be carried out when a new
batch of lysate is used or when there is any change in the test
conditions that may affect the outcome of the test. Prepare
standard solutions having at least four concentrations equiva-
lent to 2l, l, 0.5l, and 0.25l by diluting the USP Endotoxin
RS with Water for BET.

Mix a volume of the Lysate TS with an equal volume (such as
0.1-mL aliquots) of one of the Standard Endotoxin Solutions in
each test tube. When single test vials or ampuls containing lyo-
philized lysate are used, add solutions directly to the vial or am-
pul. Incubate the reaction mixture for a constant period
according to the directions of the lysate manufacturer (usually
at 37+18 for 60+2 minutes), avoiding vibration. To test the
integrity of the gel, take each tube in turn directly from the in-
cubator and invert it through about 1808 in one smooth mo-
tion. If a firm gel has formed that remains in place upon
inversion, record the result as positive. A result is negative if
an intact gel is not formed. The test is considered valid when
the lowest concentration of the standard solutions shows a ne-
gative result in all replicate tests.

The endpoint is the smallest concentration in the series of de-
creasing concentrations of standard endotoxin that clots the ly-
sate. Determine the geometric mean endpoint by calculating
the mean of the logarithms of the endpoint concentrations of
the four replicate series and then taking the antilogarithm of the
mean value, as indicated in the following formula:

Geometric Mean Endpoint Concentration = antilog (Se/f)

where Se is the sum of the log endpoint concentrations of the
dilution series used, and f is the number of replicate test tubes.
The geometric mean endpoint concentration is the measured
sensitivity of the lysate (in EU/mL). If this is not less than 0.5l
and not more than 2l, the labeled sensitivity is confirmed
and is used in tests performed with this lysate.

Test for Interfering Factors—Usually prepare solutions
(A–D) as shown in Table 1, and perform the inhibition/enhance-
ment test on the Sample Solutions at a dilution less than the
MVD, not containing any detectable endotoxins, operating as
described for Test for Confirmation of Labeled Lysate Sensitivity.
The geometric mean endpoint concentrations of Solutions B
and C are determined using the formula described in the Test
for Confirmation of Labeled Lysate Sensitivity.

.The test for interfering factors must be repeated when

any condition changes that is likely to influence the result

of the test.. (IRA 1-Apr-2011)

The test is considered valid when all replicates of Solutions A
and D show no reaction and the result of Solution C confirms the
labeled sensitivity.

If the sensitivity of the lysate determined in the presence of
Solution B is not less than 0.5l and not greater than 2l, the
Sample Solution does not contain factors that interfere under
the experimental conditions used. Otherwise, the Sample Solu-
tion to be examined interferes with the test.

If the sample under test does not comply with the test at a
dilution less than the MVD, repeat the test using a greater dilu-
tion, not exceeding the MVD. The use of a more sensitive lysate
permits a greater dilution of the sample to be examined and
this may contribute to the elimination of interference.

Interference may be overcome by suitable treatment, such as
filtration, neutralization, dialysis, or heating. To establish that
the chosen treatment effectively eliminates interference with-
out loss of endotoxins, perform the assay described above using
the preparation to be examined to which USP Endotoxin RS has
been added and which has then been submitted to the chosen
treatment.

^2 K is 5 USP-EU/kg for any route of administration other than intrathe-
cal (for which K is 0.2 USP-EU/kg body weight). For radiopharmaceuti-
cal products not administered intrathecally, the endotoxin limit is
calculated as 175/V, where V is the maximum recommended dose in
mL. For intrathecally administered radiopharmaceuticals, the endo-
toxin limit is obtained by the formula 14/V. For formulations (usually
anticancer products) administered on a per square meter of body sur-
face, the formula is K/M, where K = 5 EU/kg
.2.5 EU/kg.(IRA 1-Apr-2011)
and M is the (maximum dose/m2/hour 6 1.80 m2)/70 Kg.^
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Table 1. Preparation of Solutions for the Inhibition/Enhancement Test for Gel-Clot Techniques

Solution

Endotoxin Concentration/
Solution to Which

Endotoxin Is Added Diluent
Dilution
Factor

Endotoxin
Concentration

Number of
Replicates

Aa None/Sample Solution — — — 4

Bb 2l/Sample Solution Sample Solution 1 2l 4

2 1l 4

4 0.5l 4

8 0.25l 4

Cc 2l/Water for BET Water for BET 1 2l 2

2 1l 2

4 0.5l 2

8 0.25l 2

Dd None/Water for BET — — — 2
a Solution A: A Sample Solution of the preparation under test that is free of detectable endotoxins.
b Solution B: Test for interference.
c Solution C: Control for labeled lysate sensitivity.
d Solution D: Negative control of Water for BET.

Limit Test

Procedure—Prepare Solutions A, B, C, and D as shown in Ta-
ble 2, and perform the test on these solutions following the pro-
cedure for Test for Confirmation of Labeled Lysate Sensitivity in
Preparatory Testing, above.

Table 2. Preparation of Solutions for the Gel-Clot Limit
Test

Solution*

Endotoxin Concentration/
Solution to Which

Endotoxin Is Added

Number
of Repli-

cates
A None/Diluted Sample Solution 2

B 2l/Diluted Sample Solution 2

C 2l/Water for BET 2

D None/Water for BET 2
* Prepare Solution A and the positive product control Solution B
using a dilution not greater than the MVD and treatments as for
the Test for Interfering Factors under Preparatory Testing. The pos-
itive control Solutions B and C contain the Standard Endotoxin
Solution at a concentration corresponding to twice the labeled
lysate sensitivity. The negative control Solution D consists of Wa-
ter for BET.

Interpretation—The test is considered valid when both
replicates of Solution B and C are positive and those of Solution
D are negative. When a negative result is found for both repli-
cates of Solution A, the preparation under test complies with the
test. When a positive result is found for both replicates of Solu-
tion A, the preparation under test does not comply with the
test.

When a positive result is found for one replicate of Solution A
and a negative result is found for the other, repeat the test. In
the repeat test, the preparation under test complies with the
test if a negative result is found for both replicates of Solution
A. The preparation does not comply with the test if a positive
result is found for one or both replicates of Solution A. However,
if the preparation does not comply with the test at a dilution
less than the MVD, the test may be repeated using a greater
dilution, not exceeding the MVD.

Quantitative Test

Procedure—The test quantifies bacterial endotoxins in Sam-
ple Solutions by titration to an endpoint. Prepare Solutions A, B,
C, and D as shown in Table 3, and test these solutions by follow-
ing the procedure in the Test for Confirmation of Labeled Lysate
Sensitivity under Preparatory Testing.
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Table 3. Preparation of Solutions for the Gel-Clot Assay

Solution

Endotoxin Concentration/
Solution to Which

Endotoxin Is Added Diluent
Dilution
Factor

Endotoxin
Concentration

Number of
Replicates

Aa None/Sample Solution Water for BET 1 — 2

2 — 2

4 — 2

8 — 2

Bb 2l/Sample Solution — 1 2l 2

Cc 2l/Water for BET Water for BET 1 2l 2

2 1l 2

4 0.5l 2

8 0.25l 2

Dd None/Water for BET — — — 2
a Solution A: Sample Solution under test at the dilution, not to exceed the MVD, with which the Test for Interfering Factors was com-
pleted. Subsequent dilution of the Sample Solution must not exceed the MVD. Use Water for BET to make a dilution series of four
tubes containing the Sample Solution under test at concentrations of 1, 1/2, 1/4, and 1/8 relative to the concentration used in the
Test for Interfering Factors. Other dilutions up to the MVD may be used as appropriate.
b Solution B: Solution A containing standard endotoxin at a concentration of 2l (positive product control).
c Solution C: Two replicates of four tubes of Water for BET containing the standard endotoxin at a concentration of 2l, l, 0.5l, and
0.25l, respectively.
d Solution D: Water for BET (negative control).

Calculation and Interpretation—The test is considered
valid when the following three conditions are met: (1) Both rep-
licates of negative control Solution D are negative; (2) Both rep-
licates of positive product control Solution B are positive; and (3)
The geometric mean endpoint concentration of Solution C is in
the range of 0.5l to 2l.

To determine the endotoxin concentration of Solution A, cal-
culate the endpoint concentration for each replicate by multi-
plying each endpoint dilution factor by l. The endotoxin
concentration in the Sample Solution is the endpoint concentra-
tion of the replicates. If the test is conducted with a diluted
Sample Solution, calculate the concentration of endotoxin in
the original Sample Solution by multiplying by the dilution fac-
tor. If none of the dilutions of the Sample Solution is positive in a
valid assay, report the endotoxin concentration as less than l (if
the diluted sample was tested, report as less than l times the
lowest dilution factor of the sample.) If all dilutions are positive,
the endotoxin concentration is reported as equal to or greater
than the greatest dilution factor multiplied by l (e.g., initial di-
lution factor times 8 times l in Table 3).

The preparation under test meets the requirements of the
test if the concentration of endotoxin in both replicates is less
than that specified in the individual monograph.

PHOTOMETRIC QUANTITATIVE TECHNIQUES

Turbidimetric Technique

This technique is a photometric assay measuring increases in
reactant turbidity. On the basis of the particular assay principle
employed, this technique may be classified as either an end-
point-turbidimetric assay or a kinetic-turbidimetric assay. The
endpoint-turbidimetric assay is based on the quantitative rela-
tionship between the concentration of endotoxins and the tur-
bidity (absorbance or transmission) of the reaction mixture at
the end of an incubation period. The kinetic-turbidimetric assay
is a method to measure either the time (onset time) needed to
reach a predetermined absorbance or transmission of the reac-
tion mixture, or the rate of turbidity development. The test is
carried out at the incubation temperature recommended by
the lysate manufacturer (which is usually 37+18).

Chromogenic Technique

This technique is an assay to measure the chromophore re-
leased from a suitable chromogenic peptide by the reaction
of endotoxins with lysate. On the basis of the particular assay
principle employed, this technique may be classified as either
an endpoint-chromogenic assay or a kinetic-chromogenic as-
say. The endpoint-chromogenic assay is based on the quantita-
tive relationship between the concentration of endotoxins and
the release of chromophore at the end of an incubation period.
The kinetic-chromogenic assay is a method to measure either
the time (onset time) needed to reach a predetermined absor-
bance of the reaction mixture, or the rate of color development.
The test is carried out at the incubation temperature recom-
mended by the lysate manufacturer (which is usually 37+18).

Preparatory Testing

To assure the precision or validity of the turbidimetric and
chromogenic techniques, preparatory tests are conducted to
verify that the criteria for the standard curve are valid and that
the sample solution does not interfere with the test. Validation
for the test method is required when conditions that are likely
to influence the test result change.

Assurance of Criteria for the Standard Curve—The test
must be carried out for each lot of lysate reagent. Using the
Standard Endotoxin Solution, prepare at least three endotoxin
concentrations within the range indicated by the lysate manu-
facturer to generate the standard curve. Perform the assay us-
ing at least three replicates of each standard endotoxin
concentration according to the manufacturer’s instructions
for the lysate (volume ratios, incubation time, temperature,
pH, etc.). If the desired range is greater than two logs in the
kinetic methods, additional standards should be included to
bracket each log increase in the range of the standard curve.
The absolute value of the correlation coefficient, r, must be
greater than or equal to 0.980, for the range of endotoxin con-
centrations set up.
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Test for Interfering Factors—Select an endotoxin con-
centration at or near the middle of the endotoxin standard
curve. Prepare Solutions A, B, C, and D as shown in Table 4. Per-
form the test on Solutions A, B, C, and D at least in duplicate ac-

cording to the instructions for the lysate employed, for
example, concerning volume of Sample Solution and Lysate
TS, volume ratio of Sample Solution to Lysate TS, incubation
time, etc.

Table 4. Preparation of Solutions for the Inhibition/Enhancement Test for Photometric Techniques

Solution Endotoxin Concentration
Solution to Which

Endotoxin Is Added
Number

of Replicates
Aa None Sample Solution Not less than 2

Bb Middle concentration of the standard curve Sample Solution Not less than 2

Cc At least 3 concentrations (lowest concentration is
designated l)

Water for BET Each not less than 2

Dd None Water for BET Not less than 2
a Solution A: The Sample Solution may be diluted not to exceed MVD.
b Solution B: The preparation under test at the same dilution as Solution A, containing added endotoxin at a concentration equal to
or near the middle of the standard curve.
c Solution C: The standard endotoxin at the concentrations used in the validation of the method described for Assurance of Criteria
for the Standard Curve under Preparatory Testing (positive controls).
d Solution D: Water for BET (negative control).

The test is considered valid when the following conditions are
met.
1. The absolute value of the correlation coefficient of the stan-

dard curve generated using Solution C is greater than or
equal to 0.980.

2. The result with Solution D does not exceed the limit of the
blank value required in the description of the lysate reagent
employed, or it is less than the endotoxin detection limit of
the lysate reagent employed.

Calculate the mean recovery of the added endotoxin by sub-
tracting the mean endotoxin concentration in the solution, if
any (Solution A,Table 4), from that containing the added endo-
toxin (Solution B,Table 4). In order to be considered free of fac-
tors that interfere with the assay under the conditions of the
test, the measured concentration of the endotoxin added to
the Sample Solution must be within 50% to 200% of the known
added endotoxin concentration after subtraction of any endo-
toxin detected in the solution without added endotoxin.

When the endotoxin recovery is out of the specified range,
the Sample Solution under test is considered to contain interfer-
ing factors. Then, repeat the test using a greater dilution, not
exceeding the MVD. Furthermore, interference of the Sample
Solution or diluted Sample Solution not to exceed the MVD
may be eliminated by suitable validated treatment, such as fil-
tration, neutralization, dialysis, or heat treatment.To establish
that the treatment chosen effectively eliminates interference
without loss of endotoxins, perform the assay described above
using the preparation to be examined to which Standard Endo-
toxin has been added and which has then been submitted to
the chosen treatment.

Test Procedure

Follow the procedure described for Test for Interfering Factors
under Preparatory Testing.

Calculation

Calculate the endotoxin concentration of each of the repli-
cates of Solution A using the standard curve generated by the
positive control Solution C. The test is considered valid when
the following three requirements are met.

1. The results of the control Solution C comply with the re-
quirements for validation defined for Assurance of Criteria for
the Standard Curve under Preparatory Testing.

2. The endotoxin recovery, calculated from the concentra-
tion found in Solution B after subtracting the concentration of
endotoxin found in Solution A, is within the range of 50% to
200%.

3. The result of the negative control Solution D does not ex-
ceed the limit of the blank value required in the description of
the lysate employed, or it is less than the endotoxin detection
limit of the lysate reagent employed.

Interpretation

In photometric assays, the preparation under test complies
with the test if the mean endotoxin concentration of the repli-
cates of Solution A, after correction for dilution and concentra-
tion, is less than the endotoxin limit for the product.~USP33
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IN-PROCESS REVISION
This section contains proposals for adoption as official USP or NF standards (either proposed new standards or proposed
revisions of current USP or NF standards). These may be any of the following: (1) proposed revisions placed directly under
In-Process Revision, or (2) modifications of revisions previously proposed under In-Process Revision. Readers should review
material in this section and provide comments to the staff liaison (use the Staff Directory to find the contact information).
Information on how to comment is found in the Policies and Announcements section. It is important to send comments
promptly so that the Committee members can consider readers’ input as they are deciding whether to advance stan-
dards to official status.

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

BRIEFING

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

(DSI: D. Sarma.) RTS—C55678

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. Because of
the redesign of monographs, any proposed new text with revisions for USP 33–NF 28 and beyond will be set off from the
current official text by shading where the symbols surround the text changes. Standards that become official as Interim
Revision Announcements (IRAs) in Pharmacopeial Forum will continue to identify changed text in a larger font (print edition
only). All USP–NF revisions use the following symbols that indicate the final destination of the official text: .new text. if
slated for an IRA;

~

new text
~

if slated for USP–NF; and &new text& if slated for a Supplement to USP–NF. The same symbols
not set off by an extra paragraph break and enclosing text with no increase in type size indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as .

., or &
&, or

~

~
, it means that text has

been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular IRA or Supplement or in-
dicates the USP or NF as the publication where the revision will appear if approved. For example, .2 indicates that the
revision is proposed for the Interim Revision Announcement that will appear in issue 2 of a given PF volume, &2S (USP 32)

indicates that the proposed revision is slated for the Second Supplement to USP 32, and
~USP33 and

~NF28 indicates that
the revisions are proposed for USP 33 and NF 28, respectively.

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

In-P
rocess

R
evision



IN-PROCESS REVISION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1493
MONOGRAPHS (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1496

Aztreonam (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1496
Beta Carotene (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1498
Bisoprolol Fumarate Tablets (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1500
Red Blood Cells (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1501
Platelets (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1503
Budesonide (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1504
Candesartan Cilexetil [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1506
Carmustine for Injection (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1508
Cefdinir (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1509
Cefdinir Capsules (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1511
Cefdinir for Oral Suspension (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1515
Celecoxib [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1519
Clindamycin Hydrochloride (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1520
Scaffold Equine Pericardium Collagen [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1521
Drospirenone (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1524
Estazolam [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1527
Estazolam Tablets [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1528
Estrone Injection (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1529
Fluconazole Injection (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1530
Hydrocortisone Acetate (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1533
Insulin Aspart [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1535
Insulin Aspart Subcutaneous Injection [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1537
Isophane Insulin Suspension (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1538
Isophane Insulin Human Suspension (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1539
Ketoprofen Capsules [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1541
Lamotrigine Tablets (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1542
Lamotrigine Tablets for Oral Suspension [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1544
Lansoprazole (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1547
Levofloxacin Oral Solution [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1548
Loratadine Orally Disintegrating Tablets (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1550
Mercaptopurine (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1552
Mercaptopurine Tablets (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1554
Morphine Sulfate Extended-Release Tablets (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1556
Octreotide Acetate [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1559
Phenoxybenzamine Hydrochloride Capsules (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1562
Protein Hydrolysate Injection (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1564
Risperidone Orally Disintegrating Tablets [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1565
Tacrolimus (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1566
Tacrolimus Capsules (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1570
Temazepam (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1574
Tramadol Hydrochloride Tablets (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1577
Tramadol Hydrochloride Extended-Release Tablets [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1578
Valsartan and Hydrochlorothiazide Tablets (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1580

DIETARY SUPPLEMENTS—MONOGRAPHS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1583
Beta Carotene Preparation [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1583
Chamomile (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1584
Cranberry Liquid Preparation (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1586
Eleuthero (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1588
Powdered Eleuthero (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1590
Powdered Eleuthero Extract (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1592
Fish Oil Containing Omega-3 Acids Delayed-Release Capsules [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . 1594
Ginger (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1595
Powdered Ginger (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1597
Ginger Capsules (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1599
Ginger Tincture (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1601
Ginkgo (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1602
Powdered Ginkgo Extract (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1606
Ginkgo Capsules (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1609
Ginkgo Tablets (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1611
Malabar-Nut-Tree, Leaf [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1614

In
-P

ro
ce

ss
R

ev
is

io
n

#2010 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
1494 IN-PROCESS REVISION Vol. 36(6) [Nov.–Dec. 2010]



Powdered Malabar-Nut-Tree, Leaf [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1615
Powdered Malabar-Nut-Tree, Leaf Extract [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1616
meso-Zeaxanthin [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1617
meso-Zeaxanthin Preparation [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1619
Phyllanthus amarus [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1620
Powdered Phyllanthus amarus Extract [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1622
Powdered Phyllanthus amarus [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1623

EXCIPIENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1625
Excipients, USP and NF Excipients, Listed by Category (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1625

MONOGRAPHS (NF) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1631
Ammonio Methacrylate Copolymer (NF 30) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1631
Diethyl Sebacate (NF 30) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1632
Diethylene Glycol Monoethyl Ether (NF 30) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1633
Ethylcellulose Dispersion Type B [new] (NF 30) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1635
Methacrylic Acid Copolymer Dispersion (NF 30) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1638
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion (NF 30) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1640
Zein (NF 30) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1641

GENERAL TEST CHAPTERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1644
h1i Injections (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1644
h3i Topical and Transdermal Products—Product Quality Tests (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . 1647
h88i Biological Reactivity Tests, In Vivo (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1664
h141i Protein—Biological Adequacy Test (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1666
h610i Alternative Microbiological Sampling Methods for Nonsterile Inhaled and Nasal

Products (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1667
h659i Packaging and Storage Requirements (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1669

GENERAL INFORMATION CHAPTERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1675
h1113i Microbial Identification (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1675
h1116i Microbiological Evaluation of Clean Rooms and Other Controlled Environments (USP 35) . . . . . . . 1688
h1128i Nucleic Acid-Based Techniques—Microarray [new] (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1713
h1151i Pharmaceutical Dosage Forms (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1723
h1226i Verification of Compendial Procedures (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1775

REAGENTS, INDICATORS, AND SOLUTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1777
Reagent Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1777

3,5-Dinitrobenzoyl Chloride (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1777
Nitric Acid, Diluted (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1777
Octanesulfonic Acid Sodium Salt (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1777
Sodium 1-Octanesulfonate (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1777
Sodium Perchlorate (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1777
Sodium Phosphate, Dibasic, Heptahydrate (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1778
Sodium Pyrophosphate (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1778

Volumetric Solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1778
Sodium Hydroxide, Normal (1 N) (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1778

Chromatographic Columns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1778
G##Octreotide Acetate, PTA-5 (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1778
L##Octreotide Acetate, Synergi Max-RP (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1779
L17 (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1779
L20 (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1779
L34 (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1779
L59 (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1779

REFERENCE TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1780
Container Specifications for Capsules and Tablets (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1780
Description and Solubility (USP 35) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1782

PENDING AND CANCELED PROPOSALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1783

In-P
rocess

R
evision

#2010 The United States Pharmacopeial Convention All Rights Reserved.

Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1495



Pharmacopeial Forum
1496 IN-PROCESS REVISION Vol. 36(6) [Nov.–Dec. 2010]

Mobile phase:  Methanol and Buffer (1:4)USP MONOGRAPHS System suitability solution:  ■1 mg/mL■2S (USP33) of USP Aztre-
onam RS and ■1 mg/mL■2S (USP33) of USP Aztreonam E-Isomer
RS in Mobile phase

Standard solution:  1 mg/mL of USP Aztreonam RS in Mobile
phase

Sample solution:  1 mg/mL of Aztreonam in Mobile phase
BRIEFING Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV ■254 nm■2S (USP33)Aztreonam,  page R-1381 of the Second Supplement to the USP
Column33–NF 28 Reissue. The monograph is revised to delete the use of

Guard:  2-mm × 10-cm; packing L2a guard column in the Assay. This column is no longer available.
▲

▲USP35The sponsor of the Assay procedure indicates that there is no
Analytical:  ■3.9-mm■2S (USP33) × 30-cm; ■10-µm■2S (USP33)need to include a guard column in the method.
packing L1

Flow rate:  1.5 mL/min
Injection size:  ■10 µL■2S (USP33)(SM1: A. Wise.) RTS—C85308 System suitability
Samples:  System suitability solution and Standard solution
[NOTE—The relative retention times for aztreonam and aztre-
onam E-isomer are ■1.0 and 1.8,■2S (USP33) respectively.]

. Suitability requirementsAztreonam Resolution:  NLT 2.0 between aztreonam and aztreonam E-
isomer, System suitability solution

Tailing factor:  NMT ■2■2S (USP33) for aztreonam, System suit-
ability solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C13H17N5O8S2 in the portion of
Aztreonam taken:

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

C13H17N5O8S2 435.43 rU = peak response from the Sample solutionPropanoic acid, 2-[[[1-(2-amino-4-thiazolyl)-2-[(2-methyl-4-oxo-1- rS = peak response from the Standard solutionsulfo-3-azetidinyl)amino]-2-oxoethylidene]amino]oxy]-2- CS = concentration of USP Aztreonam RS in the Stan-methyl-, [2S-[2α,3β(Z)]]-; dard solution (mg/mL)(Z)-2-[[[(2-Amino-4-thiazolyl)[[(2S,3S)-2-methyl-4-oxo-1-sulfo-3- CU = concentration of Aztreonam in the Sample solu-azetidinyl]carbamoyl]methylene]amino]oxy]-2-methylpropionic tion (mg/mL)acid [78110-38-0]. P = potency of USP Aztreonam RS (µg/mg)
F = unit conversion factor (0.001 mg/µg)DEFINITION

Acceptance criteria:  ■92.0%–105.0% on the anhydrous and
solvent-free basis■2S (USP33)

Change to read:
IMPURITIES
Inorganic Impurities

■Aztreonam, which may be anhydrous or hydrated, contains NLT • RESIDUE ON IGNITION 〈281〉:  NMT 0.1%, the charred residue
92.0% and NMT 105.0% of C13H17N5O8S2, calculated on the being moistened with 2 mL of nitric acid and 5 drops of sulfu-
anhydrous and solvent-free basis.■2S (USP33) ric acid

• HEAVY METALS, Method II 〈231〉:  NMT 30 ppmIDENTIFICATION
• INFRARED ABSORPTION 〈197K〉:  If a difference appears in the IR

spectra of the analyte and the standard, dissolve equal por- Add the following:
tions of the test specimen and the reference standard in equal
volumes of methanol.

■Organic impurities[NOTE—To achieve a complete dissolution, it is suggested to
• PROCEDUREuse about 25 mL of methanol for each 50 mg of material,

[NOTE—Store the System suitability solution, Standard solution,and stir the mixture for 40 min at room temperature.]
and Sample solution at 5°, and protect from light to preventEvaporate the solutions to dryness under vacuum, and dry at
isomerization of aztreonam Z-isomer to aztreonam E-isomer.]40° for 4 h under vacuum. Perform the test on the residues.

Mobile phase, System suitability solution, Standard solu-
ASSAY tion, Sample solution, Chromatographic system, and Sys-

tem suitability:  Proceed as directed in the Assay.
AnalysisChange to read: Samples:  Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of
Aztreonam taken:• PROCEDURE

■[NOTE—Store the System suitability solution, Standard solution, Result = (rU/rS) × (CS/CU) × P × F × 100and Sample solution at 5° and protect from light to prevent
isomerization of aztreonam Z-isomer to aztreonam E- rU = peak response of each impurity from the Sampleisomer.]■2S (USP33) solutionBuffer:  6.8 mg/mL of monobasic potassium phosphate in rS = peak response of aztreonam from the Standardwater. Adjust with 1 M phosphoric acid to a pH of solution

■3.0.■2S (USP33)
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CS = concentration of USP Aztreonam RS in the Stan- Mode:  GC
dard solution (mg/mL) Detector:  Flame ionization

CU = concentration of Aztreonam in the Sample solu- Column:  0.53-mm × 30-m; phase G43
tion (mg/mL) Film thickness:  3.0 µm

P = potency of USP Aztreonam RS (µg/mg) Temperature
F = unit conversion factor (0.001 mg/µg) Injector:  210°

Acceptance criteria Detector:  280°
Individual impurities:  See Table 1. Column:  See Table 2.

Table 1 Table 2

Relative Acceptance Hold Time
Retention Criteria, Initial Temperature Final at Final

Name Time NMT (%) Temperature Ramp Temperature Temperature
(°) (°/min) (°) (min)Open-ring aztreonama and open-ring 0.55 1.0

desulfated aztreonamb,c 50 0 50 5
Aztreonam (Z-isomer) 1.0 — 50 10 200 4
Desulfated aztreonamd 1.6 1.5

Carrier gas:  He
Aztreonam E-isomere 1.8 0.5 Linear velocity:  35 cm/s
Aztreonam ethyl esterf 3.9 1.5 Injection mode:  Split
Any individual unspecified impurity — 0.1 Split ratio:  5:1
Total impurities — 3.0 Injection size:  0.5 µL

System suitabilitya (2S,3S)-2-{(Z)-2-[2-Aminothiazol-4-yl]-2-[2-carboxypropan-2-yloxyimi-
[NOTE—The relative retention times for alcohol and acetoni-no]acetamido}-3-(sulfoamino)butanoic acid.
trile are 1.0 and 1.3, respectively.]b (2S,3S)-3-Amino-2-{(Z)-2-[2-aminothiazol-4-yl]-2-[2-carboxypropan-2-yloxy-

Sample:  Standard solutionimino]acetamido}butanoic acid.
Suitability requirementsc Open-ring aztreonam and open-ring desulfated aztreonam coelute. The limit

Resolution:  NLT 2.0 between alcohol and acetonitrileis for the sum of these two impurities.
Tailing factor:  NMT 1.5d (Z)-2-({[(2-Amino-4-thiazolyl){[(2S,3S)-2-methyl-4-oxo-3-aze-
Relative standard deviation:  NMT 2.0%tidinyl]carbamoyl}methylene]amino}oxy)-2-methylpropionic acid.

Analysise (E)-2-({[(2-Amino-4-thiazolyl){[(2S,3S)-2-methyl-4-oxo-1-sulfo-3-aze-
Samples:  Standard solution and Sample solutiontidinyl]carbamoyl}methylene]amino}oxy)-2-methylpropionic acid.
Calculate the percentage of alcohol in the portion of Aztre-f Ethyl (Z)-2-({[(2-amino-4-thiazolyl){[(2S,3S)-2-methyl-4-oxo-1-sulfo-3-aze-
onam taken:tidinyl]carbamoyl}methylene]amino}oxy)-2-methylpropionate.

■2S (USP33) Result = (RU/RS) × (CS × D/CU) × F × 100

SPECIFIC TESTS RU = peak response ratio of alcohol to acetonitrile
• STERILITY TESTS 〈71〉:  Where the label states that Aztreonam is from the Sample solution

sterile, it meets the requirements for Test for Sterility of the RS = peak response ratio of alcohol to acetonitrile
Product to Be Examined—Membrane Filtration, using Fluid A, to from the Standard solution
which 23.4 g of sterile arginine has been added to each 1000 CS = concentration of alcohol in the Standard solution
mL. (mL/mL)

• WATER DETERMINATION, Method I 〈921〉:  NMT 2.0%; if labeled D = density of alcohol (g/mL)
as the hydrated form: 12.0%–18.0%. [NOTE—The term hy- CU = concentration of Aztreonam in the Sample solu-
drated form refers to the α-form of Aztreonam, which is not a tion (mg/mL)
stoichiometric hydrate.] F = unit conversion factor (1000 mg/g)

• BACTERIAL ENDOTOXINS TEST 〈85〉:  Where the label states that Acceptance criteria:  NMT 4%■2S (USP33)
aztreonam is sterile or must be subjected to further processing
during the preparation of injectable dosage forms, it contains ADDITIONAL REQUIREMENTS
NMT 0.17 USP Endotoxin Unit/mg of aztreonam. • PACKAGING AND STORAGE:  Preserve in tight containers.

• LABELING:  Where it is intended for use in preparing injectable
dosage forms, the label states that it is sterile or must be sub-Add the following: jected to further processing during the preparation of inject-
able dosage forms. Where it is the hydrated form, the label so
indicates.■• LIMIT OF ALCOHOL

[NOTE—This test is to be performed if alcohol is used while
manufacturing Aztreonam.] Change to read:

Standard solution:  0.004 mL/mL of alcohol from USP Alcohol
Determination—Alcohol RS and 0.004 mL/mL of acetonitrile
from USP Alcohol Determination—Acetonitrile RS in dimethyl- • USP REFERENCE STANDARDS 〈11〉
formamide. [NOTE—The Standard solution contains 0.4% alco- ■USP Alcohol Determination—Acetonitrile RS
hol and 0.4% acetonitrile.] C2H3N 41.05

Sample solution:  80 mg/mL of Aztreonam and 0.004 mL/mL USP Alcohol Determination—Alcohol RS
of acetonitrile in dimethylformamide. [NOTE—Dissolve Aztre- C2H5OH 46.07■2S (USP33)

onam in dimethylformamide using 20% of the final volume, USP Aztreonam RS
add a suitable aliquot of USP Alcohol Determination—Acetoni- Propanoic acid, 2-[[[1-(2-amino-4-thiazolyl)-2-[(2-methyl-4-
trile RS, and dilute with dimethylformamide to volume. The oxo-1-sulfo-3-azetidinyl)amino]-2- oxoethylidene]ami-
concentration of acetonitrile in the Sample solution is 0.4%.] no]oxy]-2-methyl-, [2S-[2α,3β(Z)]]-.

Chromatographic system C13H17N5O8S2 435.43
(See Chromatography 〈621〉, System Suitability.) USP Aztreonam E-Isomer RS

(E)-2-({[(2-Amino-4-thiazolyl){[(2S,3S)-2-methyl-4-oxo-1-
sulfo-3-azetidinyl]carbamoyl}methylene]amino}oxy)-2-
methylpropionic acid.
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C13H17N5O8S2 435.43 Change to read:
USP Endotoxin RS

• B. PROCEDURE
Analysis:  Determine the absorbance of the Sample solution in

BRIEFING the Assay at 455 nm and that of the Sample stock solution in
the Assay at 340 nm.

Acceptance criteria:  The ratio of the absorbance at 455 nm
to that at 340 nm is NLT 1.5.Beta Carotene,  USP 32 page 1654. The following revisions are
 ▲The retention time of the major peak of the Sample solutionproposed on the basis of monograph modernization. It is pro-
corresponds to that of the Standard solution, as obtained inposed to replace the UV Assay procedure with an HPLC method.
the Content of Beta Carotene.▲USP35It is also proposed to replace the UV Identification test B with a

chromatographic retention time identification, and to add tests
ASSAYfor Content of Total Carotenoids and Alpha Carotene and Other

Related Compounds. The proposed liquid chromatographic pro-
cedures for Identification test B, Content of Beta Carotene, and Delete the following:
Alpha Carotene and Other Related Compounds are based on anal-
yses performed with the Supelco Suplex pKb-100 brand of L68
column. The typical retention times are 24.4 min for alpha caro- ▲• PROCEDURE
tene, 26.2 min for beta carotene, 28.1 min for 9-cis-beta caro- [NOTE—Perform this procedure in subdued light, using low-
tene, and 30.4 min for 13-cis-beta carotene. actinic glassware.]

Sample stock solution:  Dissolve 50 mg of Beta Carotene in
10 mL of acid-free chloroform in a 100-mL volumetric flask.
Dilute with cyclohexane to volume. Pipet 5 mL into a 100-mL(DS2010: H. Dinh.) RTS—C89499 volumetric flask, and dilute with cyclohexane.

Sample solution:  Sample stock solution with cyclohexane (1 in
10)

Spectrometric conditions
.

Analytical wavelength:  455 nmBeta Carotene Blank:  Cyclohexane
Analysis
Samples:  Sample solution and Blank
Determine the absorbance of Sample solution using the Blank.
Calculate the percentage of C40H56 in the portion of Beta
Carotene taken:

 
Result = [(400 × AU)/AS] × 100

C40H56 536.87
β,β-Carotene; AU = absorbance of the Sample solution
all-trans-β-Carotene; AS = absorptivity of pure beta carotene, 250
(all-E)-1,1′-(3,7,12,16-Tetramethyl-1,3,5,7,9,11,13,15,17- Acceptance criteria:  96.0%–101.0%▲USP35

octadecanonaene-1,18-diyl)bis[2,6,6-trimethylcyclohexene]
COMPOSITION[7235-40-7].

DEFINITION Add the following:

Change to read:
▲• CONTENT OF TOTAL CAROTENOIDS

[NOTE—Use low-actinic glassware.]
Beta Carotene contains NLT 96.0% and NMT 101.0% of C40H56. Sample stock solution:  0.1 mg/mL of Beta Carotene in
▲Beta Carotene contains NLT 96.0% and NMT 101.0% of total tetrahydrofuran

caroteneoids calculated as beta carotene (C40H56). It contains Sample solution:  Transfer 3.0 mL of Sample stock solution into
NLT 95.0% of all-trans-beta carotene in the total carotenoids a 100-mL volumetric flask, and dilute with cyclohexane to
content.▲USP35 volume.

Instrumental conditions
IDENTIFICATION (See Spectrophotometry and Light-Scattering 〈851〉.)

Analytical wavelength:  457 nm
Cell path:  1 cmChange to read:
Blank:  Cyclohexane

Analysis
Sample:  Sample solution• A. PROCEDURE
Calculate the percentage of total carotenoids (T) as beta caro-Analysis:  Determine the absorbances of the Sample solution in
tene (C40H56):the Assay at 455 and 483 nm.

Acceptance criteria:  The ratio of the absorbance at 455 nm
Result = A/(F × C)to that at 483 nm is 1.14–1.18.

▲Sample solution:  Prepare as directed for the Sample solution
A = absorbance of the Sample solutionin the test for Content of Total Carotenoids.
F = 2505, coefficent of extinction (E1%) of pure all-Analysis:  Record the UV-Vis spectrum from 300–600 nm.

trans-beta carotene in cyclohexane (100 mL ·Acceptance criteria:  The Sample solution shows a shoulder at
g -1 · cm-1)about 427 nm, an absorption maximum at about 455 nm,

C = nominal concentration of Sample solution (g/mL)and another maximum at about 483 nm. The absorbance ra-
Acceptance criteria:  96.0%–101.0% of total caroteneoids astio A455/A483 is 1.14 –1.18▲USP35
beta carotene (C40H56)▲USP35
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rU = peak area response of all-trans-beta caroteneAdd the following:
from the Sample solution

rT = [(peak area of all-trans-alpha carotene x 1.1) +
▲• CONTENT OF BETA CAROTENE (peak area of all-trans-beta carotene) + (peak

[NOTE—Use low-actinic glassware.] area of 9-cis-beta carotene) + (peak area of 13-
Mobile phase:  Transfer 50 mg of butylated hydroxytoluene cis-beta carotene x 1.2) + (peak area of 15-cis-
into a 1-L volumetic flask and dissolve with 20 mL of 2-propa- beta carotene x 1.4) + (sum of peak area of
nol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL of 0.2% other cis-isomers of beta carotene)] from the
ammonium acetate solution, 455 mL of acetonitrile, and Sample solution
about 450 mL of methanol. Allow the solution to reach to Acceptance criteria:  NLT 95.0% of all-trans-beta carotene in
room temperature, and dilute with methanol to volume. the total carotenoids content▲USP35

Diluent:  50 µg/mL of butylated hydroxytoluene in alcohol
System suitability solution:  Transfer 20 mg of USP Beta Caro- Add the following:tene System Suitability RS to a 50-mL volumetric flask. Add 1
mL of water, 4 mL of tetrahydrofuran, and sonicate for 5 min.
Dilute with Diluent to volume, and sonicate for 5 min. Cool to ▲• ALPHA CAROTENE AND OTHER RELATED COMPOUNDS
room temperature, pass the suspension through a membrane Mobile phase, System suitability solution, Standard solution,
filter of 0.45-µm pore size, and use the clear filtrate. Sample solution and Chromatographic system:  Proceed as

Standard solution:  10 µg/mL of USP Beta Carotene RS in directed in the test for Content of Beta Carotene.
tetrahydrofuran and Diluent (1:9). Dissolve an appropriate Analysis
amount of USP Beta Carotene RS in a volumetric flask first Sample:  Sample solution
with tetrahydrofuran, using 10% of the volume of the flask, Injection size:  20 µL
then complete with Diluent to volume. Calculate the percentage of alpha carotene and other individ-

Sample solution:  Dilute the freshly prepared Sample stock so- ual related compounds relative to total carotenoids in the
lution as prepared in the test for Content of Total Carotenoids portion of sample taken:
(1 in 10) with Diluent.

Chromatographic system Result = (rU/rT) × 100
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC rU = (peak area response of all-trans-alpha carotene x
Detector:  UV 448 nm 1.1) or (peak area response of other individual
Column:  4.6-mm × 25-cm; 5-µm packing L68 related compounds x appropriate relative re-
Column temperature:  30° sponse factor, Table 1) in the Sample solution
Flow rate:  0.6 mL/min rT = [(peak area of all-trans-alpha carotene x 1.1) +
Injection size:  20 µL (peak area of all-trans-beta carotene) + (peak

System suitability area of 9-cis-beta carotene) + (peak area of 13-
Samples:  System suitability solution and Standard solution cis-beta carotene x 1.2) + (peak area of 15-cis-
The approximate relative retention times of the components beta carotene x 1.4) + (sum of peak area of
in the System suitability solution are listed in Table 1 other cis-isomers of beta carotene)] in the Sam-

ple solution
Acceptance criteriaTable 1
Alpha carotene:  NMT 1.0%

Relative Relative Total related compounds (including alpha carotene):  NMT
Retention Response 5.0%▲USP35

Analyte Time Factor
IMPURITIESAll-trans-alpha carotene 0.93 1.1
• RESIDUE ON IGNITION 〈281〉:  NMT 0.2%, 2 g of specimen beingAll-trans beta carotene 1.00 1 used

9-cis-Beta carotene 1.07 1 • HEAVY METALS, Method II 〈231〉:  NMT 10 ppm
13-cis-Beta carotene 1.17 1.2

SPECIFIC TESTS15-cis-Beta carotene 1.21 1.4
• MELTING RANGE OR TEMPERATURE 〈741〉:  176°–182°, with

Suitability requirements decomposition
Chromatogram similarity:  The chromatogram from the • LOSS ON DRYING 〈731〉:  Dry a sample in vacuum over phos-
System suitability solution is similar to the Reference Chro- phorus pentoxide at 40° for 4 h: it loses NMT 0.2% of its
matogram provided with the USP Beta Carotene System weight.
Suitability RS being used.

ADDITIONAL REQUIREMENTSResolution:  NLT 1.5 between all-trans-beta carotene and
• PACKAGING AND STORAGE:  Preserve in tight, light-resistantall-trans-alpha carotene and between all-trans-beta caro-

containers.tene and 9-cis-beta carotene, System suitability solution
• USP REFERENCE STANDARDS 〈11〉Tailing factor:  NMT 2.0 for the all-trans-beta carotene

USP Beta Carotene System Suitability RSpeak, Standard solution
USP Beta Carotene RSRelative standard deviation:  NMT 2.0% for the all-trans-
(all-E)-1,1′-(3,7,12,16-Tetramethyl-1,3,5,7,9,11,13,15,17-beta carotene peak from replicate injections, Standard
octadecanonaene-1,18-diyl)bis[2,6,6-trimethylcyclohexene]solution

Analysis
Sample:  Sample solution
Record the chromatograms, and identify the peaks of the rele-
vant analytes in the chromatogram of the Sample solution by
comparing with those in the chromatogram of the System
suitability solution. Measure the peak area responses. Calcu-
late the percentage of all-trans-beta carotene relative to total
carotenoids in the sample taken:

Result = (rU/rT) × 100
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BRIEFING CS = concentration of USP Bisoprolol Fumarate RS in
the Standard solution (mg/mL)

CU = nominal concentration of bisoprolol fumarate in
the Sample solution (mg/mL)Bisoprolol Fumarate Tablets,  USP 32 page 1691 and page

Acceptance criteria:  90.0%–105.0%4033 of the First Supplement to USP 32. It is proposed to correct
the length of the HPLC column used in Dissolution Test 1. PERFORMANCE TESTS

Change to read:(SM2: M. Marques.) RTS—C93961

• DISSOLUTION 〈711〉
Test 1

. Medium:  Water; 900 mLBisoprolol Fumarate Tablets Apparatus 2:  75 rpm
Time:  20 min

DEFINITION Determine the amount of (C18H31NO4)2 · C4H4O4 dissolved by
Bisoprolol Fumarate Tablets contain NLT 90.0% and NMT using the following method.

105.0% of the labeled amount of bisoprolol fumarate Diluent:  Methanol, triethylamine, phosphoric acid, and water
[(C18H31NO4)2 · C4H4O4]. (160:5:2.5:35)

Mobile phase:  Methanol, triethylamine, and water (34:1:50).IDENTIFICATION Adjust with phosphoric acid to a pH of 4.0 ± 0.1.• THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 Standard stock solution:  USP Bisoprolol Fumarate RS inSample solution:  Equivalent to 40 mg of bisoprolol fumarate, water to obtain a solution having a known concentration offrom powdered Tablets (NLT 5), in a 50-mL flask. Add about about twice the concentration of bisoprolol fumarate in the20 mL of a mixture of dichloromethane and methanol (7:3), Sample solutionshake for 30 min, centrifuge, and use the clear solution. Standard solution:  Standard stock solution and Diluent (1:1)Application volume:  20 µL Sample solution:  Sample per Dissolution 〈711〉. Withdraw aDeveloping solvent system:  Dichloromethane, methanol, and portion of the solution under test, filter, and dilute with anammonia TS, stronger (70:10:0.8) equal volume of Diluent.Analysis Chromatographic systemSample:  Sample solution (See Chromatography 〈621〉, System Suitability.)Proceed as directed in the chapter, except to develop the Mode:  LCchromatogram until the solvent front has moved about two- Detector:  UV 227 nmthirds of the length of the plate and to dry the plate in a Column:  4.6-mm × 33-cm▲mm;▲USP35 packing L7current of cold air. Flow rate:  1 mL/min
Injection size:  50 µLASSAY

System suitability• PROCEDURE
Sample:  Standard solutionDiluent:  Acetonitrile and water (7:13)
Suitability requirementsMobile phase:  A 1-L portion of Diluent. Add 5 mL of
Relative standard deviation:  NMT 2.0%heptafluorobutyric acid, 5 mL of diethylamine, and 2.5 mL of

Analysisformic acid.
Samples:  Standard solution and Sample solutionSystem suitability solution:  0.5 mg/mL of propranolol hydro-

Tolerances:  NLT 80% (Q) of the labeled amount ofchloride and 1 mg/mL of bisoprolol fumarate in Diluent
(C18H31NO4)2 · C4H4O4 is dissolved.Standard solution:  1 mg/mL of USP Bisoprolol Fumarate RS

Test 2:  If the product complies with this test, the labelingin Diluent
indicates that it meets USP Dissolution Test 2.Sample solution:  Transfer an equivalent of 25 mg of
Medium:  0.5 M sodium chloride; 900 mLbisoprolol fumarate, from powdered Tablets (NLT 20), to a 25-
Apparatus 2:  75 rpmmL volumetric flask. Add 10 mL of Diluent, and sonicate for
Time:  20 min10 min. Cool, dilute with Diluent to volume, and mix. Centri-
Analysis:  Proceed as directed for Test 1 with the followingfuge for 20 min, and use the clear supernatant.
modifications.Chromatographic system

Diluent:  Prepare a mixture of methanol, 0.1 N hydrochloric(See Chromatography 〈621〉, System Suitability.)
acid, triethylamine, and phosphoric acid (160:35:5:2.5). TheMode:  LC
dimensions of the column are 4.6 mm × 25 cm.Detector:  UV 273 nm

Tolerances:  NLT 80% (Q) of the labeled amount ofColumn:  4.6-mm × 12.5-cm; packing L7
(C18H31NO4)2 · C4H4O4 is dissolved.Flow rate:  1 mL/min

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirementsInjection size:  10 µL
System suitability ADDITIONAL REQUIREMENTSSamples:  System suitability solution and Standard solution • PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-Suitability requirements tainers, and store at controlled room temperature.Resolution:  NLT 7.0 between bisoprolol and propranolol, • LABELING:  When more than one Dissolution test is given, theSystem suitability solution labeling states the Dissolution test used only if Test 1 is notTailing factor:  NMT 2.0, Standard solution used.Relative standard deviation:  NMT 2.0%, Standard solution • USP REFERENCE STANDARDS 〈11〉Analysis USP Bisoprolol Fumarate RSSamples:  Standard solution and Sample solution 2-Propanol, 1-[4-[[2-(1-methylethoxy)ethoxy]methyl]phe-Calculate the percentage of (C18H31NO4)2 · C4H4O4 in the por- noxy]-3-[(1-methylethyl)amino]-, (±)-, (E)-2-butenedioatetion of Tablets taken: (2:1) (salt).

(C18H31NO4)2 · C4H4O4 766.96Result = (rU/rS) × (CS/CU) × 100

rU = peak response from the Sample solution
rS = peak response from the Standard solution
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BRIEFING Anti-AB reagent:  Use approved commercially available anti-
AB blood grouping reagent. Use in accordance with manufac-
turer’s instructions.

Control preparations:  On the day of use, dilute Blood GroupRed Blood Cells,   USP 32 page 1698. The Biologics and Bio-
A1 (Control preparation A1) and Blood Group B (Control prepa-technology Blood and Blood Products Expert Committee has re-
ration B) red blood cells, obtained from an approved commer-viewed this monograph and has recommended that it be de-
cial source or prepared by the testing laboratory, with 0.9%leted, because the production of this article is covered in the
saline to suspensions of approximately the same concentrationregulations of the Food and Drug Administration concerning bi-
between 2% and 5% (v/v). [NOTE—If the Blood Group A1 andologics (see the Code of Federal Regulations).
Blood Group B red blood cells are prepared in the testing
laboratory from whole blood of a known blood group, it must
be prepared on the day of use according to the following

(BIO2: M. Kibbey.) RTS—C94648 procedure: centrifuge at 4° a suitable volume of Whole Blood
at 5000 g for 5 min. Remove the plasma from the top, taking
care not to disturb the pellet of red blood cells at the bottom.
Add 0.9% saline to obtain a final volume that is about equal
to the volume of Whole Blood. Resuspend the pellet, and cen-
trifuge as above. Repeat the procedure once more. Dilute theDelete the following:
red blood cells with 0.9% saline to a suspension to obtain a
concentration of red blood cells that is about the same as

. those of the Control preparations.]
Sample preparation:  On the day of use, dilute Red Blood▲Red Blood Cells
Cells with 0.9% saline to a suspension of about the same con-
centration as the Control preparations.DEFINITION

AnalysisRed Blood Cells is the portion of blood that contains hemoglobin
Samples:  Control preparations and Sample preparationsand is derived from human whole blood, from which plasma
On a suitable U-bottomed microtiter plate, place 1 drop ofand platelets are removed by centrifugation, sedimentation, or
0.9% saline in each of three different wells in a row (Blankby apheresis. In the case of apheresis, the plasma is automati-
row). Place 1 drop from one of the lots of Anti-A reagent incally removed and returned directly to the donor. Red Blood
each of three different wells in a second row. Place 1 dropCells derived from whole blood may be prepared at any time
from the second lot of Anti-A reagent in each of three differ-during the dating period of the whole blood from which it is
ent wells in a third row. Repeat the same with two differentderived.
lots of Anti-B reagent and one lot of Anti-AB reagent in sepa-Red Blood Cells may be further processed by addition of red cell
rate rows. To each row add 1 drop of Control preparation A1,preservatives, irradiation to inactivate lymphocytes, filtration for
Control preparation B, and the Sample preparation in the first,removal of leukocytes, washing to remove proteins, freezing
second, and the third well, respectively, of each row. Mixand thawing, or rejuvenation using validated and approved
the contents of the wells by gently tapping the sides of theprocedures. The source blood for Red Blood Cells must be
plate. Centrifuge the plate at the appropriate conditions es-tested for syphilis, hepatitis B virus, hepatitis C virus, Human T-
tablished for the centrifuge. Resuspend the cell buttons bycell Lymphotropic Virus (HTLV) type I and type II, human
manually tapping the plate, or with the aid of a suitableimmunodeficiency virus (HIV) type 1 and type 2, and unex-
mechanical shaker. Read the optical densities at differentpected antibodies to red cell antigens using FDA-approved and
wells using a suitable automated photometric microtiterlicensed commercially available test kits, the results of which
plate reader. Compare the optical density of each well inmust be below the limits of detection specified in the respec-
the Blank row with the optical density of the wells to whichtive test kits by the manufacturers. In addition, the source
the corresponding Control preparation A1, Control preparationblood must also be tested for hepatitis C and HIV using FDA-
B, or Sample preparation were added. [NOTE—A high opticalapproved nucleic acid assays, the results of which must be be-
density comparable to those obtained for the wells in thelow the approved limits of detection for the method. A unit
Blank row indicates negative results (no hemagglutination),(dose) of Red Blood Cells contains a minimum of 50 g of he-
which can be corroborated by visual observation of smoothmoglobin in a total volume of approximately 180 to 325 mL. A
suspensions. A low optical density indicates positive resultsunit (dose) of Red Blood Cells, Leukocytes Reduced contains a
(hemagglutination), which can be corroborated by visualminimum of 42.5 g of hemoglobin in a total volume of approx-
observation of formation of clumps.] The blood group ofimately 150 to 275 mL, and has a residual leukocyte count of
Red Blood Cells is A, B, AB, or O, accordingly, as the Sampleless than 5 × 106. A unit (dose) of Red Blood Cells, Deglycer-
preparation is hemagglutinated by Anti-A reagent, Anti-B rea-olized contains a minimum of 40 g of hemoglobin in a total
gent, both reagents, or neither, respectively. The bloodvolume of approximately 180 to 325 mL. A unit (dose) of Red
group of the Sample preparation conforms to the bloodBlood Cells, Leukocytes Reduced and Deglycerolized contains a
group indicated on the label. The test is not valid if Controlminimum of 34 g of hemoglobin in a total volume of approxi-
preparations for Blood Group A and Blood Group B redmately 180 to 325 mL and has a residual leukocyte count of
blood cells are not agglutinated by Anti-A reagent and Anti-Bless than 5 × 106. A unit (dose) of Red Blood Cells, Pheresis
reagent, respectively, or if both Control preparations are notcontains a mean hemoglobin content of 60 g of hemoglobin. A
agglutinated by Anti-AB reagent. The test is also not valid ifunit (dose) of Red Blood Cells, Pheresis, Leucocytes Reduced
the Sample preparation is not agglutinated by Anti-AB rea-contains a mean hemoglobin content of 51 g (or 153 mL
gent but is agglutinated by either Anti-A reagent or Anti-Bpacked red cell volume) and has a residual leukocyte count of
reagent, or is agglutinated by Anti-AB reagent but not byless than 5 × 106.
either Anti-A reagent or Anti-B reagent.

IDENTIFICATION • B. RH TYPE
• A. ABO BLOOD GROUP Test 1

Anti-A reagent:  Use approved commercially available Anti-D (Rho) reagent:  Use anti-D (Rho) blood grouping rea-
monoclonal or polyclonal anti-A blood grouping reagent, two gent approved for use in microtiter plate tests. Dilute, if nec-
different lots from the same or different manufacturers. Use in essary, following the manufacturer’s instructions.
accordance with manufacturer’s instructions. Sample preparation:  On the day of use, dilute Red Blood

Anti-B reagent:  Use approved commercially available Cells with 0.9% saline to obtain a 2% to 5% suspension.
monoclonal or polyclonal anti-B blood grouping reagent, two Analysis:  On a suitable U-bottom microtiter plate, place 1
different lots from the same or different manufacturers. Use in drop each of 0.9% saline and Anti-D (Rho) reagent in two
accordance with manufacturer’s instructions. separate wells. Label them as the B well (Blank) and the T
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well, respectively. Add 1 drop of Sample preparation to each Add 1 mL of water, then dissolve in and dilute with water to
well, and mix by gently tapping the side of the plate. Centri- volume, and mix.
fuge the plate at appropriate conditions established for the Standard solution B:  Mix 50 µL of Standard solution A with
centrifuge. Resuspend the cell buttons by manually tapping 25 µL of water.
the plate or with the aid of a suitable mechanical shaker. Standard solution C:  Mix 50 µL of Standard solution A with
Read the optical densities of the wells using a suitable auto- 100 µL of water.
mated photometric microtiter plate reader, and determine if Test solution:  Mix 50 µL of Red Blood Cells with 50 µL of
the Red Blood Cells in the T well are agglutinated as de- water.
scribed under Identification test A. If the T well indicates neg- Analysis:  Label suitable tubes as B1, B2, SA1, SA2, SB1, SB2,
ative results (no hemagglutination), incubate the plate at 37° SC1, SC2, T1, and T2. Add 5.0 mL of Drabkin’s solution to
for 15 min, centrifuge, resuspend the cells, and read the op- each tube. Add 20 µL of water to each of B1 and B2, 20 µL of
tical densities of the wells as above. Agglutination of cells Standard solution A to each of SA1 and SA2, 20 µL of Standard
after immediate-spin or after 37° incubation indicates Rh pos- solution B to each of SB1 and SB2, 20 µL of Standard solution
itive typing of Red Blood Cells. The test is valid if cells in the C to each of SC1 and SC2, and 20 µL of Test solution to each
B well are not agglutinated. If the cells are not agglutinated of T1 and T2, rinsing the pipet tip three to four times with
in the T well, proceed as directed in Test 2. Drabkin’s solution, and mix. Allow to stand for at least 15 min

Test 2 at room temperature. [NOTE—Red Blood Cells with apprecia-
Anti-D reagent:  Use an anti-D blood grouping reagent ap- ble carboxyhemoglobin content, such as those obtained from
proved for use for a weak D blood group test. smokers, may require longer reaction time. If the donor char-

Antihuman globulin reagent:  Use polyspecific or anti-IgG acteristics are not known, the incubation time should be opti-
antihuman globulin reagent. Dilute, if necessary, following mized prior to testing.] Read the absorbances of the solutions
the manufacturer’s instructions. against the solution in tube B1 at 540 nm. The absorbance of

Control preparation:  Use IgG-coated red cells approved for the solution in tube B2 is recorded at the end. The test is not
use as a control for Rh typing. Dilute with 0.9% saline to valid if the absorbance of the solution in tube B2 is not within
obtain a 2% solution. ± 0.005.

Sample preparation:  Prepare as directed for Test 1. Calculations:  Calculate the concentrations, in mg/mL, of he-
Analysis:  Place 1 drop of 0.9% saline into a suitable test tube moglobin in Standard solutions A, B, and C. Plot a calibration
and 1 drop of Anti-D reagent in another, and mark them as curve of absorbance values against the hemoglobin concentra-
the Blank and Anti-D, respectively. To each tube add 1 drop tion by drawing a best-fit straight line using the least-square
of the Sample preparation, mix, and incubate at 37° for 15 to linear regression analysis. From the absorbance value of the
30 min. Centrifuge the tubes at about 1000 g for 15 to 30 s. Test solution, obtain the concentration, in mg/mL, of hemo-
Gently resuspend the cell buttons, and examine them for globin in the Test solution. Multiply the value by 2 to obtain
hemagglutination (formation of clump) by visual examina- the concentration, in mg/mL, of hemoglobin in Red Blood
tion. The Rh typing of Red Blood Cells is positive or negative Cells.
according to whether the cells in Anti-D tube are agglutin- Calculate the total hemoglobin content in the Red Blood Cells
ated or not. If the cells are not agglutinated, add 1 mL of unit, in g, using the formula:
0.9% saline to the Anti-D tube, and resuspend the cells. Cen-

Result = Conc. of hemoglobin (mg/mL) × the volume of thetrifuge the tube at about 1000 g for 1 min, and remove the
Red Blood Cells unit (mL)/103saline completely. Repeat the step two to three times more

to wash the Red Blood Cells. Add 1 drop of 0.9% saline and
• LEUKOCYTE COUNT1 to 2 drops of Antihuman globulin reagent to the Anti-D

Sample preparation:  Pipet 40 µL of a suitable red cell-lysingtube. Mix gently, and centrifuge the tube at about 1000 g
agent into a clean test tube, and add 100 µL of Red Bloodfor 15 to 30 s. Gently resuspend the cell button, add 1 drop
Cells diluted with 0.9% saline, if necessary, such that theof Control preparation, mix gently, centrifuge as above, and
hematocrit of Red Blood Cells is NMT 60%. Mix by pipettingexamine for agglutination. The Rh Type of the Sample prepa-
up and down several times.ration conforms to the Rh Type indicated on the label. The

Analysis:  Add 360 µL of 0.01% (w/v) crystal violet in 15% (v/test is not valid if the cells in the Anti-D tube are not agglu-
v) acetic acid into the mixture, and mix thoroughly. Fit a he-tinated after adding the Control preparation. Also, for the test
mocytometer with a 50-µL counting volume and a brightto be valid, the cells in the Blank tube must not be
background, with a cover slip, and load the counting chamberagglutinated.
with the mixture until the counting area is completely covered

SPECIFIC TESTS but not overfull. Cover the counting chamber with a suitable
• VISUAL INSPECTION:  Inspect visually during storage and immedi- moist lid to prevent evaporation, and allow to settle undis-

ately prior to use. If the color or physical appearance is abnor- turbed for 10–15 min. Remove the lid, and place the chamber
mal or there is any indication or suspicion of microbial con- on the stage of a light microscope fitted with 10× ocular lens
tamination, the unit is unsuitable for transfusion. and 20× objective. Count the leukocytes in the entire 50-µL

• HEMOGLOBIN CONTENT counting volume. Calculate the leukocyte count in Red Blood
Drabkin’s solution:  Dissolve Drabkin’s reagent in a suitable Cells, expressed in leukocytes/µL, by dividing the observed
volume of water, and add a suitable volume of a 30% (w/v) leukocyte count by 10.
polyoxyethylene (23) lauryl ether solution such that the final Calculate the total number of leukocytes in the Red Blood
concentrations of potassium cyanide, potassium ferrocyanide, Cells unit by using the following formula:
and polyoxyethylene (23) lauryl ether in the solution are ap-

Total leukocytes = leukocytes/µL × 103 × the volume of theproximately 0.75 mM, 0.6 mM, and 0.015%, respectively.
Red Blood Cells unit (mL)Store the solution in the dark between 18° and 26°. 

[CAUTION–Drabkin’s reagent and Drabkin’s solution contain
• ADEQUACY OF DEGLYCEROLIZATION (for Red Blood Cells, Deglycer-cyanide and are HIGHLY TOXIC. Do not inhale, swallow, or

olized):  Interrupt the last wash cycle of the deglycerolizationallow contact with skin or with eyes. Wear suitable protec-
process at a point where the wash fluid is visible in the cleartive clothing, gloves, and eye and face protection. Do not
tubing segment leading to the waste receptacle. Hold the tub-mix with acids. Contact with acids liberates a very toxic gas.
ing against a well-lighted, white background. Note the colora-If ingested, perform gastric lavage, and immediately call a
tion of the fluid in the tubing, and compare it to a suitablephysician.]
hemolysis color comparator standard. The color of the fluidBlank solution:  Water
should be no stronger than the block indicating 3% hemolysis.Standard solution A:  Transfer about 300 mg of USP Hemo-
[NOTE—If the level of hemolysis is more than 3%, continue theglobin RS, accurately weighed, to a 2-mL volumetric tube.
wash process, and repeat the test until the color is within ac-
ceptable limits.]
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ADDITIONAL REQUIREMENTS Label it to indicate the ABO Group/Rh Type, as indicated in
• PACKAGING AND STORAGE:  Collect into an approved container Table 2. [NOTE—Every Red Blood Cell product must have a

(see Transfusion and Infusion Assemblies and Similar Medical De- determination made as to its ABO Group and Rh Type and
vices 〈161〉) containing a sterile, pyrogen-free, approved anti- specificity of unexpected red cell antibodies, if any.]
coagulant (see Anticoagulant Citrate Dextrose Solution, Anticoag- If an ABO blood group color scheme is used, use the follow-
ulant Citrate Phosphate Dextrose, or Anticoagulant Citrate ing labeling color: Group A (yellow), Group B (pink), Group
Phosphate Dextrose Adenine Solution). An approved additive so- O (blue), and Group AB (white).
lution may be added after removal of the plasma. Store Red Label the Red Blood Cells with names of the adventitious
Blood Cells in the original container, or transfer to an equiva- agents tested and the results of the tests. If it has been is-
lent container using a technique that does not compromise sued prior to determination of the test results, label it also
sterility. Liquid Red Blood Cells are stored at a temperature with a warning “Donor Untested” and to specify “Uncross-
between 1° and 6° (see General Notices and Requirements). Fro- matched Blood”, when appropriate.
zen Red Blood Cells are stored at −65° or colder.

• EXPIRATION DATE:  Red Blood Cells in Anticoagulant Citrate Dex- Table 2. Blood Group and Rh Type
trose Solution, in Anticoagulant Citrate Phosphate Dextrose Solu-
tion, or in Anticoagulant Citrate Phosphate Dextrose–Dextrose ABO Group Rh Type 
Solution may be stored for up to 21 days at 1° to 6° after the A Positive
blood has been drawn. Red Blood Cells in Anticoagulant Citrate A Negative
Phosphate Dextrose Adenine Solution may be stored for up to

B Positive35 days at 1°to 6°. Red Blood Cells may be stored in an ap-
B Negativeproved additive solution (AS)1 , for up to 42 day at 1°to 6°. If

AB Positivethe hermetic seal of the container is broken during collection,
preparation, or further processing, the expiration date is not AB Negative
later than 24 h after the seal is broken (when blood is stored O Positive
at 1°to 6°). The expiration date for frozen Red Blood Cells O Negative
prepared with low glycerol content (20% glycerol) is not later
than 10 years from the date of collection when stored at • USP REFERENCE STANDARDS 〈11〉
−120° or colder, except when Red Blood Cells are prepared for USP Hemoglobin RS▲USP35
freezing with high glycerol content (40% glycerol), in which
case it may be stored at −65° or colder for no later than 10
years from date of collection. If the frozen Red Blood Cells are
processed for freezing or for thawing, in an open system, the BRIEFING
expiration date for the thawed Red Blood Cells is 24 h after
removal from −65° storage, provided it is then stored at the
temperature of unfrozen Red Blood Cells. Platelets,   USP 32 page 1700. The Biologics and Biotechnology

• LABELING:  Label the container to indicate the volume of the Blood and Blood Products Expert Committee has reviewed this
whole human blood collected from the donor, the collection monograph and has recommended that it be deleted, because
date, the donation number or other coding means to uniquely the production of this article is covered in the regulations of the
identify the unit and to provide traceability to the donor, and Food and Drug Administration concerning biologics (see the
the expiration date. Label it to indicate the type of anticoagu- Code of Federal Regulations).
lant used to collect whole human blood and any additive solu-
tions added subsequent to collection. Label it also to identify
donor status (i.e., volunteer or paid). Label it also with the

(BIO2: M. Kibbey.) RTS—C94647following statements: “See Circular of Information for indica-
tions, contraindications, cautions, and methods of infusion”;
“Properly identify recipient”; and “Caution: Rx only.” In addi-
tion, label it to indicate the product name as indicated in Table
1. [NOTE—The name is determined by the method of prepara-
tion of the Red Blood Cells (derived from whole human blood Delete the following:
or from apheresis) and by performing the necessary testing to
ensure that the product meets the minimum requirements for

.the named products, as indicated in Table 1.]
▲Platelets

Table 1. Red Blood Cells Preparations
DEFINITION

Product Name Method of Preparation Platelets is the portion of blood that contains platelet cells. It is
Red Blood Cells Prepared from whole human blood derived from human whole blood from which red blood cells

and a portion of the plasma are removed by centrifugation,Red Blood Cells, Pheresis Prepared using automated apheresis sys-
sedimentation, or apheresis. In the apheresis removal method,tems
the red blood cells and plasma are automatically removed andRed Blood Cells, Leukocyte Prepared from Red Blood Cells or Red
returned directly to the donor. Platelets derived from wholeReduced Blood Cells, Pheresis (total leukocytes
blood must be prepared within 4 h after collecting the wholecount <5 × 106)
blood from which it is derived, or within the time frame speci-Red Blood Cells, Frozen Prepared from Red Blood Cells or Red
fied for the blood collecting, processing, and storage systemBlood Cells, Pheresis suspended in cry-
used.oprotective solution (glycerol) and frozen

Platelets may be derived from whole blood collected in any ap-at an appropriate temperature
proved anticoagulant solution (see USP monographs for antico-

Red Blood Cells, Deglycer- Prepared from Red Blood Cells, Frozen, agulant solutions). Platelets prepared by apheresis must be col-
olyzed from which glycerol is removed by lected using Anticoagulant Citrate Dextrose Solution A as the

washing by an approved procedure anticoagulant solution.
Platelets derived from whole blood should have a minimum of1AS contains sodium chloride, dextrose, adenine, and other substances that sup-

5.5 × 1010 platelet cells suspended in a volume of 40 to 70 mLport red cell survival and function. Examples of such solutions are AS-1, AS-3,
of original plasma. Platelets produced by apheresis should haveand AS-5.
a minimum of 3.0 × 1011 platelet cells, suspended in 100 to
500 mL of original plasma or in an approved additive solution.
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Platelets derived from whole blood or by apheresis may be fur- dicate the anticoagulant solution used and any additive
ther processed by filtration for removal of leukocytes, or by solutions added subsequent to collection. Also label the
irradiation to inactivate lymphocytes. Platelets derived from container to identify donor status (for example, volunteer or
whole blood may be pooled from multiple donors to form one paid). Label it also with the following statements: “See Circular
dose of platelets. of Information for the Use of Human Blood and Blood Compo-

Leukocytes may be removed from platelets by filtration, using an nents for indications, contraindications, cautions, and methods
approved platelet leukoreduction filter. Platelets derived from of infusion”; “Properly identify intended recipient”; “This prod-
whole blood must contain less than 8.3 × 105 leukocytes after uct may transmit infectious agents”; and “Rx only.” In addi-
filtration. tion, label the container to indicate the product name as indi-

The source blood for platelets must be tested for syphilis, hepati- cated in Table 1. [NOTE—The name is determined by the
tis B, and human T-cell Lymphotropic Virus (HTLV) Type I and method of platelets preparation (derived from whole blood or
Type II, using FDA-approved and -licensed commercially availa- by apheresis) and by performing the necessary testing to en-
ble test kits. The test results must be below the limits of detec- sure that the product meets the minimum requirements for
tion specified by the manufacturers of the respective test kits. the named products, as indicated in Table 1.].
The source blood must also be tested for hepatitis C and HIV
Type 1 and Type 2, using FDA-approved nucleic acid assays. Table 1. Names of Platelet Preparations
The test results must be below the approved limits of detection
for the tests used. Product Name Method of Preparation

Platelets Prepared from a single unit of whole human
IDENTIFICATION blood within 8 h of collection.• PROCEDURE

Platelets, Pooled Individual platelet units derived from wholeSample preparation:  Dilute a small volume of Platelets
human blood and pooled by aseptic tech-1:1000 with 0.9% sodium chloride solution.
niques. [NOTE—Label this solution with a uniqueAnalysis:  Place a small drop of the diluted platelets onto the
identifying number related to the number of indi-end of a clean glass microscope slide. Obtain a second clean
vidual units pooled, and with an expiration date ofglass microscope slide, and draw its edge across the drop of
4 h after pooling of the individual units.]platelets so that capillary action spreads the drop across the

Platelets, Pheresis Prepared by apheresis from a single donor.first slide. Push the second slide in one smooth motion across
Platelets, Leukocyte Prepared from whole blood, either by centrifuga-the first slide to make a smear of platelets. Allow the smear to
Reduced tion or by sedimentation, and filtered using andry. Apply a liberal amount (1–2 mL) of Wright’s stain to the

approved platelet leukoreduction filter to yieldplatelet smear, and allow to stand for 2 min. Dip the slide in
less than 8.3 × 105 white blood cells in the finaldeionized water, and gently blot dry with absorbent paper.
container.Examine the slide using a microscope at 100× with bright

illumination. Platelets appear as anuclear round or oval shapes Platelets, Pheresis, Contains less than 5 × 106 white blood cells, pre-
approximately 0.1–0.2 µm in diameter, with some fine purple Leukocyte Reduced pared by apheresis, with or without a filter.
granulation. The platelets may occasionally appear to have a

[NOTE—Platelets prepared by apheresis should be labeled withpurple center with clear cytoplasm at the periphery.
the donor’s ABO blood group and Rh factors. Test the do-

SPECIFIC TESTS nor’s whole blood or red blood cells as directed under Whole
• PLATELET COUNT:  Use a commercially available, validated hem- Blood or Red Blood Cells, respectively.]▲USP35

atology analyzer to determine platelet count. Proceed as di-
rected in the instrument’s operating manual.

• RESIDUAL LEUKOCYTE COUNT
Sample preparation:  Transfer 100 µL of Platelets into a suita- BRIEFING
ble test tube and add 400 µL of 0.01% (w/v) crystal violet in
15% acetic acid, and mix thoroughly.

Analysis:  Fit a hemocytometer with a 50-µL counting volume Budesonide,  page R-871 of the First Supplement to USP 33 Reis-
and a bright background with a cover slip. Load the counting sue. On the basis of data and comments received, it is proposed
chamber with the mixture until the counting area is com- to revise the Definition to lower the limit of budesonide epimer A
pletely covered, but do not overfill. Cover the counting cham- from NLT 44.0% to NLT 40.0%. The proposed limits are consis-
ber with a suitable moist lid to prevent evaporation, and allow tent with the limits in the European and British Pharmacopoeias
to settle undisturbed for 10–15 min. Remove the lid, and and the USP Dictionary.
place the chamber on the stage of a light microscope fitted
with a 10× ocular lens and 20× objective. Count the leuko-
cytes in the entire 50-µL counting volume. Calculate the leu-

(SM4: D. Vicchio.) RTS—C91888kocyte count in the platelets, expressed in leukocytes/µL, by
dividing the observed leukocyte count by 10.
Calculate the total number of leukocytes in the platelet unit as
follows:

.

BudesonideTotal leukocytes = leukocytes/µL × 103 × volume of the plate-
let unit in mL

• PH 〈791〉 (for stored Platelets):  Transfer aseptically a volume
appropriate for the equipment: the pH must be greater than
6.2 throughout the storage period.

ADDITIONAL REQUIREMENTS
 • PACKAGING AND STORAGE:  Store Platelets in an approved

container. Platelets may be stored in plasma or in an approved
C25H34O6 430.53additive solution at 20°–24° with continuous gentle agitation
Pregna-1,4-diene-3,20-dione, 16α,17-[1R-for NMT 5 days after date of preparation.

butylidenebis(oxy)]-11β,21-dihydroxy and pregna-1,4-• LABELING:  Label the container to indicate the collection date,
diene-3,20-dione,16α,17-[1S-butylidenebis(oxy)]-11β,21-the donation number or other coding means to uniquely iden-
dihydroxy;tify the unit and to provide traceability to the donor, approxi-

mate volume, storage temperature, and its expiration date. In-
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(RS)-11β,16α,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione CS = concentration of USP Budesonide RS in the Stan-
cyclic 16,17-acetal with butyraldehyde [51372-29-3; dard solution (mg/mL)
51372-28-2; 51333-22-3]. CU = concentration of Budesonide in the Sample solu-

tion (mg/mL)
DEFINITION Acceptance criteria

Epimer A:  44.0% ▲40.0%▲USP35–51.0% on the dried basis
Both epimers:  98.0%–102.0% on the dried basisChange to read:

IMPURITIES
Budesonide is a mixture of two epimeric forms, epimer A(C-22S)

and epimer B(C-22R). It contains NLT 44.0% ▲40.0%▲USP35 and Change to read:
NMT 51.0% of epimer A, and the sum of both epimers is NLT
98.0% and NMT 102.0% of C25H34O6, calculated on the dried
basis. Organic Impurities

[NOTE—Protect all solutions containing budesonide from light.] • PROCEDURE 1: LIMIT OF 21-ACETATE OF BUDESONIDE
Solution A:  3.17 mg/mL of monobasic sodium phosphate

IDENTIFICATION and 0.23 mg/mL of phosphoric acid. The pH is 3.2 ± 0.1.
• A. INFRARED ABSORPTION 〈197K〉 Mobile phase:  Acetonitrile and Solution A (45:55)
• B. ULTRAVIOLET ABSORPTION 〈197U〉 Standard solution:  Dissolve a quantity of USP Budesonide RS

Sample solution:  25 µg/mL in acetonitrile, and dilute quantitatively with Solution A to
Medium:  Methanol obtain a solution having a concentration of 0.5 mg/mL,

keeping the proportion of acetonitrile in this solution to NMTASSAY 30%.
Sample solution:  Dissolve 25 mg of Budesonide in 15 mL of
acetonitrile in a 50-mL volumetric flask, and dilute with Solu-Change to read:
tion A to volume.

Chromatographic system
• PROCEDURE (See Chromatography 〈621〉, System Suitability.)

Solution A:  3.17 mg/mL of monobasic sodium phosphate and Mode:  LC
0.23 mg/mL of phosphoric acid. The pH is 3.2 ± 0.1. Detector:  UV 254 nm

Mobile phase:  Acetonitrile and Solution A (32:68) Column:  4.6-mm × 15-cm; 5-µm packing L1
Standard solution:  Dissolve a quantity of USP Budesonide RS Flow rate:  1.5 mL/min
in acetonitrile, and dilute quantitatively with Solution A to ob- Injection size:  20 µL
tain a solution having a concentration of 0.5 mg/mL, keeping System suitability
the proportion of acetonitrile in this solution to NMT 30%. Sample:  Standard solution

Sample solution:  Dissolve 25 mg of Budesonide in 15 mL of [NOTE—The relative retention times for the first eluted
acetonitrile in a 50-mL volumetric flask, and dilute with Solu- epimer of 21-acetate of budesonide, the second eluted
tion A to volume. epimer of 21-acetate of budesonide, the first eluted

Chromatographic system epimer of budesonide (epimer B), and the second eluted
(See Chromatography 〈621〉, System Suitability.) epimer of budesonide (epimer A) are 3.1, 3.2, 1.0, and
Mode:  LC 1.1, respectively.]
Detector:  UV 254 nm Suitability requirements
Column:  4.6-mm × 15-cm; 5-µm packing L1 Column efficiency:  NLT 5500 theoretical plates, deter-
Flow rate:  1.5 mL/min mined from the budesonide epimer B peak
Injection size:  20 µL Analysis

System suitability Sample:  Sample solution
Sample:  Standard solution Calculate the percentage of the 21-acetate of budesonide in
[NOTE—The relative retention time for epimer A is 1.1 with the portion of Budesonide (C25H34O6) taken:
respect to epimer B.]

Suitability requirements Result = (rT1/rT2) × 100
Resolution:  NLT 1.5 between the two budesonide epimer

rT1 = sum of the peak areas for the two epimers of thepeaks
21-acetate of budesonideColumn efficiency:  NLT 5500 theoretical plates, deter-

rT2 = sum of the areas of the two budesonide peaksmined from the budesonide epimer B peak
Acceptance criteria:  NMT 0.10% of the 21-acetate ofAnalysis
budesonide is found.Samples:  Standard solution and Sample solution

• PROCEDURE 2: LIMIT OF 11-KETOBUDESONIDECalculate the percentage of epimer A (C25H34O6) in the por-
Solution A:  3.17 mg/mL of monobasic sodium phosphatetion of Budesonide taken:
and 0.23 mg/mL of phosphoric acid. The pH is 3.2 ± 0.1.

Result = [rUA/(rUA + rUB)] × 100 Mobile phase:  Acetonitrile, isopropanol, and Solution A
(26:9:65)

rUA = peak area of epimer A from the Sample solution Standard solution:  Dissolve a quantity of USP Budesonide RS
rUB = peak area of epimer B from the Sample solution in acetonitrile and dilute quantitatively with Solution A to ob-
Calculate the percentage of C25H34O6 in the portion of tain a solution having a concentration of 0.5 mg/mL, keep-
Budesonide taken: ing the proportion of acetonitrile in this solution to NMT

30%.
Result = [(rUA + rUB)/(rSA + rSB)] × (CS/CU) × 100 Sample solution:  Dissolve 25 mg of Budesonide in 15 mL of

acetonitrile in a 50-mL volumetric flask, and dilute with Solu-
rUA = peak area of epimer A from the Sample solution tion A to volume.
rUB = peak area of epimer B from the Sample solution Chromatographic system
rSA = peak area of epimer A from the Standard solution (See Chromatography 〈621〉, System Suitability.)
rSB = peak area of epimer B from the Standard solution
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Mode:  LC Table 1
Detector:  UV 254 nm Name Relative AcceptanceColumn:  4.6-mm × 15-cm; 3.5-µm packing L1 Retention Criteria,Column temperature:  50° Time NMT (%) •[NOTE—Pre-heat Mobile phase to 50°.]• (IRA 5)

16α-Hydroxyprednisolonea 0.11 0.2Flow rate:  1.5 mL/min
D-Homobudesonideb 0.36 0.10Injection size:  20 µL
21-DehydrobudesonideSystem suitability
(epimers)c 0.61; 0.66 0.07 ▲d

▲USP33Sample:  Standard solution
[NOTE—The relative retention times for the two epimers of 14,15-Dehydrobudesonidee 0.86 0.10
11-ketobudesonide are 0.73 and 0.78, respectively; the Total specified impurities — 0.4 ▲f

▲USP33
relative retention times for 21-dehydrobudesonide, 14,15- Any other individual impurity — 0.10dehydrobudesonide, and the first eluted epimer of

Total unspecified impurities — 0.4budesonide (epimer B) are 0.68, 0.84, and 1.0,
a 11β,16α,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione.respectively.]
b  ▲16α,17-[(1RS)-Butylidenebis(oxy)]-11β-hydroxy-17-(hydroxymethyl)-D-Suitability requirements••(IRA 5)
homoandrosta-1,4-diene-3,17a-dione.▲USP33Column efficiency:  NLT 5500 theoretical plates, deter-
c 16α,17-[(1RS)-Butylidenebis(oxy)]-11β-hydroxy-3,20-dioxopregna-1,4-dien-mined from the budesonide epimer B peak
21-al.Analysis
▲d Limit includes both epimers.▲USP33Sample:  Sample solution
e 16α,17-[(1RS)-Butylidenebis(oxy)]-11β,21-dihydroxypregna-1,4,14-triene-Calculate the percentage of the 11-ketobudesonide in the
3,20-dione.portion of Budesonide (C25H34O6) taken:
▲f Total specified impurities includes 11-ketobudesonide obtained in the test for
Limit of 11-Ketobudenoside and the impurities listed above.▲USP33Result = (rT1/rT2) × 100

SPECIFIC TESTSrT1 = sum of the peak areas for the two ketobudeso- • MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-nide peaks
CROORGANISMS 〈62〉:  The total aerobic microbial count is NMTrT2 = sum of the areas of the two budesonide peaks
1000 cfu/g and the total combined molds and yeasts count isAcceptance criteria:  NMT 0.2% of the 11-ketobudesonide is
NMT 100 cfu/g.found. • LOSS ON DRYING 〈731〉• PROCEDURE 3

Analysis:  Dry a sample at 105° to constant weight; it losesSolution A:  3.17 mg/mL of monobasic sodium phosphate
NMT 0.3% of its weight.and 0.23 mg/mL of phosphoric acid. The pH is 3.2 ± 0.1.

Mobile phase:  Acetonitrile and Solution A (32:68) ADDITIONAL REQUIREMENTS
Standard solution:  Dissolve a quantity of USP Budesonide RS • PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-
in acetonitrile, and dilute quantitatively with Solution A to tainers. Store at controlled room temperature.
obtain a solution having a concentration of 0.5 mg/mL, • USP REFERENCE STANDARDS 〈11〉
keeping the proportion of acetonitrile in this solution to NMT USP Budesonide RS
30%. (RS)-11β,16α,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione

Sample solution:  Dissolve 25 mg of Budesonide in 15 mL of cyclic 16,17-acetal with butyraldehyde.
acetonitrile in a 50-mL volumetric flask, and dilute with Solu- C25H34O6 430.53
tion A to volume.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC BRIEFING
Detector:  UV 254 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.5 mL/min  Candesartan Cilexetil.  Because there is no existing USP mon-Injection size:  20 µL ograph for this drug substance, a new monograph based onSystem suitability validated methods of analysis is proposed. The liquid chromato-Sample:  Standard solution graphic procedure in the test for Organic Impurities is based onSuitability requirements analyses performed using the Novopak brand of column con-Column efficiency:  NLT 5500 theoretical plates, deter- taining 4-µm packing L1. The typical retention time for themined from the budesonide epimer B peak candesartan cilexetil peak is about 13 min.Analysis
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of
(MD-CV: S. Ramakrishna.) RTS—C68161Budesonide (C25H34O6) taken:

Result = (rU/rT) × 100

rU = peak area for each impurity
rT = sum of the areas of all of the peaks

Acceptance criteria:  The impurities meet the requirements
listed in Table 1.
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Chromatographic systemAdd the following:
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC

. Detector:  UV 254 nm
Column:  3.9-mm × 15-cm; 4-µm packing L1▲Candesartan Cilexetil
Flow rate:  0.8 mL/min
Injection size:  10 µL

System suitability:  [NOTE—The Mobile phase used for testing
system suitability is 100% Solution A in an isocratic mode.]
Sample:  System suitability solution
Suitability requirements
Resolution:  NLT 5.0 between candesartan cilexetil and
acenaphtene

Tailing factor:  NMT 1.5 for candesartan cilexetil
Relative standard deviation:  NMT 3.0% for the
candesartan cilexetil peak

Analysis1H-Benzimidazole-7-carboxylic acid, 2-ethoxy-1-[[2′-(1H-tetra- Samples:  Sample solution and Standard solutionzol-5-yl)[1,1′-biphenyl]-4-yl]methyl]-, 1-[[(cyclohexylox- Calculate the percentage of each individual impurity in they)carbonyl]oxy]ethyl ester, (±); portion of Candesartan Cilexetil taken:(±)-1-Hydroxyethyl 2-ethoxy-1-[p-(o-1H-tetrazol-5-
ylphenyl)benzyl]-7-benzimidazolecarboxylate, cyclohexyl car- Result = (rU/rS) × (CS/CU) × 100bonate (ester). 610.66
 [145040-37-5]. rU = peak response of each individual impurity from

the Sample solutionDEFINITION rS = peak response of candesartan cilexetil from theCandesartan Cilexetil contains NLT 98.7% and NMT 101.0% of Standard solutionC33H34N6O6, calculated on anhydrous basis. CS = concentration of USP Candesartan Cilexetil RS in
the Standard solution (mg/mL)IDENTIFICATION

CU = concentration of Candesartan Cilexetil in the• A. INFRARED ABSORPTION 〈197K〉:  If the spectra obtained shows
Sample solution (mg/mL)differences, proceed with the samples prepared as follows.

Acceptance criteriaSeparately dissolve a quantity of USP Candesartan Cilexetil RS
Individual impurities:  See Impurity Table 1.and Candesartan Cilexetil in alcohol. [NOTE—Heating the solu-
Total impurities:  NMT 0.6%. [NOTE—Calculate the totaltion may be necessary for complete dissolution.] Cool the solu-
impurities from the sum of all impurity peaks greater thantion in an ice bath, filter the crystals, and dry at 105°.
or equal to 0.05%.]• B.  The retention time of the major peak of the Sample solution

corresponds to that of the Standard solution, as obtained in
the procedure for Organic Impurities. Table 1

ASSAY Relative Acceptance
• PROCEDURE Retention Criteria,

Sample solution:  8.33 mg/mL of Candesartan Cilexetil in gla- Name Time NMT (%)
cial acetic acid Ethyl candesartan cilexetil1 0.4 0.2

Titrimetric system Desethyl candesartan
0.5 0.3(See Titrimetry 〈541〉.) cilexetil2

Mode:  Potentiometry
Candesartan cilexetil-9a-N-Titrant:  0.1 N perchloric acid 2.0 0.2
ethyl3Analysis:  Titrate with 8 mL of 0.1 N perchloric acid VS using a

Candesartan cilexetil 1.0 —blank determination under the same conditions. Each mL of
Any other unknown0.1 N perchloric acid is equivalent to 61.07 mg of C33H34N6O6. — 0.10
impurityAcceptance criteria:  NLT 98.7% and NMT 101.0%

1 Ethyl 1-{[2’-(1H-tetrazol-5-yl)biphenyl-4-yl]methyl}-2-ethoxybenzimidazole-7-
IMPURITIES carboxylate.
Inorganic Impurities 2 1-(Cyclohexyloxycarbonyloxy)ethyl 1-{[2’-(1H-tetrazol-5-yl)biphenyl-4-
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%, determined from a 1-g yl]methyl}-oxobenzimidazole-7-carboxylate.

sample 3 1-(Cyclohexyloxycarbonyloxy)ethyl 2-ethoxy-1-{[2’-(N-ethyl-tetrazol-5-yl) bi-
Organic Impurities phenyl-4-yl]methyl}benzimidazole-7-carboxylate.
• PROCEDURE  

Diluent:  Acetonitrile and water (3:2)
SPECIFIC TESTSSolution A:  Acetonitrile, glacial acetic acid, water (57:1:43)
• WATER DETERMINATION, Method 1 〈921〉:  NMT 0.3%Solution B:  Acetonitrile, glacial acetic acid, water (90:1:10)

Mobile phase:  See the gradient table below.
ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers, and

Time Solution A Solution B store at controlled temperature.
(min) (%) (%) • USP REFERENCE STANDARDS 〈11〉

USP Candesartan Cilexetil RS0 100 0
 1H-Benzimidazole-7-carboxylic acid, 2-ethoxy-1-[[2′-(1H-tet-30 0 100
razol-5-yl)[1,1′-biphenyl]-4-yl]methyl]-, 1-[[(cyclohexylox-
y)carbonyl]oxy]ethyl ester, (±).System suitability solution:  0.04 mg/mL of USP

(±)-1-Hydroxyethyl 2-ethoxy-1-[p-(o-1H-tetrazol-5-Candesartan Cilexetil RS and 0.125 mg/mL of acenaphthene
ylphenyl)benzyl]-7-benzimidazolecarboxylate, cyclohexyl car-in Diluent
bonate (ester).Standard solution:  4 µg/mL of USP Candesartan Cilexetil RS

610.66▲USP35in Diluent
Sample solution:  0.4 mg/mL of Candesartan Cilexetil in
Diluent
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Chromatographic systemBRIEFING
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 200 nmCarmustine for Injection,  page 875 of the First Supplement to Refrigerated autosampler temperature:  5°USP 33 Reissue. On the basis of comments and validation data Column:  4.6-mm × 7.5-cm; 3-µm packing L1received, it is proposed to revise the injection size in the Assay Flow rate:  1.5 mL/minfrom 25 µL to 20 µL to avoid overloading the UV detector. Injection size:  25▲20▲USP35 µL

System suitability
Sample:  System suitability solution

(SM3: F. Mao.) RTS—C93529 [NOTE—The relative retention times for carmustine related
compound A and carmustine are 0.5 and 1.0, respectively.]

Suitability requirements
Resolution:  NLT 2.0 between carmustine related com-
pound A and carmustine

Relative standard deviation:  NMT 2.0% for the carmus-Add the following:
tine related compound A and carmustine peaks

Tailing factor:  NMT 1.5 for the carmustine related com-
pound A and carmustine peaks

.

Analysis■Carmustine for Injection
Samples:  Standard solution and Sample solution
Calculate the percentage of C5H9Cl2N3O2 in the portion ofDEFINITION Carmustine for Injection taken:Carmustine for Injection is a sterile lyophilized preparation of

carmustine. It contains NLT 90.0% and NMT 110.0% of the Result = (rU/rS) × (CS/CU) × 100labeled amount of C5H9Cl2N3O2.
 [CAUTION—Use appropriate surgical gloves, arm covers, and a rU = peak area of the Sample solution

dust mask. Perform all work under a fume hood approved for rS = peak area of the Standard solution
testing cytotoxic agents when possible.] CS = concentration of carmustine in the Standard solu-

tion (mg/mL)IDENTIFICATION CU = nominal concentration of carmustine in the Sam-• A. INFRARED ABSORPTION 〈197F〉 ple solution (mg/mL)Sample:  Melt a small portion of the sample in a suitable Acceptance criteria:  90.0%–110.0%container in a controlled water bath or oven, and set the tem-
perature between 33° and 40°. PERFORMANCE TESTS

Standard:  A similar preparation of USP Carmustin RS • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirements
• B.  The retention time of the major peak of the Sample solution

corresponds to that of the Standard solution, as obtained in IMPURITIES
the Assay. Organic Impurities

• PROCEDURE: LIMIT OF CARMUSTINE RELATED COMPOUND A
ASSAY Diluent, Impurity standard stock solution, System suitabil-

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

Standard solution:  0.002 mg/mL of USP Carmustine Related
Compound A RS in Diluent, from Impurity standard stock

• PROCEDURE solution
[NOTE—Prepare solutions in low-actinic glassware, and keep Analysis
them refrigerated until use.] Samples:  Standard solution and Sample solution

Mobile phase:  See the gradient table below. Calculate the percentage of carmustine related compound A
in the portion of Carmustine for Injection taken:

Time Water Acetonitrile Result = (rU/rS) × [100 × CS/(CU × A)] × 100
(min) (%) (%)

0 90 10 rU = peak response of carmustine related compound
A from the Sample solution2.5 90 10

rS = peak response of carmustine related compound7 40 60
A from the Standard solution8.5 90 10 CS = concentration of carmustine related compound

10.5 90 10 A in the Standard solution (mg/mL)
CU = nominal concentration of carmustine in the Sam-Diluent:  Acetonitrile and water (1:3) ple solution (mg/mL)Standard stock solution:  2.0 mg/mL of USP Carmustine RS in A = assay of Carmustine for Injection, as a percent-acetonitrile ageStandard solution:  0.2 mg/mL of USP Carmustine RS in Dilu- Acceptance criteriaent, from Standard stock solution Carmustine related compound A:  NMT 1.0%Impurity standard stock solution:  0.1 mg/mL of USP

Carmustine Related Compound A RS in acetonitrile SPECIFIC TESTS
System suitability solution:  0.2 mg/mL of USP Carmustine RS • BACTERIAL ENDOTOXINS TEST 〈85〉:  NMT 0.95 USP Endotoxin
and 0.002 mg/mL of USP Carmustine Related Compound A Unit/mg of carmustine
RS in Diluent, from Standard stock solution and Impurity stan- • STERILITY TESTS 〈71〉:  Meets the requirements
dard stock solution • PH 〈791〉:  Between 4.0 and 6.8 in a constituted solution pre-

Sample stock solution:  2.0 mg/mL of carmustine in acetoni- pared as directed in the labeling
trile, from Carmustine for Injection. [NOTE—Allow test vials to
warm to room temperature in a desiccator for 1 h.]

Sample solution:  0.2 mg/mL of carmustine in Diluent, from
Sample stock solution
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• WATER DETERMINATION, Method I 〈921〉:  NMT 1.0% ASSAY

ADDITIONAL REQUIREMENTS
Change to read:• PACKAGING AND STORAGE:  Preserve as described under Injec-

tions 〈1〉, Containers for Sterile Solids at a temperature between
2° and 8°. • PROCEDURE• LABELING:  It meets the requirements under Injections 〈1〉, Solution A:  14.2 mg/mL of anhydrous dibasic sodiumLabeling. phosphate• CONSTITUTED SOLUTION:  At time of use, it meets the require- Solution B:  13.6 mg/mL of monobasic potassium phosphatements under Injections 〈1〉, Constituted Solutions. Buffer solution:  Combine appropriate amounts of Solution A• USP REFERENCE STANDARDS 〈11〉 and Solution B (about 2:1) to obtain a pH 7.0 solution.USP Carmustine RS Solution C:  Dilute tetramethylammonium hydroxide (10%)Urea, N,N′-bis(2-chloroethyl)-N-nitroso-. with water to obtain a 0.1% solution. Adjust with 10% phos-1,3-Bis(2-chloroethyl)-1-nitrosourea. phoric acid to a pH of 5.5.C5H9Cl2N3O2 214.05 Solution D:  37.2 mg/mL of edetate disodiumUSP Carmustine Related Compound A RS Mobile phase:  Acetonitrile, methanol, Solution C, and Solution1,3-Bis(2-chloroethyl) urea. D (300:200:4500:2)C5H10Cl2N2O 185.05 System suitability solution:  0.2 mg/mL of USP Cefdinir RSUSP Endotoxin RS■1S (USP33) and 0.5 mg/mL of USP Cefdinir Related Compound A RS, in

Buffer solution
Standard solution:  0.2 mg/mL of USP Cefdinir RS, in Buffer
solutionBRIEFING

Sample solution:  0.2 mg/mL of Cefdinir, in Buffer solution
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)Cefdinir,  page R-876 of USP 33 First Supplement Reissue. On the Mode:  LCbasis of comments received and supporting data from an ap- Detector:  UV 254 nmproved sponsor, it is proposed to replace the column efficiency Column:  4.6-mm × 15-cm; 5-µm packing L1and tailing factor system suitability requirements in the Organic Column temperature:  40°Impurities test with a resolution criterion that offers improved Flow rate:  1 mL/mincontrol over the chromatographic system. It is also proposed to Injection size:  5 µLrevise the trivial names of the related compounds to align the System suitabilitydrug substance and drug product monographs and to revise Samples:  System suitability solution and Standard solutionSystem suitability solution C in the Organic Impurities test to re- [NOTE—USP Cefdinir Related Compound A RS should pro-flect current USP style. duce four peaks.]
Tailing factor:  NMT 1.5 for cefdinir, System suitability solution
Resolution:  NLT 1.2 between the second peak of cefdinir

(SM1: A. Wise.) RTS—C79107 related compound A and cefdinir, System suitability solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis
Samples:  Standard solution and Sample solution

. Calculate the quantity (µg/mg) of cefdinir (C14H13N5O5S2) in
the portion of Cefdinir taken:Cefdinir

Result = (rU/rS) × (CS/CU) × P

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL) P = potency of USP Cefdinir RS (µg/mg)

Acceptance criteria:  •940–1030 µg/mg on the anhydrous
C14H13N5O5S2 395.41 basis• (RB 1-Oct-2009)
5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[[(2-

amino-4-thiazolyl)(hydroxyimino)acetyl]amino]-3-ethenyl-8- IMPURITIES
oxo-, [6R-[6α,7β(Z)]]-;

(−)-(6R,7R)-7-[2-(2-Amino-4-thiazolyl)glyoxylamido]-8-oxo-3-
Change to read:vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 72-

(Z)-oxime [91832-40-5].

Inorganic ImpuritiesDEFINITION
• RESIDUE ON IGNITION 〈281〉:  NMT •0.20%• (RB 1-Oct-2009)

• HEAVY METALS, Method II 〈231〉:  10 ppm
Change to read:

Change to read:
Cefdinir contains NLT •940• (RB 1-Oct-2009) µg/mg and NMT •1030•

(RB 1-Oct-2009) µg/mg of C14H13N5O5S2, calculated on the anhydrous
Organic Impuritiesbasis.
• PROCEDURE

Solution A, Solution B, Buffer solution, Solution C, and So-IDENTIFICATION
lution D:  Prepare as directed in the Assay.• A. INFRARED ABSORPTION 〈197M〉

Solution E:  To 1000 mL of Solution C add 0.4 mL of Solution• B.  The retention time of the major peak of the Sample solution
D.corresponds to that of the Standard solution, as obtained in

Solution F:  Acetonitrile, methanol, Solution C, and Solution Dthe Assay.
(300:200:500:0.4)
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Mobile phase:  See Table 1. Acceptance criteria
Individual impurities:  See Impurity Table 1.
Total impurities:  NMT 3.0%Table 1

Time Solution E Solution F
Impurity Table 1(min) (%) (%)

Relative Acceptance0 95 5
Retention Criteria,2 95 5

Name Time NMT (%) 
22 75 25

Impurity Aa 0.10 0.5
32 50 50

Impurity Bb 0.12 0.5
37 50 50

Impurity Cc 0.74 0.7
38 95 5

Cefdinir related com- 0.85, 0.93, 1.11,
58 95 5

pound Ad (4 peaks) 1.14 0.7 (sum of 4)
Impurity Ee 1.22 0.5Sample stock solution:  10 mg/mL of Cefdinir in Buffer

solution Impurity Ff 1.36 0.5
Sample solution:  1.5 mg/mL of Cefdinir from the Sample Impurity Gg 1.51 0.7
stock solution, in Solution C. [NOTE—Prepare fresh immediately Impurity Hh (2 peaks) 1.61, 1.64 0.5 (sum of 2)
before use.]

Any other individual, un-System suitability solution 1:  15 µg/mL of Cefdinir, from
identified impurity — 0.2the Sample solution, diluted with Solution C

 a 1N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.System suitability solution 2:  1.5 µg /mL of Cefdinir, from
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimi-System suitability solution 1, diluted with Solution C
no)acetamide.System suitability solution 3:  Transfer about 30 mg of USP
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-meth-Cefdinir RS and 2 mg of USP Cefdinir Related Compound A
yl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.RS to a 20-mL volumetric flask, dissolve in 3 mL of Buffer,
d 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido)]-2-and dilute with Solution C to volume.▲1.5 mg/mL of USP
[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-Cefdinir RS and 0.1 mg/mL of USP Cefdinir Related Com-
yl]acetic acid.pound A RS, dissolved initially in Buffer corresponding to
e (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{(3RS,5aR,6R)-3-methyl-1,7-di-15% of the final volume, and diluted with Solution C to
oxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl}acetamide.volume.▲USP35
f (6R,7R)-7-(4-hydroxyisoxazole-3-carboxamido)-8-oxo-3-vinyl-5-thia-1-azabi-Chromatographic system
cyclo[4.2.0]oct-2-ene-2-carboxylic acid.(See Chromatography 〈621〉, System Suitability.)
g (6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl-)-2-(hydroxyimino)acetamido]-8-oxo-3-Mode:  LC
vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.Detector:  UV 254 nm
h (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-Column:  4.6-mm × 15-cm; 5-µm packing L1
oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.Column temperature:  40°
 Flow rate:  1 mL/min

Injection size:  10 µL ▲Acceptance criteria:  See Table 2.
System suitability

Samples:  System suitability solution 1, System suitability so-
Table 2lution 2, and System suitability solution 3

[NOTE—USP Cefdinir Related Compound A RS should pro- Relative Acceptance
duce four peaks.] Retention Criteria,

[NOTE—The relative retention time of the third peak from Name Time NMT (%) 
cefdinir related compound A is NLT 1.1, relative to the Thiazolylacetyl glycine ox-cefdinir peak, System suitability solution 3.]▲

▲USP35 imea 0.10 0.5Suitability requirements
Thiazolylacetyl glycine ox-Response ratio:  The response of cefdinir in System suita-
ime acetalb 0.12 0.5bility solution 2 is between 7% and 13% of that from

a 1N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.System suitability solution 1.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimi-Column efficiency:  NLT 7000 theoretical plates for
no)acetamide.cefdinir, System suitability solution 3
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-meth-Tailing factor:  NMT 3.0 for cefdinir, System suitability so-
yl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.lution 3
d 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido)]-2-▲Resolution:  NLT 1.5 between cefdinir and the third peak
[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-of USP Cefdinir Related Compound A RS, System suitability
yl]acetic acid.solution 3▲USP35
e Cefdinir related compound A is a mixture of 4 isomers labeled cefdinir openRelative standard deviation:  NMT 2.0% for cefdinir, Sys-
ring lactones a, b, c and d. The sum of the values is reported; the limit for thetem suitability solution 3
sum of the 4 isomers is 0.7%.Analysis
f (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{(3RS,5aR,6R)-3-methyl-1,7-di-Sample:  Sample solution
oxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl}acetamide.[NOTE—Record the chromatogram for NLT 40 min▲at least
g (6R,7R)-7-(4-hydroxyisoxazole-3-carboxamido)-8-oxo-3-vinyl-5-thia-1-azabi-1.8 times the retention time of the cefdinir peak.▲USP35]
cyclo[4.2.0]oct-2-ene-2-carboxylic acid.Calculate the percentage of each impurity in the portion of
h (6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl-)-2-(hydroxyimino)acetamido]-8-oxo-3-Cefdinir taken:
vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

Result = (rU/rT) × 100 i (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-
oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.

rU = peak response of each impurity from the Sample j Cefdinir decarboxy open ring lactone is a mixture of 2 isomers labeled
solution Cefdinir decarboxy open ring lactone a and b. The sum of the values is report-

rT = sum of all the peak responses from the Sample ed; the limit for sum of the 2 isomers is 0.5%.
solution  
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Table 2 (Continued) BRIEFING

Relative Acceptance
Retention Criteria,

Cefdinir Capsules,  page R-1396 of the USP 33 Second Supple-Name Time NMT (%) 
ment Reissue and page 386 of PF36(2) [Mar.–Apr. 2010]. It is3-Methyl cefdinirc 0.74 0.7
proposed to revise the trivial names of the related compounds

Cefdinir related com- to align the drug substance and drug product monographs. It is
pound A (cefdinir open also proposed to add a reporting threshold in Table 2 of the
ring lactone a)d,e 0.85 Organic Impurities  test to the limit for Individual unidentified im-

Cefdinir related com- purities, based on input from an approved manufacturer, and to
pound A (cefdinir open delete the limit of Total unidentified impurities, as per current USP
ring lactone b)d,e 0.93 practices.0.7

Cefdinir related com-
pound A (cefdinir open
ring lactone c)d,e 1.11 (SM1: A. Wise.) RTS—C93060

Cefdinir related com-
pound A (cefdinir open
ring lactone d)d,e 1.14

Cefdinir lactonef 1.22 0.5
.

Cefdinir isoxazole analogg 1.36 0.5 Cefdinir Capsules
E-cefdinirh 1.51 0.7

DEFINITIONCefdinir decarboxy open
Cefdinir Capsules contain NLT 90.0% and NMT 110.0% of thering lactone ai,j 1.61

0.5 labeled amount of cefdinir (C14H13N5O5S2).Cefdinir decarboxy open
ring lactone bi,j 1.64 IDENTIFICATION

Any other individual, un- • A. ULTRAVIOLET ABSORPTION 〈197U〉
identified impurity — 0.2 Buffer:  Prepare as directed in the Assay.

Total impurities — 3.0 Blank:  Use the Buffer.
a 1N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine. Standard solution:  10 µg/mL of USP Cefdinir RS in Buffer
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimi- Sample solution:  Equivalent to 10 µg/mL of cefdinir in Buffer.
no)acetamide. Filter before use.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-meth- Cell size:  1 cm
yl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid. Acceptance criteria:  Sample solution maxima and minima oc-
d 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido)]-2- cur at the same wavelengths as those in the Standard solution.
[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2- • B.  The retention time of the major peak of the Sample solu-
yl]acetic acid. tion corresponds to that of the Standard solution, as obtained
e Cefdinir related compound A is a mixture of 4 isomers labeled cefdinir open in the Assay.
ring lactones a, b, c and d. The sum of the values is reported; the limit for the

ASSAYsum of the 4 isomers is 0.7%.
• PROCEDUREf (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{(3RS,5aR,6R)-3-methyl-1,7-di-

Buffer:  10.7 mg/mL of dibasic sodium phosphate and 3.4oxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl}acetamide.
 mg/mL of monobasic potassium phosphate. Adjust withg (6R,7R)-7-(4-hydroxyisoxazole-3-carboxamido)-8-oxo-3-vinyl-5-thia-1-azabi-
phosphoric acid or sodium hydroxide to a pH of 7.0 ± 0.05cyclo[4.2.0]oct-2-ene-2-carboxylic acid.
before final dilution.h (6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl-)-2-(hydroxyimino)acetamido]-8-oxo-3-

Solution A:  7 mg/mL citric acid monohydrate. Adjust withvinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
phosphoric acid to a pH of 2.0 ± 0.05.i (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-

Mobile phase:  Methanol, tetrahydrofuran, and Solution Aoxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.
(111:28:1000)j Cefdinir decarboxy open ring lactone is a mixture of 2 isomers labeled

System suitability solution:  50 µg/mL of USP Cefdinir RS andCefdinir decarboxy open ring lactone a and b. The sum of the values is report-
175 µg/mL of m-hydroxybenzoic acid in Buffered; the limit for sum of the 2 isomers is 0.5%.

Standard solution:  50 µg/mL of USP Cefdinir RS in Buffer 
Sample solution:  Equivalent to 50 µg/mL of cefdinir, from

▲USP35 Capsule contents (NLT 20) in Buffer
Chromatographic systemSPECIFIC TESTS (See Chromatography 〈621〉, System Suitability.)• OPTICAL ROTATION, Specific Rotation 〈781S〉:  −61° to −67° at Mode:  LC20° Detector:  UV 254 nmSample solution:  10 mg/mL in Buffer solution, as obtained in Column:  3.9-mm × 15-cm; 4-µm packing L1the Assay Flow rate:  1.4 mL/min• WATER DETERMINATION, Method I 〈921〉:  NMT 2.0% for anhy- Injection size:  15 µLdrous; 4.0%–8.0% for monohydrate. [NOTE—Use a mixture of System suitabilityformamide and methanol (2:1) as the solvent.] Samples:  System suitability solution and Standard solution
Suitability requirementsADDITIONAL REQUIREMENTS

Resolution:  Greater than 3.0 between cefdinir and m-hy-• PACKAGING AND STORAGE:  Preserve in tight, light-resistant
droxybenzoic acid, System suitability solutioncontainers.

Tailing factor:  NMT 2.0 for cefdinir, System suitability• USP REFERENCE STANDARDS 〈11〉
solutionUSP Cefdinir RS

Relative standard deviation:  NMT 1.0% for cefdinir, Stan-USP Cefdinir Related Compound A RS
dard solution(2R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimi-

no)acetamido]-2-[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-te-
trahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid (other
three stereo isomers are also present in this RS).

C14H15N5O6S2 413.43
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Analysis Mobile phase:  See Table 1.
Samples:  Standard solution and Sample solution
Calculate the percentage of C14H13N5O5S2 in the portion of Table 1
Capsules taken:

Time Solution E Solution F
(min) (%) (%)Result = (rU/rS) × (CS/CU) × 100

0 95 5
rU = peak response for cefdinir from the Sample solu- 2 95 5

tion
22 75 25rS = peak response for cefdinir from the Standard solu-
32 50 50tion
37 50 50CS = concentration of the Standard solution (µg/mL)

CU = nominal concentration of cefdinir in the Sample 28 95 5
solution (µg/mL) 58 95 5

Acceptance criteria:  90.0%–100.0%
Standard stock solution:  750 µg/mL of USP Cefdinir RS in

PERFORMANCE TESTS Buffer
Standard solution:  15 µg/mL of USP Cefdinir RS, from the
Standard stock solution in Solution CChange to read:

System suitability stock solution 1:  40 µg/mL of USP
Cefdinir Related Compound A RS in Solution C

System suitability stock solution 2:  40 µg/mL of USP• DISSOLUTION 〈711〉
Cefdinir Related Compound B RS in Solution CMedium:  50 mM phosphate buffer pH 6.8; 900 mL

System suitability solution:  Transfer 37.5 mg of USPApparatus 2:  50 rpm
Cefdinir RS to a 25-mL volumetric flask. Add about 10 mL ofTime:  30 min
Buffer. Add 5.0 mL of each of System suitability stock solutionDetector:  UV 290 nm
1 and System suitability stock solution 2, and dilute with Solu-Cell length:  1 cm■0.1-cm flow cell■1S (USP34)
tion C to volume.Standard solution:  0.33 mg/mL of USP Cefdinir RS in Medium

Sample solution:  Transfer an equivalent to 300 mg ofSample solution:  Sample per Dissolution 〈711〉. Pass each
Cefdinir, from Capsule contents (NLT 20), into a 200-mL vol-sample through a suitable 0.45-µm filter. Dilute with Medium
umetric flask. Dissolve in 30 mL of Buffer, and dilute withto a concentration of about 0.33 mg/mL of cefdinir.
Solution C to volume to obtain a solution having aBlank:  Dissolve one empty capsule in 100 mL of Medium, and
■nominal■2S (USP33) concentration of about 1.5 mg/mL ofdilute to 900 mL; filter if necessary.
cefdinir.Analysis:  Determine the percentage of of the labeled amount

Chromatographic systemof cefdinir (C14H13N5O5S2) dissolved:
(See Chromatography 〈621〉, System Suitability.)

Result = (AU/AS) × CS × D × (V/L) × 100 Mode:  LC
Detector:  UV 254 nm

AU = absorbance of the Sample solution Column:  4.6-mm × 15-cm; 5-µm packing L1
AS = absorbance of the Standard solution Column temperature:  40°
CS = concentration of the Standard solution (mg/mL) ■Autosampler temperature:  4°■2S (USP33)
D = dilution factor of the Sample solution (mL/mL) Flow rate:  1 mL/min
V = volume of Medium, 900 mL Injection size:  10 µL
L = label claim (mg/Capsule) System suitability
Tolerances:  NLT 80% (Q) of the labeled amount of Samples:  Standard solution and System suitability solution
C14H13N5O5S2 is dissolved. Suitability requirements

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements Resolution:  NLT 1.5 between cefdinir and the third peak
of the USP Cefdinir Related Compound A RS, System suit-

IMPURITIES ability solution
Tailing factor:  NMT 1.5 for cefdinir related compound B,
System suitability solutionChange to read:

Relative standard deviation:   NMT 2.0% for the cefdinir
peak response, Standard solution

Organic Impurities Analysis
• PROCEDURE Samples:  Standard solution and Sample solution

Solution A:  14.2 mg/mL of anhydrous dibasic sodium Calculate the percentage of each impurity in the portion of
phosphate Capsules taken:

Solution B:  13.6 mg/mL of monobasic potassium phosphate
Result = (rU/rS) × (CS/CU) × (100/F)Buffer:  Combine appropriate amounts of Solution A and Solu-

tion B (about 2:1) to obtain a solution with a pH of 7.0 ± 0.1.
rU = peak response of each impurity from the SampleSolution C:  Dilute tetramethylammonium hydroxide (10%

solutionaqueous) with water to obtain a 0.1% solution. Adjust with
rS = peak response from the Standard solutiondilute phosphoric acid (1 in 10) to a pH of 5.5 ± 0.1.
CS = concentration of the Standard solution (mg/mL)Solution D:  37.2 mg/mL of edetate disodium
CU = concentration of the Sample solution (mg/mL)Solution E:  To 1000 mL of Solution C add 0.4 mL of Solution
F = relative response factor (see Table 2)D.

Acceptance criteriaSolution F:  Acetonitrile, methanol, Solution C, and Solution D
Individual impurities:  See Impurity Table 1.(150:100:250:0.2)
Total impurities:  NMT 5.0%

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1513

■Impurity Table 1

Relative Relative Reporting Acceptance
Retention Response Threshold, Criteria,

Name Time Factor (% Cefdinir) NMT (%) 
Impurity VIIIa 0.10 1.1 0.1 0.5
Impurity IVb 0.13 1.1 0.1 0.5
Impurity XIVc 0.36 1.0 0.05 0.2
Impurity Vd 0.46 1.5 0.05 0.7
Impurity Be 0.77 1.0 0.05 0.3
Impurity XIf 0.75 1.0 0.05 0.7
Cefdinir related compound A (lac-

0.85 1.5 0.1
tam ring cleavage lactones-a)g,h

Cefdinir related compound A (lac-
0.94 1.5 0.1

tam ring cleavage lactones-b)g,h

2.5
Cefdinir related compound A (lac-

1.11 1.5 0.1
tam ring cleavage lactones-c)g,h

Cefdinir related compound A (lac-
1.14 1.5 0.1

tam ring cleavage lactones-d)g,h

Impurity VIi 1.18 1.1 0.05 0.2
Impurity Ij 1.23 1.2 0.05 1.0
Cefdinir related compound Bk 1.28 1.1 0.05 0.2
Impurity XIIIf 1.37 1.4 0.05 0.5
Impurity Ee 1.44 1.0 0.05 0.5
Impurity XVl 1.49 1.0 0.05 0.2
Impurity VIIm 1.51 1.1 0.05 0.7
Impurity IIIan,o 1.62 1.3 0.05

1.0
Impurity IIIbn,o 1.64 1.3 0.05
Impurity De 1.82 1.0 0.05 0.2
Individual unidentified impurities — 1.0 0.05 0.2
Total unspecified impuritiesp — — — 1.0
 a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido](carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e Impurity B, Impurity D, and Impurity E are unidentified impurities.
f The chemical name of this impurity cannot be disclosed.
g Cefdinir related compound A is a mixture of 4 isomers designated as lactam ring cleavage lactones a, b, c, and d. The sum of the 4 values is reported and the total
for all 4 isomers is NMT 2.5%.
h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-((E)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido)-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n Impurity III is a mixture of 2 isomers designated as Impurity llla and Impurity lllb. The sum of the 2 values is reported and the total for both isomers is NMT 1.0%.
o (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-(((2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl)methyl)acetamide.
p Total unidentified impurities includes unidentified impurities B, D, and E and any other unidentified impurities.
 

■2S (USP33) ▲Acceptance criteria:  See Table 2.
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Table 2

AcceptanceRelative Relative Reporting
Criteria,Retention Response Threshold

Name Time Factor (% Cefdinir) NMT (%) 
Thiazolylacetyl glycine oximea 0.10 1.1 0.1 0.5
Thiazolylacetyl glycine oxime

0.13 1.1 0.1 0.5
acetalb

Cefdinir sulfoxidec 0.36 1.0 0.05 0.2
Cefdinir thiazine analogd 0.46 1.5 0.05 0.7
3-Methyl cefdinire 0.75 1.0 0.05 0.7
Cefdinir impurity 1f 0.77 1.0 0.05 0.3
Cefdinir related compound A

0.85 1.5 0.1
(cefdinir open ring lactone a)g,h

Cefdinir related compound A
0.94 1.5 0.1

(cefdinir open ring lactone b)g,h

2.5
Cefdinir related compound A

1.11 1.5 0.1
(cefdinir open ring lactone c)g,h

Cefdinir related compound A
1.14 1.5 0.1

(cefdinir open ring lactone d)g,h

7S-Cefdiniri 1.18 1.1 0.05 0.2
Cefdinir lactonej 1.23 1.2 0.05 1.0
Cefdinir related compound Bk 1.28 1.1 0.05 0.2
Cefdinir isoxazole analogl 1.37 1.4 0.05 0.5
Cefdinir impurity 2e 1.44 1.0 0.05 0.5
Cefdinir glyoxalic analogm 1.49 1.0 0.05 0.2
E-cefdinirn 1.51 1.1 0.05 0.7
Cefdinir decarboxy open ring lac-

1.62 1.3 0.05
tone ao,p

1.0
Cefdinir decarboxy open ring lac-

1.64 1.3 0.05
tone bo,p

Cefdinir impurity 3e 1.82 1.0 0.05 0.2
Individual unidentified impurities — 1.0 0.05 0.2
Total impurities — — — 5.0
a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido](carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f Cefdinir impurity 1, cefdinir impurity 2, and cefdinir impurity 3 are unidentified impurities.
g Cefdinir related compound A is a mixture of 4 isomers labeled cefdinir open ring lactones a, b, c and d. The sum of the values is reported; the limit for the sum of
the 4 isomers is 2.5%.
h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-(4-hydroxyisoxazole-3-carboxamido)-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n (6R,7R)-7-[(E)-2-(2-aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
o Cefdinir decarboxy open ring lactone is a mixture of 2 isomers labeled cefdinir decarboxy open ring lactone a and b. The sum of the values is reported; the limit
for sum of the 2 isomers is 1.0%.
p (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.
 

▲USP35 C14H15N5O6S2 413.43
USP Cefdinir Related Compound B RS

ADDITIONAL REQUIREMENTS (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-
• PACKAGING AND STORAGE:  Preserve in tight light-resistant con- thia-1-azabicyclo](4.2.0)]oct-2-ene-2-carboxylic acid.

tainers, and store at controlled room temperature. C14H13N4O4S2 365.41
• USP REFERENCE STANDARDS 〈11〉

USP Cefdinir RS
USP Cefdinir Related Compound A RS
(2R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimi-
no)acetamido]-2-[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-te-
trahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid (other
three stereo isomers are also present in this RS).
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BRIEFING Mobile phase:  Methanol, tetrahydrofuran, and Solution A
(111:28:1000)

System suitability solution:  50 µg/mL of USP Cefdinir RS and
175 µg/mL of m-hydroxybenzoic acid in BufferCefdinir for Oral Suspension,  page R-1398 of the USP 33

Standard solution:  50 µg/mL of USP Cefdinir RS in BufferSecond Supplement Reissue. On the basis of a request from an
Sample solution:  Equivalent to 50 µg/mL of cefdinir, fromapproved manufacturer, it is proposed (1) to delete the test for
constituted Cefdinir for Oral Suspension, in BufferLoss on Drying because the limit depends on the excipients used

Chromatographic systemin the product; (2) to delete the thin-layer chromatographic
(See Chromatography 〈621〉, System Suitability.)Identification test A  because this test uses hazardous solvents like
Mode:  LChexane and tetradecane, and an HPLC retention time compari-
Detector:  UV 254 nmson is adequate for identification purposes; (3) to revise the triv-
Column:  3.9-mm × 15-cm; 4-µm packing L1ial names of the related compounds to align the drug substance
Flow rate:  1.4 mL/minand drug product monographs; and (4) to delete the limit of
Injection size:  15 µLTotal unidentified impurities in Table 2 of the Organic Impurities

System suitabilitytest, as per current USP practices.
Samples:  Standard solution and System suitability solution
Suitability requirements

Resolution:  NLT 3.0 between cefdinir and m-hydroxyben-
(SM1: A. Wise.) RTS—C83804 zoic acid, System suitability solution

Tailing factor:  NMT 2.0 for cefdinir, System suitability
solution

Relative standard deviation:  NMT 1.0% for cefdinir, Stan-
. dard solutionCefdinir for Oral Suspension Analysis

Samples:  Standard solution and Sample solution
DEFINITION Calculate the percentage of cefdinir (C14H13N5O5S2) in the por-
Cefdinir for Oral Suspension contains NLT 90.0% and NMT tion of Cefdinir for Oral Suspension taken:

110.0% of the labeled amount of cefdinir (C14H13N5O5S2). It
may contain one or more suitable buffers, flavors, preservatives, Result = (rU/rS) × (CS/CU) × 100
stabilizing agents, sweeteners, and suspending agents.

rU = peak response for cefdinir from the Sample solu-
IDENTIFICATION tion

rS = peak response for cefdinir from the Standard solu-
tionDelete the following: CS = concentration of the Standard solution (µg/mL)

CU = nominal concentration of cefdinir in the Sample
solution (µg/mL)▲• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

Acceptance criteria:  90.0%–110.0%Buffer:  Prepare as directed in the Assay.
Standard solution:  600 µg/mL of USP Cefdinir RS in metha- PERFORMANCE TESTSnol and Buffer (3:1) • DISSOLUTION 〈711〉Sample solution:  Transfer an equivalent to 125 mg of Medium:  0.05 M phosphate buffer pH 6.8; 900 mLcefdinir, from reconstituted Oral Suspension, to a 100-mL vol- Apparatus 2:  50 rpmumetric flask, add 50 mL of Buffer, and dilute with methanol Time:  30 minto volume. Pass a portion through a suitable filter of 0.45-µm Detector:  UV 290 nmpore size, transfer 5.0 mL of the filtrate to a 10-mL volumetric Standard solution:  0.14 mg/mL USP Cefdinir RS in Mediumflask, and dilute with methanol to volume. Sample solution:  Transfer 5 mL, by weight, of the reconsti-Adsorbent:  0.25-mm layer of chromatographic silica gel, tuted Oral Suspension into the vessel. After the appropriatepreconditioned with n-hexane and tetradecane (95:5) time, withdraw a portion of the solution under test, and passApplication volume:  10 µL through a suitable filter of 0.45-µm pore size. Dilute a portionDeveloping solvent system:  Methanol and water (4:1) of each filtered sample with Medium as necessary to obtain aVisualization:  Short-wavelength UV solution having a concentration of about 0.14 mg/mL ofAnalysis cefdinir.Samples:  Standard solution and Sample solution Blank:  MediumDevelop the chromatogram until the solvent front has moved Analysis:about 15 cm. Remove the plate, and allow the solvent to Determine the percentage of the labeled amount of cefdinirevaporate. (C14H13N5O5S2) dissolved:Acceptance criteria:  The RF value of the principal spot from
the Sample solution corresponds to that from the Standard Result = (AU/AS) × [(CS × d × D × V)/W × L] × 100solution.▲USP35

AU = absorbance of the Sample solution
AS = absorbance of the Standard solutionChange to read:
CS = concentration of the Standard solution (mg/mL)
d = density of the Cefdinir for Oral Suspension

• B.▲A.▲USP35  The retention time of the major peak of the Sample (mg/mL)
solution corresponds to that of the Standard solution, as ob- D = dilution factor of the Sample solution (mL/mL)
tained in the Assay. V = volume of Medium, 900 mL

W = weight of Cefdinir for Oral Suspension taken
ASSAY (mg)
• PROCEDURE L = label claim (mg/mL)

Buffer:  10.7 mg/mL of anhydrous dibasic sodium phosphate Tolerances:  NLT 80% (Q) of the labeled amount of
and 3.4 mg/mL of monobasic potassium phosphate in water. C14H13N5O5S2 is dissolved.
Adjust with phosphoric acid or sodium hydroxide to a pH of • UNIFORMITY OF DOSAGE UNITS 〈905〉 (for solid packaged in sin-
7.0 ± 0.05 before final dilution. gle-unit containers):  Meets the requirements

Solution A:  7 mg/mL of citric acid monohydrate. Adjust with • DELIVERABLE VOLUME 〈698〉 (for solid packaged in single-unit
phosphoric acid to a pH of 2.0 ± 0.05 . containers):  Meets the requirements
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IMPURITIES Standard solution:  15 µg/mL of USP Cefdinir RS, from the
Standard stock solution in Solution C

Sample solution:  Transfer an equivalent to 150 mg ofChange to read: cefdinir from constituted Cefdinir for Oral Suspension to a
100-mL volumetric flask. Dissolve in 30 mL of Buffer, and
dilute with Solution C to volume.Organic Impurities

Chromatographic system• PROCEDURE
(See Chromatography 〈621〉, System Suitability.)Solution A:  14.2 mg/mL of anhydrous dibasic sodium
Mode:  LCphosphate
Detector:  UV 254 nmSolution B:  13.6 mg/mL of monobasic potassium phosphate
Column:  4.6-mm × 15-cm; 5-µm packing L1Buffer:  Combine appropriate amounts of Solution A and Solu-
Column temperature:  40° ■

■2S (USP33)tion B (about 2:1) to obtain a pH 7.0 ± 0.1 solution.
■Autosampler■2S (USP33) temperature:  4° ■

■2S (USP33)Solution C:  Dilute tetramethylammonium hydroxide (10%
Flow rate:  1 mL/minaqueous) with water to obtain a 0.1% solution. Adjust with
Injection size:  10 µLdilute phosphoric acid (1 in 10) to a pH of 5.5 ± 0.1.

System suitabilitySolution D:  37.2 mg/mL edetate disodium
Samples:  System suitability solution and Standard solutionSolution E:  To 1000 mL of Solution C add 0.4 mL of Solution
Suitability requirementsD.
Resolution:  NLT 1.5 between cefdinir and the third peakSolution F:  Acetonitrile, methanol, Solution C, and Solution D
for USP Cefdinir Related Compound A RS, System suitabil-(150:100:250:0.2)
ity solutionMobile phase:  See Table 1.

Tailing factor:  NMT 1.5 for cefdinir related compound B,
System suitability solution

Table 1 Relative standard deviation:  NMT 2.0% for the cefdinir
peak response, Standard solutionTime Solution E Solution F

Analysis(min) (%) (%)
Samples:  Standard solution and Sample solution0 95 5

Calculate the percentage of each impurity in the portion of2 95 5 Cefdinir for Oral Suspension taken:
22 75 25
32 50 50 Result = (rU/rS) × (CS/CU) × 100/F
37 50 50

rU = peak response of each impurity from the Sample38 95 5
solution

58 95 5 rS = peak response of cefdinir from the Standard solu-
tionSystem suitability stock solution 1:  40 µg/mL of USP

CS = concentration of the Standard solution (mg/mL)Cefdinir Related Compound A RS in Solution C
CU = nominal concentration of cefdinir in the SampleSystem suitability stock solution 2:  40 µg/mL of USP

solution (mg/mL)Cefdinir Related Compound B RS in Buffer
F = relative response factor (see Table 2)System suitability solution:  Transfer 37.5 mg of USP

Acceptance criteriaCefdinir RS to a 25-mL volumetric flask. Add about 10 mL of
Individual impurities:  See Impurity Table 1.Buffer. Add 5.0 mL each of System suitability stock solution 1
Total impurities:  NMT 6.2%and System suitability stock solution 2, and dilute with Solution

C to volume.
Standard stock solution:  750 µg/mL of USP Cefdinir RS in
Buffer

■Impurity Table 1

Relative Relative Reporting Acceptance
Retention Response Threshold Criteria,

Name Time Factor (% Cefdinir) NMT (%) 
Impurity VIIIa 0.10 1.1 0.1 0.5
Impurity IVb 0.13 1.1 0.1 0.5
Impurity XIVc 0.36 1.0 0.05 0.2

 a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido](carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e Impurity B, Impurity D, and Impurity E are unidentified impurities.
f This information cannot be disclosed.
g Cefdinir related compound A is a mixture of 4 isomers designated as lactam ring cleavage lactones a, b, c, and d. The sum of all values is reported and the total
limit for all 4 isomers combined is 3.3%.
h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-[(E)-2-(2-aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n  Impurity III is a mixture of 2 isomers designated as Impurity llla and Impurity lllb. The sum of both values is reported and the total limit for both isomers
combined is 1.1%. 
o (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.
p The total unidentified impurities limit includes the percent total of unidentified impurities B, D, and E and any other unidentified impurities.
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■Impurity Table 1 (Continued)

Relative Relative Reporting Acceptance
Retention Response Threshold Criteria,

Name Time Factor (% Cefdinir) NMT (%) 
Impurity Vd 0.46 1.5 0.05 0.7
Impurity Be 0.77 1.0 0.05 0.3
Impurity XIf 0.75 1.0 0.05 0.7
Cefdinir Related Compound A (lac-

0.85 1.5 0.1 3.3
tam ring cleavage lactones-a)g,h

Cefdinir Related Compound A (lac-
0.94 1.5 0.1 —

tam ring cleavage lactones-b)g,h

Cefdinir Related Compound A (lac-
1.11 1.5 0.1 —

tam ring cleavage lactones-c)g,h

Cefdinir Related Compound A (lac-
1.14 1.5 0.1 —

tam ring cleavage lactones-d)g,h

Impurity VIi 1.18 1.1 0.05 0.2
Impurity Ij 1.23 1.2 0.05 0.8
Cefdinir Related Compound Bk 1.28 1.1 0.05 0.2
Impurity XIIIf 1.37 1.4 0.05 0.5
Impurity Ee 1.44 1.0 0.05 0.2
Impurity XVl 1.49 1.0 0.05 0.2
Impurity VIIm 1.51 1.1 0.05 1.2
Impurity IIIan,o 1.62 1.3 0.05 1.1
Impurity IIIbn,o 1.64 1.3 0.05 —
Impurity De 1.82 1.0 0.05 0.2
Individual unidentified impurities — 1.0 — 0.2
Total unidentified impuritiesp — — — 0.9
 a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido](carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e Impurity B, Impurity D, and Impurity E are unidentified impurities.
f This information cannot be disclosed.
g Cefdinir related compound A is a mixture of 4 isomers designated as lactam ring cleavage lactones a, b, c, and d. The sum of all values is reported and the total
limit for all 4 isomers combined is 3.3%.
h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-[(E)-2-(2-aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n  Impurity III is a mixture of 2 isomers designated as Impurity llla and Impurity lllb. The sum of both values is reported and the total limit for both isomers
combined is 1.1%. 
o (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.
p The total unidentified impurities limit includes the percent total of unidentified impurities B, D, and E and any other unidentified impurities.

■2S (USP33) ▲Acceptance criteria:  See Table 2.
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Table 2

AcceptanceRelative Relative Reporting
Criteria,Retention Response Threshold

Name Time Factor (% Cefdinir) NMT (%) 
Thiazolylacetyl glycine oximea 0.10 1.1 0.1 0.5
Thiazolylacetyl glycine oxime

0.13 1.1 0.1 0.6
acetalb

Cefdinir sulfoxidec 0.36 1.0 0.05 0.2
Cefdinir thiazine analogd 0.46 1.5 0.05 0.3
3-Methyl cefdinire 0.75 1.0 0.05 0.7
Cefdinir Impurity 1f 0.77 1.0 0.05 0.2
Cefdinir related compound A

0.85 1.5 0.1
(cefdinir open ring lactone a)g,h

Cefdinir related compound A
0.94 1.5 0.1

(cefdinir open ring lactone b)g,h

3.3
Cefdinir related compound A

1.11 1.5 0.1
(cefdinir open ring lactone c)g,h

Cefdinir related compound A
1.14 1.5 0.1

(cefdinir open ring lactone d)g,h

7S-Cefdiniri 1.18 1.1 0.05 0.2
Cefdinir lactonej 1.23 1.2 0.05 0.8
Cefdinir related compound Bk 1.28 1.1 0.05 0.2
Cefdinir isoxazole analogl 1.37 1.4 0.05 0.5
Cefdinir impurity 2e 1.44 1.0 0.05 0.2
Cefdinir glyoxalic analogm 1.49 1.0 0.05 0.2
E-Cefdinirn 1.51 1.1 0.05 1.2
Cefdinir decarboxy open ring lac-

1.62 1.3 0.05
tone ao,p

1.1
Cefdinir decarboxy open ring lac-

1.64 1.3 0.05
tone bo,p

Cefdinir impurity 3e 1.82 1.0 0.05 0.2
Individual unidentified impurities — 1.0 0.05 0.2
Total impurities — — — 6.2
a N-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetyl]glycine.
b (Z)-2-(2-Aminothiazol-4-yl)-N-(2,2-dihydroxyethyl)-2-(hydroxyimino)acetamide.
c (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-5,8-dioxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d (R,Z)-2-{(R)-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido](carboxy)methyl}-5-ethylidene-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
e (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f Cefdinir impurity 1, cefdinir impurity 2, and cefdinir impurity 3 are unidentified impurities.
g Cefdinir related compound A is a mixture of 4 isomers labeled cefdinir open ring lactones a, b, c and d. The sum of the values is reported; the limit for the sum of
the 4 isomers is 3.3%.
h 2(R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-2-[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid.
i (6R,7S)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-((3RS,5aR,6R)-3-methyl-1,7-dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl)acetamide.
k (6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l (6R,7R)-7-(4-hydroxyisoxazole-3-carboxamido)-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
m (6R,7R)-7-[2-(2-Aminothiazol-4-yl)-2-oxoacetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
n (6R,7R)-7-[(E)-2-(2-aminothiazol-4-yl)-2-(hydroxyimino)acetamido]-8-oxo-3-vinyl-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
o Cefdinir decarboxy open ring lactone is a mixture of 2 isomers labeled cefdinir decarboxy open ring lactone a and b. The sum of the values is reported; the limit
for sum of the 2 isomers is 1.1%.
p (Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimino)-N-{[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]methyl}acetamide.
 

▲USP35 C14H13N5O5S2 in a given volume of Cefdinir for Oral Suspen-
sion after constitution.

SPECIFIC TESTS • USP REFERENCE STANDARDS 〈11〉
• PH 〈791〉:  3.5–4.5 USP Cefdinir RS

USP Cefdinir Related Compound A RS
(2R)-2-[(Z)-2-(2-Aminothiazol-4-yl)-2-(hydroxyimi-Delete the following:
no)acetamido]-2-[(2RS,5RS)-5-methyl-7-oxo-2,4,5,7-te-
trahydro-1H-furo[3,4-d][1,3]thiazin-2-yl]acetic acid (other
three stereo isomers are also present in this RS).▲• LOSS ON DRYING 〈731〉:  Dry about 1 g over phosphorous

C14H15N5O6S2 413.43pentoxide in a vacuum not exceeding 5 mm of mercury at
USP Cefdinir Related Compound B RS70° for 4–4.5 h: it loses NMT 1.0% of its weight.▲USP35
(6R,7R)-7-[2-(2-Amino-4-thiazolyl)acetamido]-8-oxo-3-vinyl-5-

ADDITIONAL REQUIREMENTS thia-1-azabicyclo](4.2.0)]oct-2-ene-2-carboxylic acid.
• PACKAGING AND STORAGE:  Preserve in tight light-resistant con- C14H13N4O4S2 365.41

tainers, and store at controlled room temperature.
• LABELING:  The label specifies the directions for the constitution

of the powder and states the equivalent amount of
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BRIEFING Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; 5-µm packing L11
Column temperature:  60°Celecoxib.  Because there is no existing USP monograph for this
Flow rate:  1.5 mL/mindrug substance, a new monograph, based on validated methods
Injection size:  25 µLof analysis, is being proposed. The liquid chromatographic pro-
Run time:  About 1.5 times the celecoxib peak elutioncedures in the Assay and the test for Organic Impurities are based

System suitabilityon analyses performed with the Supelcosil LC-DP brand of L11
Samples:  System suitability solution and Standard solutioncolumn. The typical retention time for the celecoxib peak is
Suitability requirementsabout 23 min.

Resolution:  NLT 1.8 between celecoxib related compoundCelecoxib is part of a USP/Pharmeuropa pilot project for prospec-
A and celecoxib and NLT 1.8 between celecoxib andtive harmonization of monographs for drug substances. The
celecoxib related compound B, System suitability solutiondraft monograph has been jointly prepared by the U.S. and

Relative standard deviation:  NMT 0.73%, StandardEuropean pharmacopeias and is now being presented for pub-
solutionlic comment in their Forums.

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C17H14F3N3O2S in the portion of

(SM2: C. Anthony.) RTS—C70115 Celecoxib taken:

Result = (rU/rS) × (CS/CU) × 100

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

Acceptance criteria:  98.0%–102.0% on the anhydrous basis
.

▲Celecoxib IMPURITIES
Inorganic Impurities

C17H14F3N3O2S 381.4 • HEAVY METALS:  NMT 20 ppm
4-[5-(4-Methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1- Diluent:  Acetone and water (17:3)

yl]benzenesulfonamide; Standard solution:  Dilute 1.0 mL of Standard Lead Solution,
p-[5-p-Tolyl-3-(trifluoromethyl)pyrazol-1-yl]benzenesulfonamide prepared as directed under Heavy Metals 〈231〉, Special Re-

[169590-42-5]. agents, with Diluent to 20 mL.
Sample solution:  Dissolve 0.50 g of Celecoxib in 20 mL ofDEFINITION Diluent. Celecoxib contains NLT 98.0% and NMT 102.0% of Blank solution:  20 mL of DiluentC17H14F3N3O2S, calculated on the anhydrous basis. Analysis

Samples:  Standard solution, Blank solution, and SampleIDENTIFICATION
solution• A. INFRARED ABSORPTION 〈197〉: [NOTE—Methods 〈197A〉,

To each solution, add 2 mL of pH 3.5 Acetate Buffer, prepared〈197K〉, or 〈197M〉 under Infrared Absorption may be used.]
as directed under Heavy Metals 〈231〉, Method I. Mix, and[NOTE—If the spectra obtained show differences, dissolve the
add to each solution 1.2 mL of thioacetamide–glycerin basesubstance to be examined and the Reference Standard sepa-
TS. Mix immediately, and allow to stand for 2 min. Pass therately in isopropyl alohol, evaporate to dryness, and record
solutions through a filter of 0.45-µm pore size. Compare thethe new spectra.]
spots on the filters obtained from each of the solutions.• B.  The retention time of the major peak of the Sample solution

Acceptance criteria:  The brownish-black color of the spotcorresponds to that of the Standard solution, as obtained in
resulting from the Sample solution is not more intense thanthe Assay.
that of the spot resulting from the Standard solution. The test
is invalid if the Standard solution does not show a brownish-ASSAY
black color compared to the Blank solution.• PROCEDURE

• RESIDUE ON IGNITION 〈281〉:  NMT 0.2%, using a platinumBuffer:  2.7 g/L of monobasic potassium phosphate adjusted
cruciblewith phosphoric acid to a pH of 3.0 ± 0.1

Organic ImpuritiesMobile phase:  Methanol, acetonitrile, and Buffer (3:1:6)
• PROCEDUREDiluent:  Methanol and water (3:1)

Buffer, Mobile phase, Diluent, System suitability solution,System suitability solution:  0.5 mg/mL of USP Celecoxib RS
Sample solution, and Chromatographic system:  Proceedand 2.4 µg/mL each of USP Celecoxib Related Compound A
as directed in the Assay.RS and USP Celecoxib Related Compound B RS in Diluent

Standard solution:  0.5 µg/mL of USP Celecoxib RS in DiluentStandard solution:  0.5 mg/mL of USP Celecoxib RS in Dilu-
System suitabilityent. [NOTE—Sonicate if necessary.]

Samples:  System suitability solution and Standard solutionSample solution:  0.5 mg/mL of Celecoxib in Diluent. [NOTE—
Suitability requirementsSonicate if necessary.]
Resolution:  NLT 1.8 between celecoxib related com-Chromatographic system
pound A and celecoxib and NLT 1.8 between celecoxib(See Chromatography 〈621〉, System Suitability.)
and celecoxib related compound B, System suitability
solution

Signal-to-noise ratio:  NLT 20, Standard solution
Analysis

Samples:  Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of
Celecoxib taken:

Result = (rU/rS) × (CS/CU) × 100
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rU = peak response for each impurity in the Sample 3.  A note is added in the System suitability section of the Assay
solution to indicate that USP Clindamycin Hydrochloride RS con-

rS = peak response of celecoxib in the Standard solu- tains 7-epiclindamycin and clindamycin B, which are re-
tion quired to establish system suitability.

CS = concentration of celecoxib in the Standard solu- 4.  The Assay is revised to remove the system suitability crite-
tion (mg/mL) rion for column efficiency. The remaining criteria are ade-

CU = concentration of Celecoxib in the Sample solu- quate to establish chromatographic system suitability.
tion (mg/mL) 5.  The monograph is being updated to the current USP style.

Acceptance criteria
Individual impurities:  See Table 1.
[NOTE—Disregard any impurity peak less than 0.05%.] (SM1: A. Wise.) RTS—C70519

Table 1

Relative Acceptance
.

Retention Criteria, Clindamycin HydrochlorideName Time NMT (%)
Celecoxib related compound A a 0.9 0.4
Celecoxib 1.0 —
Celecoxib related compound B b 1.1 0.10
Individual unspecified impurity — 0.10
Total impurities — 0.5
a 4-[5-(3-Methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-
yl]benzenesulfonamide.  
 b 4-[3-(4-Methylphenyl)-5-(trifluoromethyl)-1H-pyrazol-1-
yl]benzenesulfonamide. C18H33ClN2O5S · HCl 461.45

L-threo-α-D-galacto-Octopyranoside, methyl 7-chloro-6,7,8-tride-SPECIFIC TESTS oxy-6-[[(1-methyl-4-propyl-2-pyrrolidinyl)-carbonyl]amino]-1-• WATER DETERMINATION, Method I 〈921〉:  NMT 0.5%, using a thio-, (2S-trans)-, monohydrochloride;400-mg sample Methyl 7-chloro-6,7,8-trideoxy-6-(1-methyl-trans-4-propyl-L-2-pyr-
rolidinecarboxamido)-1-thio-L-threo-α-D-galacto-octopyranosideADDITIONAL REQUIREMENTS
monohydrochloride. [21462-39-5].• PACKAGING AND STORAGE:  Preserve in tight containers, pro-

Monohydrate [58207-19-5].tected from light and moisture. Store at room temperature.
479.47• USP REFERENCE STANDARDS 〈11〉

USP Celecoxib RS DEFINITIONp-[5-p-tolyl-3-(trifluoromethyl)pyrazol-1- Clindamycin Hydrochloride is the hydrated hydrochloride salt ofyl]benzenesulfonamide. clindamycin, a substance produced by the chlorination of linco-C17H14F3N3O2S  381.4 mycin. It has a potency equivalent to NLT 800 µg/mg ofUSP Celecoxib Related Compound A RS C18H33ClN2O5S.4-[5-(3-Methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-
yl]benzenesulfonamide. IDENTIFICATION

C17H14F3N3O2S 381.4
USP Celecoxib Related Compound B RS

Change to read:4-[3-(4-Methylphenyl)-5-(trifluoromethyl)-1H-pyrazol-1-
yl]benzenesulfonamide.

C17H14F3N3O2S 381.4 ▲USP35 • ▲A.▲USP35 INFRARED ABSORPTION 〈197M〉

Add the following:
BRIEFING

▲• B.  The retention time of the major peak of the Sample solu-
tion corresponds to that of the Standard solution, as obtainedClindamycin Hydrochloride,   USP 32 page 1966. The follow-
in the Assay.▲USP35ing revisions are proposed:

1.  An identification test based on HPLC retention time is
ASSAYadded to the monograph to provide an additional confir-

mation to the spectroscopic identification procedure.
2.  The note under the Mobile phase in the Assay is deleted Change to read:

because this information is not required in individual
monographs. This is commonly available knowledge and

• PROCEDUREdoes not add value to the monograph. It is being deleted
Buffer:  6.8 g/L of monobasic potassium phosphate in water.for consistency with current USP style.
Adjust with 8 N potassium hydroxide to a pH of 7.5.

Mobile phase:  Acetonitrile and Buffer (9:11)
[NOTE—Increasing the proportion of acetonitrile in the Mobile
phase decreases the retention time, and decreasing it in-
creases the resolution between 7-epiclindamycin and
clindamycin.]

▲
▲USP35

Standard solution:  1 mg/mL of USP Clindamycin Hydrochlo-
ride RS in Mobile phase

Sample solution:  1 mg/mL of Clindamycin Hydrochloride in
Mobile phase
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Chromatographic system CS = concentration of USP Lincomycin Hydrochloride
(See Chromatography 〈621〉, System Suitability.) RS in the Standard solution (mg/mL)
Mode:  LC CU = concentration of Clindamycin Hydrochloride in
Detector:  UV 210 nm the Sample solution (mg/mL)
Column:  4.6-mm × 25-cm; 5-µm packing L1 P = potency of USP Lincomycin RS (µg/mg)
Flow rate:  1 mL/min F = conversion factor (0.001 mg/µg)
Injection size:  10 µL Calculate the percentage of all other related compounds in

System suitability the portion of Clindamycin Hydrochloride taken:
Sample:  Standard solution

Result = (rU/rS) × (CS/CU) × P × F × 100Suitability requirements
▲[NOTE—USP Clindamycin Hydrochloride RS contains

rU = peak response of each individual related com-clindamycin B and 7-epiclindamycin as minor
pound, other than lincomycin, from the Samplecomponents.]▲USP35
solutionResolution:  NLT 2.4 between clindamycin B and 7-

rS = peak response of clindamycin from the Standardepiclindamycin; and NLT 3.0 between 7-epiclindamycin
solutionand clindamycin

CS = concentration of USP Clindamycin HydrochlorideColumn efficiency:  NLT 4000 theoretical plates from the
RS in the Standard solution (mg/mL)clindamycin peak

CU = concentration of the Sample solution (mg/mL)▲
▲USP35

P = potency of USP Clindamycin Hydrochloride RSTailing factor:  NMT 1.2 for the clindamycin peak
(µg/mg)Relative standard deviation:  NMT 1.0% for the

F = conversion factor (0.001 mg/µg)clindamycin peak
Acceptance criteria  See Table 1.Analysis

Samples:  Standard solution and Sample solution
Record the chromatograms for a period of time that is twice Table 1
the retention time of the clindamycin peak.

Relative AcceptanceCalculate the potency of C18H33ClN2O5S, in µg/mg, in the por-
Retention Criteria,tion of Clindamycin Hydrochloride taken:

Name Time NMT (%)
Lincomycina 0.4 —Result = (rU/rS) × (CS/CU) × P
Clindamycin B 0.65 2.0

rU = peak area response from the Sample solution 7-Epiclindamycin 0.8 4.0
rS = peak area response from the Standard solution Clindamycin 1.0 —CS = concentration of USP Clindamycin Hydrochloride

Any other individual — 1.0RS in the Standard solution (mg/mL)
related compoundCU = concentration of Clindamycin Hydrochloride in

Total related compoundsb — 6.0the Sample solution (mg/mL)
a Lincomycin is controlled in the total of all related compounds. There is noP = potency of clindamycin in USP Clindamycin Hy-
individual acceptance criterion for this compound.drochloride RS (µg/mg)
b Total of all related compounds including lincomycin.Acceptance criteria:  NLT 800 µg/mg

SPECIFIC TESTSIMPURITIES
• CRYSTALLINITY 〈695〉:  Meets the requirementsOrganic Impurities
• PH 〈791〉:  3.0–5.5, in a 100 mg/mL solution• PROCEDURE
• WATER DETERMINATION, Method I 〈921〉:  3.0%–6.0%Solution A and Mobile phase:  Prepare as directed in the

Assay. ADDITIONAL REQUIREMENTSStandard stock solution:  0.5 mg/mL of USP Lincomycin Hy- • PACKAGING AND STORAGE:  Preserve in tight containers.drochloride RS and 1 mg/mL of USP Clindamycin Hydrochlo- • USP REFERENCE STANDARDS 〈11〉ride RS in Mobile phase USP Clindamycin Hydrochloride RSStandard solution:  50 µg/mL of USP Lincomycin Hydrochlo-
L-threo-α-D-galacto-Octopyranoside, methyl 7-chloro-6,7,8-ride RS and 100 µg/mL of USP Clindamycin Hydrochloride RS trideoxy-6-[[(1-methyl-4-propyl-2-pyrrolidinyl)-carbon-from Standard stock solution in Mobile phase. yl]amino]-1-thio-, (2S-trans)-, monohydrochloride.Sample solution:  5 mg/mL of Clindamycin Hydrochloride in C18H33ClN2O5S · HCl 461.45Mobile phase USP Lincomycin Hydrochloride RSChromatographic system
D-erythro-α-D-galacto-Octopyranoside, methyl 6,8-dideoxy-6-(See Chromatography 〈621〉, System Suitability.) [[(1-methyl-4-propyl-2-pyrrolidinyl)carbonyl]amino]-1-thio-,Mode:  LC monohydrochloride, monohydrate, (2S-trans)-.Detector:  UV 210 nm C18H34N2O6S · HCl · H2O 461.02Column:  4.6-mm × 25-cm; 5-µm packing L1

Flow rate:  1 mL/min
Injection size:  10 µL

Analysis BRIEFINGSamples:  Standard solution and Sample solution
Record the chromatograms for a period of time that is six
times the retention time of clindamycin.

Scaffold Equine Pericardium Collagen.  Because there is noCalculate the percentage of lincomycin in the portion of
existing USP monograph for this product, a new monograph isClindamycin Hydrochloride taken:
being proposed.

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

rU = peak response of lincomycin from the Sample (BB CGT: F. Atouf.) RTS—C57475
solution

rS = peak response of lincomycin from the Standard
solution
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450 ± 5 g of NaOH in water, cool to room temperature, andAdd the following:
dilute to 1 L.

Methyl red indicator:  Dissolve 1 g of methyl red (Na salt) in
. 100 mL of methanol.

Sulfuric acid:  0.25 M, or hydrochloric acid (HCl), 0.5 M▲Scaffold Equine Pericardium Collagen
Sodium hydroxide (NaOH) solution:  0.1 M

Method:  Prepare Kjeldahl flasks with a capacity of 500–800DEFINITION
mL. Place 0.250–1.000 g of the test sample into digestionScaffold Equine Pericardium Collagen is a collagen scaffold de-
flasks. Add 15 g of potassium sulfate (K2SO4), 0.04 g of anhy-rived from equine pericardium. Equine pericardium is com-
drous cupric sulfate (CuSO4), 0.5–1.0 g of alundum granules,posed primarily of Type I collagen with interspersed elastin fi-
and 20 mL of sulfuric acid (H2SO4). Heat the flask at a 5-minbers, along with trace amounts of Type III collagen and a minor
boil rate (burner preheated and adjusted to bring 250 mL ofamount of proteoglycans. The scaffold is chemically and physi-
H2O at 25° to a rolling boil in 5 min) until dense white fumescally processed to remove cells and cellular components (decel-
clear the bulb of the flask, swirl gently, and continue heatinglularized), followed by a stabilization (crosslinking) process and
an additional 90 min. [NOTE—Reagent proportions, heat input,is sterilized using a liquid chemical sterilant. Manufacturing
and digestion time are critical factors—do not change.] Allowprocesses have been validated to achieve inactivation of viruses
to cool, cautiously add 250 mL of H2O, mix, and cool to roomand transmittable agents. The scaffold is visibly inspected and
temperature. [NOTE—If bumping occurs during distillation, thetested to assure the product meets specifications. The final de-
volume of H2O may be increased to about 275 mL.] Prepare avice is supplied hydrated in rectangular sheets and is rinsed in
titration beaker by adding a measured appropriate volume ofsterile saline solution prior to implantation.
standard acid solution to an amount of H2O such that the
condenser tip will be sufficiently immersed. Add 3–4 drops ofSPECIFIC TESTS
methyl red indicator solution. Add 2–3 drops of tributyl citrate• HISTOLOGICAL EVALUATION
to the digestion flask to reduce foaming; add anotherMethod:  Cut samples into 1.5-cm × 1.5-cm pieces, and place
0.5–1.0 g of alundum granules. Slowly, down the side of theinto suitable histological tissue cassettes for routine histology
flask, add sufficient NaOH solution, such that the mixture willprocessing and paraffin embedding. Place cassettes in 10%
be strongly alkaline (pH >11). Immediately connect the diges-neutral buffered formalin1  for 24 h. Dehydrate samples in
tion flask to the distillation apparatus by a rubber stopper andsequential soaks of the following: xylene2  (2.5 min, 3 times),
connect the distillation trap to the condenser with low-S tub-100% alcohol (45 s), 100% alcohol3  (30 s) and 95% alcohol4
ing (outlet of condenser tube should be less than 4 mm in (30 s). Embed the samples in melted paraffin, cool and cut
diameter). Mix completely, and distill at about a 7.5-min boilstions with a microtome. Cut stions at three levels, 0.5 µm
rate (NLT 150 mL of distillate is collected in a titrationthick. Cut planar stions 25–50 µm apart and cross stions 50
beaker). Titrate excess standard acid in distillate with standardµm apart. Collect stions on microscope slides. Rinse the slide
NaOH solution. Perform a reagent blank determination withwith distilled water for 1 min. Stain in hematoxylin5  for 3.5
each test run. Calculate percent nitrogen (N).min. Rinse sequentially in water for 5 s, in water for 45 s, in
When standard H2SO4 is used:Clarifier 26  for 40 s, and in water for 45 s. Place in Bluing

reagent7  for 45 s until the stions are bright blue. Rinse in
N, % (w/w) = [(Macid)(2)(mLacid) − (mLbk)(MNaOH) water for 1 min. Place in 95% alcohol for 10 s. Place in Eosin

− (mLNaOH)(MNaOH)][1400.67]/mg test sampleY8  for 1 min 15 s. Dehydrate and clear through the following
rinses: 100% alcohol (25 s), 100% alcohol (25 s), 100% alco-

When standard HCl is used:hol (30 s), 100% alcohol (30 s), 100% alcohol (35 s), xylene
(30 s), Clear-Rite9  (1 min), and Clear-Rite (30 s). Attach a N, % (w/w) = [(Macid)(mLacid) − (mLbk)(MNaOH) cover slip over the tissue using an appropriate resinous − (mLNaOH)(MNaOH)][1400.67]/mg test samplemounting media. The nuclei stains blue to purple, the cyto-
plasm stains pink to red, and the collagen fibers stain pink to mLNaOH = standard base needed to titrate distillate (mL)red. Three samples from each stion are assessed with an in- mLacid = standard acid used for that distillate (mL)verted microscope at 10× magnification. mLbk = standard base needed to titrate 1 mL of standardAcceptance criteria:  No evidence of viable cells or residual acid − mL standard base needed to titrate rea-cellular material are apparent in prepared histological stions as gent blank carried through method and dis-shown in the photomicrographs of passing material. tilled into 1 mL of standard acid (mL)• PROTEIN DETERMINATION Macid = molarity of standard acidSolution preparation Mbase = molarity of standard base. Calculate percentAlundum:  Boiling stones, 8–14 mesh10 crude protein, defined as 6.25 × percent nitro-Sodium hydroxide (NaOH):  Use pellets, flakes, or solution gen.with a specific gravity ≥1.36, low nitrogen (N). Dissolve Acceptance criteria:  The percentage of protein is between

87% and 93%.1 10% Neutral buffered formalin can be purchased from VWR, International,
• LIPID ANALYSISLLC, West Chester, PA.

Solution preparation:  Wash commercial anhydrous ether with2 Xylene can be purchased from Richard-Allan Scientific, #6601,
2 or 3 portions of water (H2O), add solid sodium hydroxidewww.rallansci.com.
(NaOH) or potassium hydroxide (KOH), and let stand until3 100% Alcohol can be purchased from Richard-Allan Scientific, #8101,
most of H2O is abstracted from the ether. Decant into a drywww.rallansci.com.
bottle, add small pieces of carefully cleaned metallic Na, and4 95% Alcohol can be purchased from Richard-Allan Scientific, #8201,
let stand until H2 evolution ceases. Keep ether, thus dehy-www.rallansci.com.
drated, over metallic sodium (Na) in loosely stoppered bottles.5 Hematoxylin can be purchased from Richard-Allan Scientific, #7211,

Method:  Weigh 3–4 g of the test sample into a thimble con-www.rallansci.com.
taining a small amount of sand and mix with a glass rod.6 Clarifier 2 can be purchased from Richard-Allan Scientific, #7402,
Place the thimble and rod in 50-mL beaker and dry in anwww.rallansci.com.
oven 6 h at 100°–102° or 1.5 h at 125°. Proceed as in the7 Bluing Reagent can be purchased from Richard-Allan Scientific, #7301,
direct method described below, except dry the extract to con-www.rallansci.com.
stant weight at 100°, cool, and weigh. Petroleum ether may8 Eosin Y can be purchased from Richard-Allan Scientific, #7111,
be used instead of anhydrous ether.www.rallansci.com.
Drying method:  Dry test samples to a constant weight at9 Clear-Rite 3 can be purchased from Richard-Allan Scientific, #6901,
95°–100° under pressure NMT 100 mm Hg (about 5 h). Usewww.rallansci.com.
covered aluminum (Al) dish NLT 50 mm in diameter and 4010 Thomas Scientific Co., No. 1590-D18.
mm deep. Extract about a 2-g test portion, dried as de-

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1523

scribed in the Method, with anhydrous (or petroleum) ether. mum of 5 samples to a 75-mm × 75-mm size and sure within
Use a thimble with porosity permitting rapid passage of a clamping ring (53 mm inner diameter). Attach the clamping
ether. Extraction period may vary from 4 h at a condensation ring to the base of the system such that it is centered beneath
rate of 5–6 drops/s to 16 h at 2–3 drops/s. Dry the extract the metal ball indenter. Test samples using a controlled dis-
30 min at 100°, cool, and weigh. placement of 2 mm/s, until the sample fails completely (ball

Acceptance criteria:  The percentage of fat is between 0% pushes through the sample), and record the load at failure as
and 1.8%. the burst strength.

• MOISTURE DETERMINATION Acceptance criteria:  The average burst strength is >64.9 N.
Method:  Weigh about 2 g of a dry sample and place in a • SUTURE PULLOUT STRENGTH
covered aluminum (Al) dish NLT 50 mm in diameter and 40 Method:  Perform the test using a commercially available ten-
mm deep. Dry to constant weight at 95–100° under pressure sile test system, a calibrated load cell with at least 100 N ca-
NMT 100 mm Hg (about 5 h). Weigh a dried sample and pacity, and a textured clamp. Attach a metal hook to the load
calculate the weight loss on drying. Report loss on drying cell and clamp to the base of the system. Cut a minimum of 4
(LOD) as an estimate of moisture content. samples to a 10-mm × 30-mm size. Using a 2-0 braided poly-

ester suture, place a centered mattress stitch (3 mm wide) on
Weight loss on drying = (weight test sample) − (weight test the end of the sample (long axis). Tie suture limbs with a

sample after drying) standard surgical knot taking care to ensure consistent suture
length between samples. Mount and align the non-sutured
end of the sample onto the bottom clamp. Place the tied

% moisture content (w/w) = % LOD (w/w) = 100 suture end around the metal hook to the load cell. Test sam-
× (wt LOD, g)/(weight test sample, g) ples at a controlled displacement rate of 0.2 mm/s until the

sample fails completely (suture pulls out of sample), and re-Acceptance criteria:  The percentage of moisture is between cord the load at failure as the suture pull out strength.6.6% and 9%. Acceptance criteria:  The average suture pull out strength is • ASH DETERMINATION >4.1 N.Method:   Weigh 3–5 g of the test sample into a shallow, rela- • PRONASE DIGESTION RESISTANCEtively broad ashing dish that has been ignited, cooled in a Solution preparation:  Place a 100-mL beaker on top of adesiccator, and weighed soon after reaching room tempera- magnetic stir plate and add a stir bar. Using a 100-mL volu-ture. Ignite in a furnace at 550° (dull red) until light gray ash metric cylinder, measure 100 mL of S6 HEPES Buffer13  andresults, or to constant weight. Cool in a desiccator and weigh add to the beaker. Using a precision balance, weigh out 60soon after reaching room temperature. Calcium oxide (CaO) is mg of calcium chloride dihydrate and 50 mg of sodium azide.a satisfactory drying agent for use in the desiccator. Add both amounts to the beaker and turn the magnetic stirrer
on. Using a precision balance, measure out 95 mg of prote-% ash = 100 × (wt test sample) / (wt test sample ash ase14  and add to the beaker. Continue stirring until all− wt ashing dish) powders are completely dissolved. Keep covered in a labeled
container at 4°–10°. Use within 2 h of adding protease.Acceptance criteria:  The percentage of ash is between 0%

Method:  Cut test samples to a 1×1-cm size. Turn the Orbitaland 0.27%.
Incubator Shaker15  on, and set the temperature to 50°. Blot• CARBOHYDRATES
samples 3 times with lint-free wipes16  and let air dry over-Method:  The percentage of carbohydrates is determined by
night in a tray. Using a precision balance, weigh each sample,the following formula:
record each weight, and place in respective labeled vials (1 to
n). Using a pipettor, dispense 3 mL of pronase solution in% carbohydrates = 100% − (% protein + % lipid + % ash 
each vial. Place caps on vials, carefully tighten, and place in+ % moisture)
an incubator on a rotating platform. Incubate for 24 ± 1 h at
20 rpm. Remove vials from incubator, and allow them to coolBecause this is a calculated value determined by subtractive
to room temperature. Retrieve samples from vials, blot 3 timesmeans, it is influenced by the error inherent in the test meth-
with lint-free wipes, and place on labeled weigh boats to dryods above (protein determination, lipid analysis, ash determi-
overnight. Using the precision balance, tare the weigh boat,nation and moisture determination).
weigh each sample, and record the weights. Resistance to di-Acceptance criteria:  The percentage of carbohydrates is be-
gestion by pronase is presented as percent sample weight re-tween 0% and 0.45%.
maining following pronase exposure and is derived from the• TENSILE STRENGTH
following equation:Method:  Perform the test using a commercially available ten-

sile test system11, a calibrated load cell with at least 100 N
% weight remaining = 100 × ((W1…n)after digestion/capacity12, and textured clamps. Attach the upper clamp to

(W1…n)beforedigestion)the load cell and the lower clamp to the base of the system.
Cut a minimum of 8 samples into a 10-mm × 45-mm nominal

W = weight of each sample labeled from 1 to nsize and then further cut into hourglass shaped samples 4 mm
Acceptance criteria:  The percentage of sample weight re-wide in the narrow center region (10 mm gauge length, 45
maining is ≥78% of the original sample weight.mm total length) using a custom punch and die. Mount and

• THERMAL ANALYSISalign samples onto textured clamps using a 10-mm gauge
Method:  Thermal analysis is performed using a differentiallength between the upper and lower clamps. Test the sample
scanning calorimeter17  according to principles outlines inusing a controlled displacement loading rate of 1 mm/s, for a
Thermal Analysis 〈891〉, Transition Temperature. Cut a 5-mm ×maximum of 50 mm, or until the sample fails completely (pul-
5-mm sample of final product and heat from 40°–100° at 30°/led apart), and record the load at failure as the tensile
min along with a reference material. Analyze output and de-strength.
termine the peak thermal transition temperature.Acceptance criteria:  The average tensile strength is >4.5 N.

Acceptance criteria:  The peak thermal transition temperature• BURST STRENGTH
is ≥78°.Method:  Burst strength is determined using a modification of

ASTM Standard D 6548-00. Perform the test using a commer- 13 HEPES, Sigma-Aldrich #H3375, www.sigmaaldrich.com.
cially available tensile test system with calibrated load cell with 14 Protease, Sigma-Aldrich #P5147. www.sigmaaldrich.com.
a capacity of at least 500 N capacity. Attach a custom ball 15 Orbital Incubator Shaker Gyromax 727, Amerex Instruments (Lafayette, CA).
indenter (9.5 mm in diameter) to the load cell. Cut a mini- 16 Technicloth TX609, ITW Texwipe (Mahwah, NJ).

17 Mettler Toledo DSC 823e (Columbus, OH).11 MTS 858 biaxial servohydraulic testing system (Eden Prairie, MN).
12 Interface Electronics 454 N load cell (Scottsdale, AZ).
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• VISUAL INSPECTION .

Method:  Visually inspect the device using a 10× stereo micro- Drospirenone
scope with fiber optic illuminator. Set the microscope zoom to
10× magnification power (magnification power = eyepiece
magnification × objective lens magnification × zoom setting).
Gently grasp the product to be visually inspected with forceps.
Keep the tissue moist with the device storage solution at all
times. Gently wipe off excess solution from the surface with
the edge of the forceps to aid in visual inspection if needed.

Acceptance criteria:  Product should be free of any of the fol-  
lowing visible conditions: Small clusters or bumps on the sur-
face, visible discoloration, blood vessels, unusual softness, sig- C24H30O3 366.49
nificant transparent areas, delamination, split layers or edges. (6R,7R,8R,9S,10R,13S,14S,15S,16S,17S)-1,3′,4′,6,6a,7,8,9,10,

• BACTERIAL ENDOTOXIN TEST 〈85〉:  It contains NMT 20 USP En- 11,12,13,14,15,15a,16-Hexadecahydro-10,13-dimethylspiro-
dotoxin Units/device. [17H-dicyclopropa[6,7:15,16]cyclopenta[a]phenan-

• STERILITY TESTS 〈71〉:  Meets the requirements threne-17,2′(5′H)-furan]-3,5′(2H)-dione;
• SAFETY:   It meets the requirements as set forth for Biological 17-Hydroxy-6β,7β:15β,16β-dimethylene-3-oxo-17 α-pregn-4-

Reactivity Tests, In Vitro 〈87〉, Elution Test. ene-21-carboxylic acid, γ-lactone [67392-87-4].

ADDITIONAL REQUIREMENTS DEFINITION
• LABELING:  The device is labeled to indicate it is derived from Drospirenone contains NLT 98.0% and NMT 102.0% of C24H30O3,

equine origin, is non-pyrogenic, meets USP sterility require- calculated on the anhydrous and solvent-free basis.
ments, and is designed for single, one-time use, along with a

IDENTIFICATIONdevice description. The device is also labeled with the in-
• A. INFRARED ABSORPTION 〈197M〉tended clinical use, size of the device, expiration date, lot
• B.  The retention time of the major peak of the Sample solutionnumber, catalog number, required storage conditions, and

corresponds to that of the Standard solution, as obtained inmanufacturer’s name and address. The label warns the user to
the Assay.inspect the packaging for damage and/or leakage, and to dis-

card the product if the packaging has been compromised. The
ASSAYlabel cautions the user to keep the product hydrated at all

times. The product Instructions for Use include contraindica-
tions, warnings, precautions associated with misuse, and po- Change to read:
tential complications, and also includes the required rinse pro-
cedure prior to use.

• PACKAGING AND STORAGE:  The device is packaged as a rectan- • PROCEDURE
gular sheet immersed in alcohol solution in a sealed leak-proof Solution A:  Water
container. The device is supplied sterile and non-pyrogenic for Solution B:  Acetonitrile
single use and is available in a variety of sizes. The device Diluent:  Acetonitrile and water (1:1)
should be stored in a clean, dry location between 5° and 25° Standard solution:  2 mg/mL of USP Drospirenone RS in
(41°F and 77°F) and should not be exposed to extreme tem- Diluent
peratures. The packaging includes a temperature indicator to Sample solution:  2 mg/mL of Drospirenone in Diluent
assure that safe storage conditions are not exceeded. The de- Mobile phase:  See the gradient table below.
vice should not be refrigerated or frozen.

• USP REFERENCE STANDARDS 〈11〉 Time Solution A Solution B
USP Endotoxin RS (min) (%) (%) 
USP Scaffold Equine Pericardium Collagen RS Photomicro-

0 64 36graphs:  These photomicrographs show the histological ap-
28.5 64 36pearance of failed material containing cellular elements (pho-
45 10 90tomicrographs 1–3) and of passing, processed, decellularized

material containing no cellular elements (photomicrographs 45.5 0 100
4–6). The nuclei stains blue to purple, the cytoplasm stains 52 0 100
pink to red, and the collagen fibers stain pink to red. The 53 64 36
samples were prepared as directed in the Histological

80 64 36Evaluation.
▲USP35 Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 245 nmBRIEFING Column:  4.0-mm × 25-cm; 5-µm L1 packing
Column temperature:  30°
Flow rate:  1.5 mL/min

Drospirenone,  USP 32 page 2220 and page 394 of PF 36(2) Injection size:  10 µL
[Mar.–Apr. 2010]. On the basis of data and comments received, System suitability
it is proposed to replace the procedure in the Assay with that of Samples:  Standard solution and Diluent
Procedure 2 under Organic Impurities. The proposed procedure Suitability requirements
was validated with the YMC Pack Pro brand of 4.6-mm × 25-cm Column efficiency:  NLT 7000 theoretical plates, Standard
L1 column, in which drospirenone elutes at about 20 min. The solution
revision simplifies the monograph by permitting a single HPLC Tailing factor:  NMT 2.5, Standard solution
method to be used for both the Assay and Procedure 2 in the Relative standard deviation:  NMT 1.0%, Standard solution
Organic Impurities section. Blank:  No peaks with a signal-to-noise ratio greater than

10 should be present in the chromatogram of the Diluent
between 5 and 45 min.

(SM4: D. Vicchio.) RTS—C73024
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Analysis IMPURITIES
Samples:  Standard solution and Sample solution Inorganic Impurities
Calculate the percentage of C24H30O3 in the portion of Dro- • RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
spirenone taken: • HEAVY METALS, Method II 〈231〉:  20 ppm

Result = (rU/rS) × (CS/CU) × 100
Change to read:

rU = peak response from the Sample solution
rS = peak response from the Standard solution Organic ImpuritiesCS = concentration of the Standard solution (mg/mL) • PROCEDURE 1: LIMIT OF 1,2-DIMETHOXYETHANE AND DIISOPROPYLCU = concentration of drospirenone in the Sample so- ETHER (if present)lution (mg/mL) Standard solution:  0.1 mg/mL of 1,2-dimethoxyethane and▲Solution A:  Water 0.05 mg/mL of diisopropyl ether in dimethylformamideSolution B:  Acetonitrile Sample solution:  50 mg/mL of Drospirenone inDiluent:  Acetonitrile and water (1:1) dimethylformamideSystem suitability solution:  60 µg/mL of USP Drospirenone Chromatographic systemRS and 60 µg/mL of USP Drospirenone Related Compound A (See Chromatography 〈621〉, System Suitability.)RS in Diluent Mode:  GCStandard solution:  0.6 mg/mL of USP Drospirenone RS in Detector:  Flame ionizationDiluent Column:  0.25-mm × 30-m; 1.4-µm coating of phase G43Sample solution:  0.6 mg/mL of Drospirenone in Diluent Temperature:Mobile phase:  See Table 1. Column:  See Table 2.

Table 1
Table 2

Time Solution A Solution B Time Column Temperature
(min) (%) (%) (min)  (°) 

0 63 37 0 40
16.0 52 48 10 40
23.0 52 48 16 70
31.0 20 80 21 220
39.0 20 80

Injector:  160°39.1 63 37
Detector:  250°49.0 63 37

Carrier gas:  Helium
Flow rate:  32 ± 8 cm/s. [NOTE—For pressure-controlled sys-Chromatographic system
tems, a column pressure of about 130 kPa is necessary.](See Chromatography 〈621〉, System Suitability.)

Injector type:  HeadspaceMode:  LC
Sample volume :  2.0 (mL/vial)Detector:  UV 245 nm
Vial treatment:  Maintain at 80° for 60 min prior toColumn:  4.6-mm × 25-cm; 3-µm packing L1
injection.Column temperature:  35°

System suitabilityFlow rate:  1 mL/min
Sample:  Standard solutionInjection size:  10 µL
[NOTE—The relative retention times for diisopropyl etherSystem suitability
and 1,2-dimethoxyethane are about 0.6 and 1.0,Samples:  System suitability solution and Standard solution
respectively.]Suitability requirements

Suitability requirementsResolution:  NLT 5.0 between drospirenone and drospire-
Relative standard deviation:  NMT 4%none related compound A, System suitability solution

AnalysisTailing factor:  Between 0.8 and 1.5, Standard solution
Samples:  Standard solution and Sample solutionRelative standard deviation:  NMT 2.0%, Standard solution

Calculate the percentage of 1,2-dimethoxyethane and di-Analysis
isopropyl ether in the portion of Drospirenone taken:Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled quantity of drospire-
Result = (rU/rS) × (CS/CU) × 100none (C24H30O3) in the portion of Drospirenone taken:

rU = peak response of 1,2-dimethoxyethane or di-Result = (rU/rS) × (CS/CU) × 100
isopropyl ether from the Sample solution

rS = peak response of 1,2-dimethoxyethane or di-rU = peak response from the Sample solution
isopropyl ether from the Standard solutionrS = peak response from the Standard solution

CS = concentration of 1,2-dimethoxyethane or di-CS = concentration of USP Drospirenone RS in the
isopropyl ether in the Standard solutionStandard solution (mg/mL)
(mg/mL)CU = nominal concentration of drospirenone in the

CU = concentration of Drospirenone in the Sample so-Sample solution (mg/mL)▲USP35
lution (mg/mL)Acceptance criteria:  NLT 98.0%–102.0% on the anhydrous

Acceptance criteriaand solvent-free basis
Individual impurities:  NMT 0.2% of 1,2-dimethoxyethane
and NMT 0.1% of diisopropyl ether

• PROCEDURE 2
Solution A, Solution B, Diluent, Standard solution, Sample
solution, Mobile phase, Chromatographic system, and
System suitability:  Proceed as in the Assay.
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Analysis Acceptance criteria:  See Table 4.
Samples:  Standard solution, Sample solution, and Diluent [NOTE—Disregard any peaks that are less than 0.05% of the
Calculate the percentage of each impurity in the portion of drospirenone peak.]
Drospirenone taken:

Table 4Result = (rU/rT) × 100%
Relative Relative Acceptance

rU = individual peak response from the Sample solu-  Retention  Response  Criteria,
tion Name  Time  Factor  NMT (%) 

rT = sum of all peak responses from the Sample solu- 7-Hydroxymethyl drospi- 0.43 1.9 0.10
tion renone at 245 nma

Acceptance criteria
5-Hydroxydrospirenone at 0.57 0.57 0.10Any individual impurities:  NMT 0.1%
195 nmb

Total impurities:  NMT 0.4%
17-Keto drospirenone at 0.77 1.2 0.10[NOTE—Disregard peaks that are less than 0.05% of the
245 nmcdrospirenone peak.]

Drospirenone at 245 and 1.00 — —■• PROCEDURE 2
195 nmSolution A:  Water

Solution B:  Acetonitrile Drospirenone 6-ene at 1.04 0.30 0.10
Diluent:  Acetonitrile and water (1:1) 245 nmd

System suitability solution:  60 µg/mL of USP Drospirenone Drospirenone related 1.11 1.0 0.10
RS and 60 µg/mL of USP Drospirenone Related Compound A compound A at 245 nme

RS in Diluent 6,7-Desmethylene drospi- 1.18 2.2 0.10
Standard solution:  0.6 µg/mL of USP Drospirenone RS in renone at 245 nmf

Diluent
15-Methyl drospirenone 1.34 0.99 0.10Sample solution:  0.6 mg/mL of Drospirenone in Diluent
at 245 nmg

Mobile phase:  See Table 3.
7-Chloromethyl drospire- 1.38 1.6 0.10
none at 245 nmh

Table 3
7-Chloromethyl 17- 1.51 1.9 0.10
epidrospirenone at 245Time Solution A Solution B
nmi(min) (%) (%)

7-Hydroxymethyl 3,5(6)- 1.55 1.4 0.100 63 37
diene drospirenone at16.0 52 48
245 nmj

23.0 52 48
 Any unspecified impurity — 1.0 0.1031.0 20 80
at 245 nm

39.0 20 80
Total impurities — — 0.3

39.1 63 37
a 17-Hydroxy-7β-hydroxymethyl-15β,16β-methylene-3-oxo-17α-pregn-4-

49.0 63 37 ene-21-carboxylic acid, γ-lactone.
b 5β,17β-Dihydroxy-6β,7β:15β,16β-dimethylene-17α-pregnan-21-carboxylic ac-Chromatographic system
id, γ-lactone.(See Chromatography 〈621〉, System Suitability.)
c 6β,7β:15β,16β-Dimethyleneandrost-4-ene-3,17-dione.Mode:  LC
d 17-Hydroxy-15β,16β-methylene-3-oxo-17α-pregn-4,6-diene-21-carboxylicDetector:  UV 195 nm and 245 nm
acid, γ-lactone.Column:  4.6-mm × 25-cm; 3-µm packing L1
e 17-Hydroxy-6β,7β:15β,16β-dimethylene-3-oxo-17β-pregn-4-ene-21-carboxylicColumn temperature:  35°
acid, γ-lactone; 17-epidrospirenone.Flow rate:  1 mL/min
f 17-Hydroxy-15β,16β-methylene-3-oxo-17α-pregn-4-ene-21-carboxylic acid,Injection size:  10 µL
γ-lactone.System suitability
g 17-Hydroxy-15β-methyl-6β,7β-methylene-3-oxo-17α-pregn-4-ene-21-carbox-Samples:  Standard solution and System suitability solution
ylic acid, γ-lactone.Suitability requirements
h 17-Hydroxy-7β-chloromethyl-15β,16β-methylene-3-oxo-17α-pregn-4-ene-21-Resolution:  NLT 5.0 between drospirenone and drospire-
carboxylic acid, γ-lactone.none related compound A, System suitability solution
i 17-Hydroxy-7β-chloromethyl-15β,16β-methylene-3-oxo-17β-pregn-4-ene-21-Tailing factor:  Between 0.8 and 1.5, Standard solution
carboxylic acid, γ-lactone.Relative standard deviation:  NMT 2.0%, Standard
j 17-Hydroxy-7β-hydroxymethyl-15β,16β-methylene-17α-pregn-3,5(6)-solution
diene-21-carboxylic acid, γ-lactone.Analysis
 Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of ■1S (USP34)
Drospirenone taken:

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

Change to read:rU = peak response of each individual impurity from
the Sample solution

rS = peak response of drospirenone from the Stan- • OPTICAL ROTATION, Specific Rotation 〈781S〉:  −186° to −196°dard solution ■−187° to −193°■1S (USP34) on the anhydrous and solvent-freeCS = concentration of USP Drospirenone RS in the basisStandard solution (µg/mL) Sample solution:  10 mg/mL in methanolCU = concentration of Drospirenone in the Sample so- • MELTING RANGE OR TEMPERATURE, Class 1 〈741〉:  198°–203°lution (µg/mL) [NOTE—Dry over silica gel for not less than 24 h prior toF = relative response factor for each individual im- testing.]purity (see Table 4)
[NOTE—The percentage of hydroxydrospirenone is calcu-
lated at 195 nm.]

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1527

• WATER DETERMINATION, Method I 〈921〉:  NMT 0.2% Standard solution:  0.02 mg/mL of USP Estazolam RS in water
from Standard stock solution

ADDITIONAL REQUIREMENTS Sample stock solution:  0.5 mg/mL of Estazolam in Mobile
• PACKAGING AND STORAGE:  Preserve in tight containers, and phase

store at controlled room temperature. Sample solution:  0.02 mg/mL of Estazolam in water from
Sample stock solution

Chromatographic systemChange to read:
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 254 nm• USP REFERENCE STANDARDS 〈11〉
Column:  4.6-mm × 15-cm; 3-µm packing L11USP Drospirenone RS
Flow rate:  1 mL/min■USP Drospirenone Related Compound A RS
Injection size:  25 µL17-Hydroxy-6β,7β:15β,16β-dimethylene-3-oxo-17β-pregn-4-
Run time:  2.5 times the retention time of the estazolamene-21-carboxylic acid, γ-lactone.
peakC24H30O3 366.49■1S (USP34)

System suitability
Sample:  Standard solution
Suitability requirements

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

Analysis
Samples:  Standard solution and Sample solutionEstazolam.  Because there is no existing USP monograph for
Calculate the percentage of C16H11ClN4 in the portion of Es-this drug substance, a new monograph based on validated
tazolam taken:methods of analysis is proposed. The proposed liquid chromato-

graphic procedure in the Assay is based on analyses performed
Result = (rU/rS) × (CS/CU) × 100with the Hypersil Phenyl brand of L11 column. The typical reten-

tion time for estazolam is about 8.0 min. The liquid chromato- rU = peak response from the Sample solutiongraphic procedure in the test for Organic Impurities is based on rS = peak response from the Standard solutionanalyses performed with the Lichrospher 100 RP-18 brand of L1 CS = concentration of USP Estazolam RS in the Stan-column. The typical retention time for estazolam is about 3.9 dard solution (mg/mL)min. CU = concentration of Estazolam in the Sample solu-
tion (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis
(SM4: H. Ramanathan, R. Ravichandran.) RTS—C79501

IMPURITIES
Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
Organic ImpuritiesAdd the following: • PROCEDURE

Mobile phase:  Acetonitrile, tetrahydrofuran, dioxane, and
water (26:12:12:50)

.

Standard stock solution:  0.05 mg/mL each of of USP Es-▲Estazolam tazolam RS, USP Nordazepam RS, and USP Estazolam Related
Compound A RS in acetonitrile

Standard solution:  1 µg/mL each of of USP Estazolam RS,
USP Nordazepam RS, and USP Estazolam Related Compound
A RS, from Standard stock solution in Mobile phase

Sample solution:  1 mg/mL of Estazolam in Mobile phase
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 254 nm

C16H11ClN4 294.74 Column:  4.0-mm × 25-cm; 5-µm packing L1
4H-[1,2,4]Triazolo[4,3-a][1,4]benzodiazepine, 8-chloro-6-phenyl-; Flow rate:  1 mL/min
8-Chloro-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine Injection size:  20 µL

[29975-16-4]. Run time:  7.5 times the retention time of the estazolam
peak

DEFINITION System suitability
Estazolam contains NLT 98.0% and NMT 102.0% of C16H11ClN4, Sample:  Standard solution

calculated on the dried basis. Suitability requirements
Resolution:  NLT 1.2 between the estazolam related com-IDENTIFICATION pound A and nordazepam peaks• A. INFRARED ABSORPTION 〈197K〉 Tailing factor:  NMT 1.5 for the estazolam peak• B.  The retention time of the major peak of the Sample solution Relative standard deviation:  NMT 2.0% for the estazo-corresponds to that of the Standard solution, as obtained in lam peakthe Assay. Analysis

Samples:  Standard solution and Sample solutionASSAY
Calculate the percentage of any individual impurity in the• PROCEDURE
portion of Estazolam taken:Buffer:  2.8 g/L of potassium phosphate, monobasic in water.

Adjust with 1 N NaOH to a pH of 6.5.
Result = (rU/rS) × (CS/CU) × (1/F) × CF × 100Mobile phase:  Acetonitrile, methanol, and Buffer (10:35:55)

Standard stock solution:  0.5 mg/mL of USP Estazolam RS in rU = peak response of each individual impurity fromMobile phase the Sample solution
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rS = peak response of estazolam from the Standard BRIEFING
solution

CS = concentration of USP Estazolam RS in the Stan-
dard solution (mg/mL) Estazolam Tablets.  Because there is no existing USP mono-CU = concentration of Estazolam in the Sample solu- graph for this drug product, a new monograph based on vali-tion (mg/mL) dated methods of analysis is proposed. The liquid chromato-F = relative response factor (see Impurity Table 1) graphic procedure in the Assay and in the tests for OrganicCF = conversion factor, 0.001 mg/µg Impurities and Dissolution is based on analyses performed withAcceptance criteria the Hypersil BDS Phenyl brand of L11 column. The typical reten-Individual impurities:  See Impurity Table 1. tion time for estazolam is about 7.5 min.

Impurity Table 1

(SM4: H. Ramanathan, R. Ravichandran. BPC: M. Marques.)Relative Relative Acceptance
RTS—C79501Retention Response Criteria,

Name Time Factor NMT (%)
Estazolam 1.0 — —
Estazolam related

1.5 1.4 0.1
compound Aa

Add the following:Nordazepamb 1.6 0.44 0.1
Formamido

2.3 2.7 0.1
chlorobenzophenonec

.

Bischloroacetylbenzo-
2.9 2.3 0.1 ▲Estazolam Tablets

phenoned

Aminochlorobenzo- DEFINITION4.0 1.5 0.1
phenonee

Estazolam Tablets contain an amount of estazolam equivalent to
Chloroacetamido NLT 90.0% and NMT 110.0% of the labeled amount of estazo-4.2 2.2 0.1
chlorobenzophenonef lam (C16H11ClN4).

Any other individual
— 1.0 0.1 IDENTIFICATIONimpurity

• The retention time of the major peak of the Sample solutionTotal impurities — — 0.5
corresponds to that of the Standard solution, as obtained ina 5-Chloro-2-(3-chloromethyl-4H-1,2,4-triazol-4-yl)-benzophenone. the Assay.b 7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one.

c N-(2-Benzoyl-4-chlorophenyl) formamide. ASSAY
d 2-(N-Chloroacetyl-N-chloroacetylhydrazonomethyl)amino-5-chlorobenzophe- • PROCEDURE
none. Buffer:  2.8 g/L of potassium phosphate, monobasic in water.
e (2-Amino-5-chlorophenyl) phenyl-methanone. Adjust to a pH of 6.5 with 1 N NaOH.
f N-(2-Benzoyl-4-chlorophenyl)-2-chloroacetamide. Mobile phase:  Acetonitrile, methanol, and Buffer (10:35:55)

Standard solution:  0.02 mg/mL of USP Estazolam RS in Mo-SPECIFIC TESTS
bile phase• LOSS ON DRYING 〈731〉:  Dry a sample at 105° for 4 h: it loses

Sample solution:  0.02 mg/mL of Estazolam in Mobile phase,NMT 1.0% of its weight.
from NLT 20 finely powdered Tablets. [NOTE—Sonicate for 5
min. Pass a portion through a suitable filter with no glassADDITIONAL REQUIREMENTS
prefilter.]• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-

Chromatographic systemtainers. Store at controlled room temperature.
(See Chromatography 〈621〉, System Suitability.)• USP REFERENCE STANDARDS 〈11〉
Mode:  LCUSP Estazolam RS
Detector:  UV 254 nm4H-[1,2,4]Triazolo[4,3-a][1,4]benzodiazepine, 8-chloro-6-
Column:  4.6-mm × 15-cm; 3-µm packing L11phenyl-.
Flow rate:  1 mL/min8-Chloro-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine.
Injection size:  25 µLC16H11ClN4  294.74
Run time:  2.7 times the retention time of the estazolamUSP Estazolam Related Compound A RS
peak5-Chloro-2-(3-chloromethyl-4H-1,2,4-triazol-4-yl)-

System suitabilitybenzophenone.
Sample:  Standard solutionC16H11Cl2N3O 332.18
Suitability requirements USP Nordazepam RS

Tailing factor:  NMT 2.07-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one.
Relative standard deviation:  NMT 2.0%C15H11ClN2O 270.71▲USP35

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C16H11ClN4 in the portion of Tab-
lets taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Estazolam RS in the Stan-

dard solution (mg/mL)
CU = nominal concentration of estazolam in the Sam-

ple solution (mg/mL)
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Acceptance criteria:  90.0%–110.0% • USP REFERENCE STANDARDS 〈11〉
USP Estazolam RS

PERFORMANCE TESTS 4H-[1,2,4]Triazolo[4,3-a][1,4]benzodiazepine, 8-chloro-6-
• DISSOLUTION 〈711〉 phenyl-.

Medium:  Water; 900 mL, deaerated 8-Chloro-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine.
Apparatus 2:  50 rpm C16H11ClN4  294.74▲USP35
Time:  30 min
Buffer and Mobile phase:  Proceed as directed in the Assay.
Standard stock solution:  0.1 mg/mL of USP Estazolam RS in
methanol BRIEFING

Standard solution:  Dilute the Standard stock solution with Me-
dium to obtain a final concentration of about (L/1000) mg/
mL, where L is the Tablet label claim in mg. Estrone Injection,  USP 32 page 2314. It is proposed to delete

Sample solution:  Pass a portion of the solution under test the monograph for the following reasons: No drug products for-
through a suitable filter of 0.45-µm pore size, discarding the mulated as defined under Estrone Injection are currently mar-
first few mL. keted in the United States. The drug product is currently not

Chromatographic system used in veterinary medicine in the United States.
(See Chromatography 〈621〉, System Suitability.)
Proceed as directed in the Assay, except for the injection size
and run time.

(SM4: D. Vicchio.) RTS—C92534Injection size:  100 µL
Run time:  1.6 times the retention time of estazolam

System suitability:  Proceed as directed in the Assay.
Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of estazolam dissolved: Delete the following:

Result = (rU/rS) × (CS/L) × V × 100
.

rU = peak response of estazolam from the Sample so- ▲Estrone Injectionlution
rS = peak response of estazolam from the Standard DEFINITIONsolution Estrone Injection is a sterile solution of Estrone in a suitable oil. ItCS = concentration of USP Estazolam RS in the Stan- contains NLT 90.0% and NMT 115.0% of the labeled amountdard solution (mg/mL) of C18H22O2.L = Tablet label claim (mg)
V = volume of Medium (mL), 900 IDENTIFICATION

Tolerances:  NLT 80% (Q) of the labeled amount of estazolam • MELTING RANGE OR TEMPERATURE, Class I 〈741〉
is dissolved. Sample solution:  Dissolve the residue obtained in the Assay in

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements sufficient alcohol to obtain a solution containing 500 µg/mL
of estrone.IMPURITIES Analysis:  Transfer to an acetylation flask, and evaporate toOrganic Impurities dryness. Add 10 mg of hydroxylamine hydrochloride, 0.20 mL• PROCEDURE of glacial acetic acid, and 5 mL of alcohol, and reflux for 5 h.Buffer, Mobile phase, Standard solution, and Sample solu- Dilute with 5 mL of water, filter, and recrystallize the precipi-tion:  Proceed as directed in the Assay. tate from hot alcohol.Chromatographic system Acceptance criteria:  Melts between 236° and 242°(See Chromatography 〈621〉, System Suitability.)

Proceed as directed in the Assay, except for the injection size ASSAY
and run time. • PROCEDURE
Injection size:  25 µL for the Standard solution and 50 µL [NOTE—Use only water as a lubricant for the separators used
for the Sample solution in this assay, and complete the assay without interruption

Run time:  4 times the retention time of estazolam other than at the stage of obtaining the dry residue from the
System suitability:  Proceed as directed in the Assay. benzene extract.]
Analysis Sample solution:  An equivalent to 0.4 mg/mL of estrone

Sample:  Sample solution from a volume of Injection in hexane
Calculate the percentage of each impurity in the portion of Analysis:  To 25 mL of Sample solution or NLT twice the vol-
Tablets taken: ume of the Injection taken, add 10 mL of sodium hydroxide

solution (1 in 10), shake vigorously for 2 min, and allow theResult = (rU/rT) × 100 layers to separate completely. Transfer the aqueous layer to a
second 125-mL separator, and repeat the extraction of therU = peak response of each individual impurity from solvent hexane with two additional, successive 10-mL portionsthe Sample solution of the sodium hydroxide solution, adding each extract to therT = sum of the responses of all peaks from the Sam- second separator. Complete the alkaline extraction as quicklyple solution as possible, since long standing in strongly alkaline solutionAcceptance criteria may cause decomposition of the estrone. Wash the combinedAny individual unspecified degradation product:  NMT alkaline extracts with 25 mL of solvent hexane. Using dilute0.5% sulfuric acid (1 in 2), acidify the combined alkaline extractsTotal impurities:  NMT 1.0% until acid to litmus. Cool thoroughly, add 25 mL of benzene,
shake carefully for 1 min, and allow the layers to separate.ADDITIONAL REQUIREMENTS
Transfer the acid layer to another 125-mL separator, and ex-• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-
tract with a second 25-mL portion of benzene. Discard thetainers. Store at controlled room temperature
acid layer. Extract the benzene layers with two 5-mL portions
of sodium carbonate TS and two 5-mL portions of water. Dis-
card the aqueous layers. Transfer the benzene solutions to a
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beaker with the aid of benzene, and evaporate on a steam IDENTIFICATION
bath with the aid of a current of air to dryness. • The retention time of the major peak from the Sample solution
Dissolve the residue from the benzene extract in a small quan- corresponds to that of the Standard solution, as obtained in
tity of chloroform, warming, if necessary, and completely the Assay.
transfer the solution, with the aid of a few mL of chloroform,

ASSAYto a 20- × 150-mm test tube. Carefully evaporate the chloro-
form on a steam bath with the aid of a current of air. Add
100 mg of trimethylacethydrazide ammonium chloride and Change to read:
500 µL of glacial acetic acid to the test tube, insert the stop-
per loosely, and heat in a boiling water bath for 5 min. Cool
the reaction mixture in an ice bath, dissolve in a small vol- • PROCEDURE
ume of cold water, and completely transfer, with the aid of a Buffer:  0.82 mg/mL▲0.82 g/L▲USP35 of sodium acetate in water.
small volume of water, to a 125-mL separator containing 25 Adjust with 1 N acetic acid solution to a pH of 5.0.
mL of cold water. Neutralize the solution to litmus with 1 N Diluent:  Methanol and Buffer (20:80)
sodium hydroxide (6 mL), and wash at once with three 15- Solution A:  Methanol and Buffer (5:95)
mL portions of chloroform. Combine the chloroform wash- Solution B:  Acetonitrile and methanol (60:40)
ings in another separator, and wash them with 5 mL of Mobile phase:  See Table 1 below.
water. Discard the chloroform, and add the wash water to
the first separator. Add 2 mL of dilute sulfuric acid (1 in 2), Table 1and allow to remain at room temperature for 2 h. Add 15

Time Solution A Solution BmL of chloroform, shake vigorously for 1 min, and allow the
(min) (%) (%)layers to separate. Transfer the chloroform layer to another

separator, and repeat the extraction of the water layer with 0 80 20
three additional, successive 15-mL portions of chloroform. 9 80 20
Wash the combined chloroform extracts with 5 mL of water, 15 15 85
filter through chloroform-washed cotton into a beaker, evap-

18 80 20orate to a small volume, and transfer completely, with the
25 80 20aid of several small portions of chloroform, to a tared 25-mL

beaker. Evaporate on a steam bath with the aid of a current System suitability solution:  0.04 mg/mL each of benzyl alco-of air to dryness, and dry the residue of estrone in a vacuum hol and USP Fluconazole RS in Diluentdesiccator to constant weight: the weight of the residue, cor- Standard solution:  0.2 mg/mL of USP Fluconazole RS inrected for the residue of a reagent blank similarly prepared, Diluentindicates the amount of C18H22O2 in the volume of Injection Sample solution:  Equivalent to 0.2 mg/mL of fluconazoletaken. from Injection in DiluentAcceptance criteria:  90.0%–115.0% Chromatographic system
(See Chromatography 〈621〉, System Suitability.)SPECIFIC TESTS
Mode:  LC• INJECTIONS 〈1〉:  It meets the requirements.
Detector:  UV 261 nm

ADDITIONAL REQUIREMENTS Column:  4.0-mm × 10-cm; 3-µm packing L1
• PACKAGING AND STORAGE:  Preserve in single-dose or in multi- Flow rate:  1 mL/min

ple-dose containers, preferably of Type I glass.▲USP35 Injection size:  100 µL
System suitability
Samples:  System suitability solution and Standard solution
[NOTE—The relative retention times for benzyl alcohol and

BRIEFING fluconazole are about 0.8 and 1.0, respectively, from the
System suitability solution.]

Suitability requirements
Resolution:  NLT 1.8 between benzyl alcohol and Fluconazole Injection,   USP 33 Reissue page R-903. In line
fluconazole, System suitability solutionwith USP’s Flexible Monograph policy, it is proposed to add a

Column efficiency:  NLT 4000 theoretical plates for thenew procedure in the test for Organic Impurities. Procedure 4 was
fluconazole peak, System suitability solutionvalidated with a Waters Symmetry C8, brand of L7 column. The

Tailing factor:  NMT 1.5 for the fluconazole peak, Systemretention time of fluconazole under the specified conditions is
suitability solutionabout 12 min. The impurities in Table 3 and Table 4 have been

Relative standard deviation:  NMT 2.0%, Standard solutionidentified by nicknames rather than letter designations. On the
Analysisbasis of additional information received, the source of impurities
Samples:  Standard solution and Sample solutiondetected using Procedure 2 is also identified. This information is
Calculate the percentage of fluconazole (C13H12F2N6O) in theneeded for this procedure in order to exclude from calculation
portion of Injection taken:those process impurities already monitored in the drug sub-

stance. Furthermore, the matrix for the Sample solution in Proce-
Result = (rU/rS) × (CS/CU) × 100dure 3 has been identified.

rU = peak response from the Sample solution
rS = peak response from the Standard solution

(SM1: B. Davani.) RTS—C86606; C79155 CS = concentration of the Standard solution (mg/mL)
CU = nominal concentration of fluconazole in the

Sample solution (mg/mL)

.

Fluconazole Injection

DEFINITION
Fluconazole Injection is a sterile solution of Fluconazole in a suita-

ble vehicle. It contains NLT 90.0% and NMT 110.0% of the
labeled amount of fluconazole (C13H12F2N6O).
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Acceptance criteria:  90.0%–110.0% an excipient or any peak less than 0.02%. This test is for
determination of the late-eluting peaks, and hence the

IMPURITIES early-eluting peaks are not quantitated using this
procedure.]

Calculate the percentage of the largest unknown nonpolarChange to read:
impurity in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100Organic Impurities
■[NOTE—On the basis of the synthetic route, perform either (a)

rU = peak response of the largest impurity from theProcedure 1 and Procedure 2 or (b) Procedure 3. Procedure 3 is
Sample solutionrecommended if Impurity G (see Impurity Table 2) is a potential

rS = peak response from the Standard solutionrelated compound.]■1S (USP33)
CS = concentration of fluconazole in the Standard so-▲[NOTE—On the basis of the synthetic route, perform either (a)

lution (mg/mL)Procedure 1 and Procedure 2 or (b) Procedure 3 or (c) Procedure
CU = concentration of fluconazole, based on the label4. Procedure 3 is recommended if bistriazole ketone and epox-

claim and the extent of dilution, in the Sampleyfluconazole (see Table 4) are potential impurities. Procedure 4
solution (mg/mL)is recommended if fluconazole bromohydrine and epox-

Calculate the percentage of unknown nonpolar impurities inyfluconazole (see Table 5) are potential impurities.]▲USP35
the portion of Injection taken:• PROCEDURE 1: FOR NONPOLAR IMPURITIES

Buffer and Diluent:  Prepare as directed in the Assay. Result = (rU/rS) × (CS/CU) × 100Solution A:  Methanol and Buffer  (5:95)
Solution B:  Acetonitrile and methanol (60:40) rU = sum of the peak areas of the unknown peaksMobile phase:  See Table 2 below. from the Sample solution

rS = peak response from the Standard solution
Table 2 CS = concentration of the Standard solution (mg/mL)

CU = concentration of fluconazole, based on the labelTime Solution A Solution B
claim and the extent of dilution, in the Sample(min) (%) (%)
solution (mg/mL)

0 77 23 Acceptance criteria
5 77 23 Largest unknown nonpolar impurity:  NMT 0.1%
30 40 60 Total unknown nonpolar impurities:  NMT 0.5%
43 77 23 • PROCEDURE 2: FOR POLAR IMPURITIES

Buffer, Diluent, Mobile phase, System suitability solution,50 77 23
and Chromatographic system:  Prepare as directed in the

System suitability solution:  2.4 µg/mL and 20 µg/mL, re- Assay.
spectively of 1,4-benzoquinone and USP Fluconazole RS in Standard solution:  2 µg/mL of USP Fluconazole RS in Diluent
Diluent Diluted standard solution:  0.2 µg/mL of USP Fluconazole RS

Standard solution:  2 µg/mL of USP Fluconazole RS in Diluent in Diluent from the Standard solution
Diluted standard solution:  0.2 µg/mL of USP Fluconazole RS Sample solution:  Equivalent to 0.2 mg/mL of fluconazole
in Diluent from the Standard solution from Injection in Diluent

Sample solution:  Equivalent to 1.0 mg/mL of fluconazole System suitability
from Injection in Diluent Samples:  System suitability solution, Standard solution, and

Chromatographic system Diluted standard solution
(See Chromatography 〈621〉, System Suitability.) [NOTE—The relative retention times for benzyl alcohol and
Mode:  LC fluconazole are about 0.8 and 1.0, respectively, System
Detector:  UV 261 nm suitability solution.]
Column:  4.0-mm × 10-cm; 3-µm packing L1 Suitability requirements
Flow rate:  1 mL/min Resolution:  NLT 1.8 between benzyl alcohol and
Injection size:  100 µL fluconazole, System suitability solution

System suitability Column efficiency:  NLT 4000 theoretical plates for the
Samples:  System suitability solution, Standard solution, and fluconazole peak, System suitability solution
the Diluted standard solution Tailing factor:  NMT 1.5 for the fluconazole peak, System
[NOTE—The relative retention times for 1,4-benzoquinone suitability solution
and fluconazole are about 0.5 and 1.0, respectively, Sys- Relative standard deviation:  NMT 5.0%, Standard
tem suitability solution.] solution

Suitability requirements Ratio of average peak area:  Between 8.0 and 12.0 for
Resolution:  NLT 5.0 between 1,4-benzoquinone and the ratio of the fluconazole peak from the Standard solu-
fluconazole, System suitability solution tion to that of the  Diluted standard solution

Column efficiency:  NLT 2500 theoretical plates for the Analysis
fluconazole peak, System suitability solution Samples:  Standard solution and Sample solution

Tailing factor:  NMT 1.5 for the fluconazole peak, System [NOTE—The relative retention times of known related com-
suitability solution pounds versus fluconazole are included in Table 3.]

Relative standard deviation:  NMT 5.0%, Standard Calculate the percentage of the single largest unknown po-
solution lar impurity in the portion of Injection taken:

Ratio of average peak area:  Between 8.0 and 12.0 for
Result = (rU/rS) × (CS/CU) × 100the ratio of the fluconazole peak from the Standard solu-

tion to that of the Diluted standard solution
rU = peak response of the largest impurity from theAnalysis

Sample solutionSamples:  Standard solution and Sample solution
rS = peak response from the Standard solution[NOTE—For the following calculations, do not include peaks
CS = concentration of fluconazole in the Standard so-eluting before fluconazole and do not include impurities

lution (mg/mL)at relative retention times of 2.00 to 2.12 and 3.14 to
CU = concentration of fluconazole, based on the label3.26. The disregarded impurities at the specified relative

claim and the extent of dilution, in the Sampleretention times are process impurities monitored in the
solution (mg/mL)drug substance. Furthermore, disregard any peak due to
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Calculate the quantity, as a percentage, of the unknown Mobile phase:  Acetonitrile and Buffer (14:86)
polar impurities in the portion of Injection taken: Standard solution:  2 mg/mL of USP Fluconazole RS in Buffer.

[NOTE—Use approximately 14% of the total volume as
Result = (rU/rS) × (CS/CU) × 100 acetonitrile and sonicate, if necessary, to facilitate

dissolution.]
rU = total peak area response of all the unknown Sensitivity solution:  1 µg/mL of USP Fluconazole RS in Mo-

peaks from the Sample solution bile phase from the Standard solution
rS = peak response from the Standard solution Sample solution:  Use the Injection.▲Equivalent to 2 mg/mL
CS = concentration of fluconazole in the Standard so- of fluconazole in 0.9% aqueous solution of sodium

lution (mg/mL) chloride▲USP35
CU = concentration of fluconazole, based on the label Chromatographic system

claim and the extent of dilution, in the Sample (See Chromatography 〈621〉, System Suitability.)
solution (mg/mL) Mode:  LC

Acceptance criteria Detector:  UV 260 nm
Largest unknown polar impurity:  NMT 0.1% Column:  4.6-mm × 15-cm; 3.5-µm packing L1
Total unknown polar impurities:  NMT 0.5% Column temperature:  30°
■Total unknown polar and nonpolar impurities:  NMT Flow rate:  1 mL/min
1.0% (sum of results from Procedure 1 and Procedure Injection size:  20 µL
2)■1S (USP33) System suitability

[NOTE—Disregard any peak due to an excipient or any peak Samples:  Standard solution and Sensitivity solution
less than 0.03%.] [NOTE—The retention time for fluconazole is between 12

and 14 min.]
Suitability requirementsImpurity Table 1
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Relative Column efficiency:  NLT 3000 theoretical plates, Standard
Retention solution

Name Time Tailing factor:  NMT 2.0, Standard solution
Impurity A (if dextrose is present)a 0.22–0.28 Relative standard deviation:  NMT 2%, Standard solution
Impurity Bb 0.30–0.36 Analysis

Samples:  Standard solution and Sample solutionImpurity C (if dextrose is present)c 0.37–0.43
Calculate the percentage of each impurity in the portion ofImpurity Dd 0.47–0.59
Injection taken:Impurity Ee 0.68–0.74

Impurity Ff 0.77–0.83 Result = (rU/rS) × (CS/CU) × 100
 a 5-Hydroxymethylfurfural.
b 4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1- rU = peak response of each impurity from the Sample
yl)propyl)-4H-1,2,4-triazolium bromide. solution
c Dextrose-related compound. rS = peak response of fluconazole from the Standard
d 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4- solution
yl)propan-2-ol. CS = concentration of fluconazole in the Standard so-
e 2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol. lution (mg/mL)
f Cyclohexanone. CU = concentration of fluconazole, based on the label

claim, in the Sample solution (mg/mL)
▲Table 3 Acceptance criteria

Individual impurities:  See Table 4.Relative
Total impurities:  NMT 0.5% Retention

Name Time
Hydroxymethylfurfural (if dextrose is 0.22–0.28 Impurity Table 2
present)a

Relative AcceptanceAminofluconazole quaternary saltb 0.30–0.36
Retention Criteria,

Unidentified impurity (if dextrose is 0.37–0.43
Name Time NMT (%)

present)c

Impurity Ga 0.13 0.2
Fluconazole isomerd 0.47–0.59

Impurity Db 0.5 0.2
Fluconazole diole 0.68–0.74

 a 1,3-bis(1H-1,2,4-Triazol-1-yl)propan-2-one.Cyclohexanonef 0.77–0.83
b 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-

Fluconazole 1.0
yl)propan-2-ol.

a 5-Hydroxymethylfurfural. c 1-[2-(2,4-difluorophenyl)-2,3 epoxypropyl]-1H-1-2,4-triazole
b 4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-
yl)propyl)-4H-1,2,4-triazolium bromide.
c Dextrose-related compound.
d 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-
yl)propan-2-ol.
e 2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
f A process impurity associated with drug product packaged in bags. 

[NOTE—Disregard aminofluconazole quaternary salt, fluconazole
isomer, and fluconazole diol impurities from Table 3 in the follow-
ing calculation because these are process impurities that are
monitored in the drug substance.]▲USP35
■• PROCEDURE 3

Buffer:  0.63 mg/mL▲0.63 g/L▲USP35 of ammonium formate in
water
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Impurity Table 2 (Continued) Acceptance criteria
Individual impurities:  See Table 5.

Relative Acceptance Total impurities:  NMT 0.5%
Retention Criteria,

Name Time NMT (%)
Table 5

Impurity Hc 2.6 0.2
Any other — 0.2 Relative  Relative Acceptance
 impurity Retention Response Criteria,

Name Time Factor NMT (%) a 1,3-bis(1H-1,2,4-Triazol-1-yl)propan-2-one.
b 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4- Aminofluconazole quater- 0.57 0.74 0.1
yl)propan-2-ol. nary salta

c 1-[2-(2,4-difluorophenyl)-2,3 epoxypropyl]-1H-1-2,4-triazole Fluconazole isomerb 0.68 0.93 0.1
Fluconazole diolc 0.91 1.3 0.1▲Table 4
Fluconazole 1.0 1.0 —

Relative Acceptance Fluconazole bromohydrined 2.58 1.1 0.1
Retention Criteria,

Epoxyfluconazolee 2.59 0.90 0.1Name Time NMT (%)
Any other individual impu- — 1.0 0.1Bistriazole ketonea 0.13 0.2
rity

Fluconazole isomerb 0.5 0.2
a 4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-

Fluconazole 1.0 — yl)propyl)-4H-1,2,4-triazol-1-ium bromide.
Epoxyfluconazolec 2.6 0.2 b 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-
Any other individual impurity — 0.2 yl)propan-2-ol.

c 2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.a 1,3-bis(1H-1,2,4-Triazol-1-yl)propan-2-one.
d 1-Bromo-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol.b 2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-
e 1-[2-(2,4-difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.yl)propan-2-ol.
 c 1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.

 
▲USP35

▲USP35
SPECIFIC TESTS

■1S (USP33) • STERILITY TESTS 〈71〉:  Meets the requirement▲Procedure 4
• BACTERIAL ENDOTOXINS TEST 〈85〉:  NMT 0.416 USP EndotoxinBuffer:  13.4 g/L of dibasic sodium phosphate, heptahydrate

Unit/mg of fluconazolein water. Adust with phosphoric acid to a pH of 7.0.
• OTHER REQUIREMENTS:  Meets the requirements under InjectionsMobile phase:  Acetonitrile and Buffer (26:74)

〈1〉Standard solution:  2 mg/mL of USP Fluconazole RS in Mo-
bile phase ADDITIONAL REQUIREMENTSSample solution:  Equivalent to 2 mg/mL of fluconazole in • PACKAGING AND STORAGE:  Store at controlled room0.9% aqueous solution of sodium chloride. temperature.Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC Change to read:
Detector:  UV 260 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

• LABELING:  Label to indicate the vehicle used. ■If a test for Or-Flow rate:  0.5 mL/min
ganic Impurities other than Procedure 1 and Procedure 2 is used,Injection size:  50 µL
then the labeling states with which Organic Impurities test theSystem suitability
article complies.■1S (USP33)Sample:  Standard solution

• USP REFERENCE STANDARDS 〈11〉Suitability requirements
USP Endotoxin RSTailing factor:  NMT 2.0
USP Fluconazole RSRelative standard deviation:  NMT 2.0%

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of

BRIEFINGInjection taken:

Result = (rU/rS) × (CS/CU) × 100
Hydrocortisone Acetate,  USP 32 page 2577. On the basis of

rU = peak response of each impurity from the Sample comments and data received showing the specific rotation re-
solution sults for pure Hydrocortisone Acetate near the upper specified

rS = peak response of fluconazole from the Standard limit, it is proposed to revise the specific rotation test to match
solution the test and limits in the European Pharmacopoeia, version 6.8.

CS = concentration of fluconazole in the Standard so- The following revisions are proposed:
lution (mg/mL) 1.  Change the sample concentration from 5 mg/mL to 10 

CU = concentration of fluconazole, based on the label mg/mL.
claim, in the Sample solution (mg/mL) 2.  Specify 20° as the sample temperature.

3.  Change the specific rotation limits from between +158°
and +165° to between +158° and +167°.

Additionally, it is proposed to add the structure of Hydrocortisone
Acetate to the monograph.

(SM4: D. Vicchio.) RTS—C92114
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. Acceptance criteria:  97.0%–102.0% on the dried basis
Hydrocortisone Acetate IMPURITIES

Inorganic Impurities
• RESIDUE ON IGNITION 〈281〉

Change to read: Sample:  100 mg
Acceptance criteria:  Negligible

Organic Impurities
C23H32O6 404.50 • PROCEDURE

Solution A:  Acetonitrile and water (20:80)
▲ Solution B:  Acetonitrile and water (70:30)

Mobile phase:  Use variable mixtures of Solution A and Solu-
tion B as directed in Table 1.

Table 1

Time Solution A Solution B
(min) (%) (%)

0 90 10▲USP35

Pregn-4-ene-3,20-dione, 21-(acetyloxy)-11,17-dihydroxy-, (11β)-; 5 90 10
Cortisol 21-acetate [50-03-3]. 25 10 90

30 10 90DEFINITION
35 90 10Hydrocortisone Acetate contains NLT 97.0% and NMT 102.0% of

C23H32O6, calculated on the dried basis. 40 90 10

IDENTIFICATION Diluent:  Acetonitrile, glacial acetic acid, and water
• A. INFRARED ABSORPTION 〈197M〉 (700:1:300)
• B. ULTRAVIOLET ABSORPTION 〈197U〉 Standard solution:  5 µg/mL of USP Hydrocortisone Acetate

Sample solution:  10 µg/mL in methanol RS in Diluent
Analytical wavelength:  242 nm Sample solution:  1 mg/mL of Hydrocortisone Acetate in
Acceptance criteria:  Absorptivities, calculated on the dried Diluent
basis, do not differ by more than 2.5%. Chromatographic system

(See Chromatography 〈621〉, System Suitability.)
ASSAY Mode:  LC
• PROCEDURE Detector:  UV 254 nm

Mobile phase:  Butyl chloride, water-saturated butyl chloride, Column:  4.6-mm × 15-cm; 3-µm packing L1
tetrahydrofuran, methanol, and glacial acetic acid Flow rate:  1 mL/min
(475:475:70:35:30) Injection size:  10 µL

Standard solution:  0.10 mg/mL of USP Hydrocortisone Ace- System suitability
tate RS in Mobile phase Sample:  Standard solution

Sample solution:  0.10 mg/mL of Hydrocortisone Acetate in Suitability requirements
Mobile phase Relative standard deviation:  NMT 5.0%

Chromatographic system Analysis
(See Chromatography 〈621〉, System Suitability.) Samples:  Standard solution and Sample solution
Mode:  LC Calculate the percentage of each impurity in the portion of
Detector:  UV 254 nm Hydrocortisone Acetate taken:
Column:  4.0-mm × 30-cm; 10-µm packing L3
Flow rate:  1 mL/min Result = (rU/rS) × (CS/CU) × 100
Injection size:  10 µL

System suitability rU = peak response of each impurity from the Sample
Sample:  Standard solution solution
Suitability requirements rS = peak response from the Standard solution

Tailing factor:  NMT 2.0 CS = concentration of USP Hydrocortisone Acetate RS
Relative standard deviation:  NMT 2.0% in the Standard solution (mg/mL)

Analysis CU = concentration of Hydrocortisone Acetate in the
Samples:  Standard solution and Sample solution Sample solution (mg/mL)
Calculate the percentage of C23H32O6 in the portion of Hydro- Acceptance criteria
cortisone Acetate taken: Individual impurities:  NMT 1.0%

Total impurities:  NMT 2.0%
Result = (rU/rS) × (CS/CU) × 100

SPECIFIC TESTS
rU = peak response of hydrocortisone acetate from the

Sample solution
Change to read:rS = peak response of hydrocortisone acetate from the

Standard solution
CS = concentration of USP Hydrocortisone Acetate RS • OPTICAL ROTATION, Specific Rotation 〈781S〉

in the Standard solution (mg/mL) Sample solution:  5 mg/mL▲10 mg/mL▲USP35 in dioxane
CU = concentration of Hydrocortisone Acetate in the Acceptance criteria:  Between +158° and +165°▲+167° at

Sample solution (mg/mL) 20°▲USP35

• LOSS ON DRYING 〈731〉:  Dry a sample in a vacuum at 60° for 3
h: it loses NMT 1.0% of its weight.
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ADDITIONAL REQUIREMENTS Time Solution A Solution B
• PACKAGING AND STORAGE:  Preserve in well-closed containers. (min) (%) (%) 
• USP REFERENCE STANDARDS 〈11〉 65 0 100

USP Hydrocortisone Acetate RS
70 0 100Pregn-4-ene-3,20-dione, 21-(acetyloxy)-11,17-dihydroxy-,

(11β)-. Sample solution:  Prepare a 2.0 mg/mL solution of the sub-
C23H32O6 404.50 stance to be examined in 0.01 M hydrochloric acid and trans-

fer 25 µL of this solution to a clean tube. Add 100 µL of pH
7.5 HEPES buffer solution and 20 µL of a 1 mg/mL Staphylo-
coccus aureus strain V8 protease. Cap the tube and incubateBRIEFING at 25° for 6 h. Stop the reaction by adding 145 µL of pH 2.0
sulfate buffer solution.

Standard solution:  Prepare at the same time and in the same
Insulin Aspart.  Because there is no existing USP monograph manner as directed for the Sample solution, but using USP
for this drug substance, a new monograph is being proposed. Insulin Aspart RS instead of the substance to be examined.

Chromatographic system
(See Chromatography, 〈621〉 System Suitability.)
Mode:  LC(BIO1: T. Sigambris.) RTS—C89030
Detector:  UV 214 nm
Column:  4.0-mm × 25-cm; 5-µm packing L7
Column temperature:  40°
Flow rate:  1 mL/min
Injection size:  100 µL

Add the following: System suitability
Sample:  Standard solution
Suitability requirements:  In the chromatogram obtained

.

from the Standard solution, identify the peaks due to digest▲Insulin Aspart fragments I, II, and III.
Tailing factor:  NMT 1.5 for the peaks due to fragments II
and III

Resolution:  NLT 8.0 between the peaks due to fragments
II and III 

Analysis
28B-L-Aspartic acid-insulin (human) Samples:  Sample solution and Standard solution

[NOTE—Condition the Chromatographic system by running atC256H381N65O79S6 5826 daltons
initial conditions, t=0 min, for at least 15 min. Carry out a [116094-23-6].
blank gradient program before injecting the digests. Sepa-

DEFINITION rately inject the Standard solution and the Sample solution,
Insulin Aspart is a 2-chain peptide containing 51 amino acids. and record the responses of each peak. The retention times

The A-chain is composed of 21 amino acids and the B-chain is of fragments I, II, and IV are the same as for Human Insulin.
composed of 30 amino acids. It is identical in primary structure The retention time of fragment III differs from Human Insu-
to human insulin, except that it has an aspartic acid instead of lin due to the substitution of proline by aspartic acid.]
proline at position 28 of the B-chain. As in human insulin, insu- Acceptance criteria:  The chromatographic profile of the Sam-
lin aspart contains 2 interchain disulfide bonds and 1 intrachain ple solution corresponds to that of the Standard solution.
disulfide bond.

ASSAYInsulin aspart is produced by microbial synthesis via a recombi-
• PROCEDUREnant DNA process. The content of insulin aspart is NLT 90.0%

Solution A:  Dissolve 142.0 g of anhydrous sodium sulfate inand NMT 104.0% of insulin aspart (C256H381N65O79S6) plus
water, add 13.5 mL of phosphoric acid, and dilute with waterA21Asp insulin aspart, B3Asp insulin aspart, B3isoAsp insulin as-
to 5000 mL. Adjust, if necessary, with strong sodium hydrox-part, and B28isoAsp insulin aspart, on the dried basis. The host
ide solution to a pH of 3.6, and mix 9 volumes of this solutioncell-derived protein content is below the limit approved by the
with 1 volume of acetonitrile.competent authority. The content of single-chain precursor is

Solution B:  Mix equal volumes of water and acetonitrile.determined by a suitably sensitive method and is below the
Mobile phase:  See the gradient table below.limit approved by the competent authority.

[NOTE—One USP Insulin Aspart Unit is equivalent to 0.0350 mg
of pure insulin aspart.] Time Solution A Solution B

(min) (%) (%) IDENTIFICATION
0 58 42• A.  The retention time of the major peak of the Sample solution

35 58 42corresponds to that of the Standard solution, as obtained in
the Assay. 40 20 80

• B. PEPTIDE MAPPING 45 20 80
(See Biotechnology-Derived Articles—Peptide Mapping 〈1055〉.) 46 58 42Solution A:  Mix 200 mL of pH 2.0 sulfate buffer solution, 700

60 58 42mL of water, and 100 mL of acetonitrile.
Solution B:  Mix 200 mL of pH 2.0 sulfate buffer solution, 400 [NOTE—Adjust the Mobile phase composition and the duration ofmL of water, and 400 mL of acetonitrile. the isocratic elution to obtain a retention time of about 22 minMobile phase:  See the gradient table below. for the insulin aspart and to ensure that B3isoAsp insulin aspart is

eluted before the gradient starts.]
Standard solution:  Dissolve the contents of a vial of USP Insu-Time Solution A Solution B
lin Aspart RS in 0.01 M hydrochloric acid to obtain a concen-(min) (%) (%) 
tration of 4.0 mg/mL (as-is). Maintain the solution at 2°–8°.0 90 10

Sample solution:  Dissolve the substance to be examined in60 30 70 0.01 M hydrochloric acid to obtain a concentration of 4.0 mg
/mL (as-is). Maintain the solution at 2°–8°.
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Resolution solution:  Use an appropriate solution with a con- Total of other impurities:  NMT 1.5%
tent of B3Asp Insulin Aspart and A21Asp Insulin Aspart of NLT • PROCEDURE 2: LIMIT OF HIGH MOLECULAR WEIGHT PROTEINS
1.0%. This may be achieved by storing the Standard solution Arginine solution:  1 mg/mL of L-arginine in water
at room temperature for about 1–3 days. Mobile phase:  Prepare a filtered and degassed mixture of

Chromatographic system Arginine solution, acetonitrile, and glacial acetic acid
(See Chromatography 〈621〉, System Suitability.) (65:20:15).
Mode:  LC Resolution solution:  Dissolve 4 mg of insulin containing
Detector:  UV 214 nm more than 0.4% high molecular weight proteins in 1 mL of
Column:  4.0-mm × 25.0-cm; 5-µm packing L1 0.01 N hydrochloric acid. Store this solution in a refrigerator,
Column temperature:  40° and use within 7 days. [NOTE—Insulin containing the indi-
Flow rate:  1 mL/min cated percentage of high molecular weight proteins may be
Injection size:  10 µL prepared by allowing the insulin to stand at room tempera-

System suitability ture for about 5 days.]
Samples:  Standard solution and Resolution solution Standard solution:  0.3 mg/mL of USP Filgrastim RS in water
[NOTE—The relative retention times for B28isoAsp insulin as- Sample solution:  Transfer about 4 mg of insulin to a small
part, B3Asp insulin aspart plus A21Asp insulin aspart (gener- vial, add 1 mL of 0.01 N hydrochloric acid, and mix to dis-
ally coelute), and B3isoAsp insulin aspart are 0.9, 1.3, and solve. Store in a refrigerator, and use within 7 days.
1.5 min, respectively.] Chromatographic system

Suitability requirements (See Chromatography 〈621〉, System Suitability.)
Relative standard deviation:  NMT 1.4% for five replicate Mode:  LC
injections, Standard solution Detector:  UV 276 nm

Resolution:  NLT 2.0 between the peak due to insulin as- Column:  7.8-mm × 30-cm; packing L20
part and the peak due to A21Asp insulin aspart and to Column temperature:  Ambient
B3Asp insulin aspart, Resolution solution Flow rate:  0.5 mL/min

Tailing Factor:  NMT 1.5 for the insulin aspart peak, Resolu- Injection size:  100 µL
tion solution System suitability

Analysis Sample:  Resolution solution
Samples:  Standard solution and Sample solution [NOTE—The retention times are between 13 and 17 min for
Calculate the content (percentage) of insulin aspart the polymeric insulin complexes, about 17.5 min for the
(C256H381N65O79S6), plus B28isoAsp insulin aspart, A21Asp in- covalent insulin dimer, and between 18 and 22 min for
sulin aspart, B3Asp insulin aspart, and B3isoAsp insulin as- the insulin monomer, with salts eluting after the insulin
part using the areas of the corresponding peaks in the chro- monomer.]
matograms obtained with the Sample solution and the Suitability requirements
Standard solution and the declared content of insulin aspart Resolution:  The ratio of the height of the covalent insulin
plus B28isoAsp insulin aspart, A21Asp insulin aspart, B3Asp dimer peak to the height of the valley between the cova-
insulin aspart, and B3isoAsp insulin aspart in the USP Insulin lent insulin dimer peak and the insulin monomer peak is
Aspart RS taken: NLT 2.0.

Analysis
Result = (rIA(U) + rB28(U) + rA21(U) + rB3(U) + rB3iso(U))/(rIA(S) + rB28(S) + Sample:  Sample solution

rA21(S) + rB3(S) + rB3iso(S)) × (CS/CU) × 100 Inject 100 µL of the Sample solution into the chromato-
graph, record the chromatogram, and measure the areas

rIA(U) = peak response for insulin aspart from the Sample of the peak responses, disgarding any peaks having reten-
solution tion times greater than that of the insulin monomer. Cal-

rB28(U) = peak response for B28isoAsp from the Sample culate the percentage of high molecular weight proteins in
solution the portion of Insulin Aspart taken:

rA21(U) = peak response for A21Asp from the Sample solu-
tion Result = ΣrH/(ΣrH+ rM) × 100

rB3(U) = peak response for B3Asp from the Sample solu-
tion rH = sum of the peak responses for all peaks having

rB3iso(U) = peak response for B3isoAsp from the Sample so- retention times less than that of the insulin
lution monomer

rIA(S) = peak response for insulin aspart from the Stan- rM = peak response of the insulin monomer
dard solution Acceptance criteria:  NMT 1.0% is found

rB28(S) = peak response for B28isoAsp from the Standard
SPECIFIC TESTSsolution
• INSULIN ASSAYS, Bioidentity Test 〈121〉:  Meets the requirementsrA21(S) = peak response for A21Asp from the Standard so-
• BACTERIAL ENDOTOXIN TEST 〈85〉:  It contains NMT 10 USP En-lution

dotoxin Units/mg of Insulin Aspart.rB3(S) = peak response for B3Asp from the Standard solu-
• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-tion

CROORGANISMS 〈62〉:  The total aerobic count does not exceedrB3iso(S) = peak response for B3isoAsp from the Standard
300 cfu/g, the test being performed on a portion of aboutsolution
0.2 g.CS = concentration of the Standard solution

• LOSS ON DRYING 〈731〉:  Dry about 200 mg of the sample: itCU = concentration of the Sample solution
loses NMT 10.0% of its weight.Acceptance criteria:  NLT 90.0% and NMT 104.0% on the

dried basis ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:   Preserve in tight containers, pro-IMPURITIES

tected from light, and store in a freezer.Organic Impurities
• LABELING:  Label it to indicate that it has been prepared by• PROCEDURE 1: RELATED PROTEINS

microbial synthesis.Mobile phase, Standard solution, Sample solution, Chro-
• USP REFERENCE STANDARD 〈11〉matographic system, and System suitability:  Proceed as

USP Endotoxin RSdirected in the Assay using the normalization procedure.
USP Insulin Aspart RSAcceptance criteria:  B28isoAsp insulin aspart: NMT 1.0%;
28B-L-Aspartic acid-insulin (human).Total of the peaks due to A21Asp insulin aspart, B3Asp insulin
C256H381N65O79S6  5826 daltons▲USP35aspart, and B3isoAsp insulin aspart: NMT 2.0%
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Mode:  LCBRIEFING
Detector:  UV 214 nm
Column:  4.0-mm × 25.0-cm; 5-µm packing L1
Column temperature:  35°Insulin Aspart Subcutaneous Injection.  Because there is no Flow rate:  1 mL/minexisting USP monograph for this drug product, a new mono- Injection size:  10 µLgraph is being proposed. System suitability
Samples:  Standard solution and Resolution solution
[NOTE—The relative retention times for B28isoAsp insulin as-

(BIO1: T. Sigambris.) RTS—C89031 part, B3Asp insulin aspart plus A21Asp insulin aspart (gener-
ally coelute), and B3isoAsp insulin aspart are 0.9, 1.3, and
1.5 min, respectively.]

Suitability requirements
Relative standard deviation:  NMT 1.4% for five replicate
injections, Standard solutionAdd the following:

Resolution:  NLT 1.6 between the peak due to insulin as-
part and the peak due to A21Asp insulin aspart and B3Asp
insulin aspart, Resolution solution

.

Analysis▲Insulin Aspart Subcutaneous Injection
Samples:  Standard solution and Sample solution
Calculate the potency, in USP Insulin Aspart Units, in eachDEFINITION mL of the Insulin Aspart Injection taken:Insulin Aspart Subcutaneous Injection is an isotonic, sterile solu-

tion of Insulin Aspart in Water for Injection. It has a potency of Result = CS × D × rU/rSNLT 95% and NMT 105% of the potency stated on the label,
expressed in USP Insulin Aspart Units/mL. CS = concentration of insulin aspart in the Standard

solution (USP Insulin Aspart Units/mL)IDENTIFICATION D = dilution factor used to prepare the Sample solu-• The retention time of the major peak of the Sample solution tioncorresponds to that of the Standard solution, as obtained in rU = peak area of insulin aspart (sum of B28isoAspthe Assay. insulin aspart, insulin aspart, B3Asp insulin as-
part, A21Asp insulin aspart, and B3isoAsp insu-ASSAY
lin aspart peak areas) from the Sample solution.• PROCEDURE

rS = peak area of insulin aspart (sum of B28isoAspSolution A:  Dissolve 70 g of anhydrous sodium sulfate in ap-
insulin aspart, insulin aspart, B3Asp insulin as-proximately 4500 mL of water, add 6.5 mL of phosphoric
part, A21Asp insulin aspart, and B3isoAsp insu-acid, and adjust with sodium hydroxide TS to a pH of 3.4.
lin aspart peak areas) from the StandardDilute with water to 5000 mL. Mix 900 mL of this solution
solution.with 100 mL of acetonitrile.

Acceptance criteria:  NLT 95% and NMT 105% of the po-Solution B:  Mix equal volumes of water and acetonitrile.
tency stated on the label, expressed in USP Insulin AspartMobile phase:   See the gradient table below.
Units/mL

Time Solution A Solution B IMPURITIES
(min) (%) (%) Organic Impurities

• PROCEDURE 1: RELATED PROTEINS0 56 44
Mobile phase, Standard solution, Sample solution, Chro-35 56 44
matographic system, and System suitability:  Proceed as

40 20 80 directed in the Assay using the normalization procedure.
45 20 80 Acceptance criteria:  B28isoAsp insulin aspart: NMT 2.5%;
46 56 44 Total of the peaks due to A21Asp insulin aspart, B3Asp insulin
60 56 44 aspart, and B3isoAsp insulin aspart: NMT 5.0%

Total of other impurities:  NMT 3.5%
[NOTE—If necessary, adjust the Mobile phase composition to • PROCEDURE 2: LIMIT OF HIGH MOLECULAR WEIGHT PROTEINS
obtain a retention time of insulin aspart of 20–26 min and to Arginine solution:  1 mg/mL of L-arginine in water
ensure that the preservatives are well separated from Mobile phase:  Prepare a filtered and degassed mixture of
B28isoAsp insulin aspart peak. If necessary, adjust the start Arginine solution, acetonitrile, and glacial acetic acid
time of the gradient to ensure that B3isoAsp insulin aspart is (65:20:15).
eluted before the gradient starts.] Resolution solution:  Dissolve 4 mg of Insulin Aspart contain-

Standard solution:  Dissolve the contents of a vial of USP Insu- ing more than 0.4% high molecular weight proteins in 1 mL
lin Aspart RS in 0.01 M hydrochloric acid to obtain a known of 0.01 N hydrochloric acid. Store this solution in a refrigera-
concentration of 100 USP Insulin Aspart Units/mL. Add 4 µL of tor, and use within 7 days. [NOTE—Insulin Aspart containing
6 M hydrochloric acid per mL and mix. Maintain the solution the indicated percentage of high molecular weight proteins
at 2°–8°. may be prepared by allowing Insulin Aspart to stand at room

Sample solution:  Acidify each mL of Insulin Aspart Subcutane- temperature for about 5 days.]
ous Injection with 4 µL of 6 M hydrochloric acid. Dilute, if Sample solution:  Acidify each mL of Insulin Aspart Subcuta-
necessary, a portion of the acidified solution with 0.01 M hy- neous Injection with 4 µL of 6 N hydrochloric acid. Dilute, if
drochloric acid to obtain a solution containing about 100 USP necessary, a portion of the acidified solution with 0.01 N hy-
Insulin Aspart Units/mL. Maintain the solution at 2°–8°. drochloric acid to obtain a solution containing about 100

Resolution solution:  Use an appropriate solution with a con- USP Insulin Aspart Units/mL.
tent of B3Asp Insulin Aspart and A21Asp Insulin Aspart of NLT Chromatographic system
1%. This may be achieved by storing the Standard solution at (See Chromatography 〈621〉, System Suitability.)
room temperature for about 1–3 days.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode:  LC Test 〈71〉 sample preparation procedure. The use of ascorbic acid
Detector:  UV 276 nm solution (1 in 100) as the dissolving agent causes a decrease in
Column:  7.8-mm × 30-cm; packing L20 pH of the resulting solution that can reduce the viability of some
Column temperature:  Ambient microorganisms. It is proposed to replace the ascorbic acid solu-
Flow rate:  0.5 mL/min tion with an alternative solvent that is unlikely to affect viability
Injection size:  100 µL of microorganisms such as readily available sterile Heparin So-

System suitability dium Injection.
Sample:  Resolution solution
[NOTE—The retention times are between 13 and 17 min for
the polymeric insulin aspart complexes, about 17.5 min for (BIO1: T. Sigambris.) RTS—94194the covalent insulin aspart dimer, and between 18 and 22
min for the insulin monomer, with salts eluting after the
insulin monomer.]

Suitability requirements
.

Resolution:  The ratio of the height of the covalent insulin Isophane Insulin Suspensiondimer peak to the height of the valley between the cova-
lent insulin dimer peak and the insulin monomer peak is

DEFINITIONNLT 2.0.
Isophane Insulin Suspension is a sterile suspension of zinc-insulinAnalysis

crystals and Protamine Sulfate in buffered Water for Injection,Sample:  Sample solution
combined in a manner such that the solid phase of the suspen-Inject 100 µL of the Sample solution into the chromato-
sion consists of crystals composed of insulin, protamine, andgraph, record the chromatogram, and measure the areas
zinc. The Protamine Sulfate is prepared from the sperm or fromof the peak responses, disgarding any peaks having reten-
the mature testes of fish belonging to the genus Oncorhynchustion times greater than that of the insulin aspart monomer.
Suckley, or Salmo Linné (Fam. Salmonidae). Its potency, basedCalculate the percentage of high molecular weight proteins
on the sum of its insulin and desamido insulin components, isin the portion of Insulin Aspart Subcutaneous Injection
NLT 95.0% and NMT 105.0% of the potency stated on thetaken:
label, expressed in USP Insulin Units per mL.

Result = ΣrH/(ΣrH + rM) × 100 IDENTIFICATION
• A.  The retention time of the insulin peak in the chromatogramrH = sum of the peak responses for all peaks having

of the Sample solution corresponds to the retention time of theretention times less than that of the insulin as-
appropriate species in the chromatogram of the Identificationpart monomer
solution, as obtained in the Assay. [NOTE—It may be necessaryrM = peak response of the insulin aspart monomer
to inject a mixture of Sample solution A or Sample solution BAcceptance criteria:  NMT 1.5% is found
and Identification solution.]

SPECIFIC TESTS
ASSAY• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 80 USP En-
• PROCEDUREdotoxin Units/100 USP Units of Insulin Aspart.

Solution A:  Dissolve 28.4 g of anhydrous sodium sulfate in• STERILITY 〈71〉:  It meets the requirements when tested as di-
1000 mL of water. Pipet 2.7 mL of phosphoric acid into thisrected for Membrane Filtration under Test for Sterility of the
solution and adjust, if necessary, with ethanolamine to a pH ofProduct to be Examined.
2.3.• PARTICULATE MATTER 〈788〉:  Meets the requirements for small-

Mobile phase:  Acetonitrile and Solution A (26:74). [NOTE—Thevolume injections
acetonitrile is warmed to a temperature equal to or higher• PH 〈791〉:  Between 7.0 and 7.8, determined potentiometrically
than 20° to avoid precipitation.]• ZINC CONTENT 〈591〉:  Between 10 and 40 µg for each 100 USP

System suitability solution:  Dissolve about 1.5 mg of insulinInsulin Aspart Units
in 1.0 mL of 0.01 N hydrochloric acid. Allow to stand at room• INJECTIONS 〈1〉:  It meets the requirements.
temperature for NLT 3 days to obtain a solution containing
NLT 5% of A-21 desamido insulin.ADDITIONAL REQUIREMENTS

Identification solution:  Prepare a solution of USP Insulin• PACKAGING AND STORAGE:  Preserve in the unopened, multi-
(Pork) RS and USP Insulin (Beef) RS in 0.01 N hydrochloricdose container provided by the manufacturer. Store in a refrig-
acid containing about 0.6 mg/mL of each.erator, protect from sunlight, and avoid freezing.

Standard solution:  1.5 mg/mL of USP Insulin Human RS in• LABELING:  The label states that it has been prepared with insu-
0.01 N hydrochloric acid. [NOTE—The Identification solution,lin aspart obtained from microbial synthesis; it is to be stored
Standard solution, and Sample solutions may be stored at roomin a refrigerator and that freezing is to be avoided; the po-
temperature for up to 12 h or in a refrigerator for up to 48 h.]tency, expressed in USP Insulin Aspart Units/mL. [NOTE—By

Sample solution A (for Suspension labeled as containing 40convention, for the purpose of labeling insulin aspart prepara-
USP Insulin Units/mL):  Add 2.5 µL of 9.6 N hydrochloric acidtions, 0.350 mg of insulin aspart is equivalent to 1 USP Insulin
/mL of a volume of Suspension. Allow the suspension to clar-Aspart Unit or 6 nmol.]
ify, and mix.• USP REFERENCE STANDARD 〈11〉

Sample solution B (for Suspension labeled as containing 100USP Endotoxin RS
USP Insulin Units/mL):  Add 2.5 µL of 9.6 N hydrochloric acidUSP Insulin Aspart RS
/mL of a volume of Suspension. Allow the suspension, if pres-28B-L-Aspartic acid-insulin (human).
ent, to clarify, and mix. [NOTE—Pooling of several packageC256H381N65O79S6  5826 daltons▲USP35
units may be necessary to obtain a sufficient volume of the
sample.] Pipet 2 mL of this solution into a 5-mL volumetric
flask, dilute with 0.01 N hydrochloric acid to volume, and mix.

BRIEFING Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

Isophane Insulin Suspension,   USP 32 page 2646. On the
basis of comments received it is proposed to revise the Sterility
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Mode:  LC Analysis
Detector:  UV 214 nm Sample:  Sample solution
Column:  4.6-mm × 15-cm; packing L1 Inject the Sample solution and measure peak area responses,
Column temperature:  40° disregarding any peaks having retention times greater than
Flow rate:  1 mL/min the insulin monomer. Calculate the percentage of high
Injection size:  20 µL molecular weight proteins in the portion of Suspension

System suitability taken:
Samples:  System suitability solution and Standard solution

Result = 100ΣrH/ × (ΣrH + rM)Suitability requirements
Resolution:  NLT 2.0 between insulin and A-21 desamido

ΣrH = sum of the peak responses for all peaks havinginsulin peaks, System suitability solution
retention times less than that of the insulinTailing factor:  NMT 1.8 for the insulin peak, System suita-
monomerbility solution

rM = peak response of the insulin monomerRelative standard deviation:  NMT 1.6%, replicate injec-
Acceptance criteria:  NMT 3.0% for the insulin monomertions of Standard solution

Analysis SPECIFIC TESTSSamples:  Sample solution A or Sample solution B and Standard • INSULIN IN THE SUPERNATANTsolution Sample solution:  Centrifuge 10 mL of the Suspension at 1500From the measured chromatographic responses for insulin × g for 10 min. Use the supernatant.and A-21 desamido insulin, calculate the potency, in USP Analysis:  Determine the insulin content of the Sample solutionInsulin Units/mL, of Suspension taken: by a suitable method.
Acceptance criteria:  NMT 1.0 USP Insulin Unit/mLResult = (ΣrU/ΣrS) × (C × D)

• PH 〈791〉:  7.0–7.8, determined potentiometrically
• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 80 USP En-ΣrU = sum of the peak areas of insulin and A-21

dotoxin Units/100 USP Insulin Units.desamido insulin from the Sample solution
ΣrS = sum of the peak areas of insulin and A-21

desamido insulin from the Standard solution Change to read:
C = concentration of USP Insulin Human RS in the

Standard solution (USP Insulin Units/mL)
D = dilution factor • STERILITY TESTS 〈71〉:  It meets the requirements, when tested
 For Suspension prepared from a mixture of beef and pork as directed for Test for Sterility of the Product to Be Examined,
insulins, calculate the total potency as the sum of the Membrane Filtration, and the Suspension being filtered immedi-
potencies of both beef and pork insulins, determined as di- ately after it has been reduced to a clear solution by the addi-
rected above. tion of a freshly prepared solution (1 in 100) of ascorbic acid

Acceptance criteria:  95.0%–105.0% of the potency stated on in Fluid A▲and the Suspension being filtered immediatedly after
the label, expressed in USP Insulin Units in each mL. it has been reduced to a clear solution by the addition of a

suitable solvent, such as Heparin Sodium Injection.▲USP35
OTHER COMPONENTS
• ZINC DETERMINATION 〈591〉:  Between 10 µg and 40 µg for each ADDITIONAL REQUIREMENTS

100 USP Insulin Units • PACKAGING AND STORAGE:  Preserve in the unopened multiple-
dose container provided by the manufacturer. Do not repack-

IMPURITIES age. Store in a refrigerator, protect from sunlight, and avoid
Organic Impurities freezing.
• LIMIT OF HIGH MOLECULAR WEIGHT PROTEINS • LABELING:  Label it to indicate the one or more animal species

Solution A:  1 mg/mL of L-arginine in water to which it is related, as porcine, as bovine, or as a mixture of
Mobile phase:  Acetonitrile, Solution A, and glacial acetic acid porcine and bovine. Where it is purified, label it as such. The
(20:65:15) Suspension container label states that the Suspension is to be

Resolution solution:  Dissolve 4 mg of insulin containing shaken carefully before use. The label states the potency in
more than 0.4% high molecular weight proteins in 1 mL of USP Insulin Units per mL. Label it to state that it is to be
0.01 N hydrochloric acid. Store this solution in a refrigerator, stored in a refrigerator and that freezing is to be avoided.
and use within 7 days. [NOTE—Insulin containing the indi- • USP REFERENCE STANDARDS 〈11〉
cated percentage of high molecular weight proteins may be USP Endotoxin RS
prepared by allowing insulin to stand at room temperature USP Insulin (Beef) RS
for about 5 days.] USP Insulin (Pork) RS

Sample solution:  Quantitatively add 4 µL of 6 N hydrochlo-
ric acid per mL of a volume of Suspension, and mix.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.) BRIEFING
Mode:  LC
Detector:  UV 276 nm
Column:  7.8-mm × 30-cm; packing L20 Isophane Insulin Human Suspension,  USP 32 page 2646.Flow rate:  About 0.5 mL/min On the basis of comments received it is proposed to revise theInjection size:  100 µL Sterility Test 〈71〉 sample preparation procedure. The use of as-System suitability corbic acid solution (1 in 100) as the dissolving agent causes aSample:  Resolution solution decrease in pH of the resulting solution that can reduce the[NOTE—The relative retention times for the polymeric insu- viability of some microorganisms. It is proposed to replace thelin complexes, for the covalent insulin dimer, and for the ascorbic acid solution with an alternative solvent that is unlikelyinsulin monomer, with salts eluting after the insulin mo- to affect viability of microorganisms such as readily availablenomer, are 13–17 min, about 17.5 min, and 18–22 min, sterile Heparin Sodium Injection.respectively.]
Suitability requirements
Resolution:  NLT 2.0 for the ratio of the height of the

(BIO1: T. Sigambris.) RTS—94195covalent insulin dimer peak to the height of the valley
between the covalent insulin dimer peak and the insulin
monomer peak
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. ΣrU = sum of the peak areas of insulin and A-21
desamido insulin from the Sample solutionIsophane Insulin Human Suspension

ΣrS = sum of the peak areas of insulin and A-21
desamido insulin from the Standard solutionDEFINITION

C = concentration of USP Insulin Human RS in theIsophane Insulin Human Suspension is a sterile suspension of zinc-
Standard solution (USP Insulin Human Units/mL)insulin human crystals and Protamine Sulfate in buffered Water

D = dilution factorfor Injection, combined in a manner such that the solid phase
Acceptance criteria:  95.0%–105.0% of the potency stated onof the suspension consists of crystals composed of insulin
the label, expressed in USP Insulin Human Units in each mL.human, protamine, and zinc. The Protamine Sulfate is prepared

from the sperm or from the mature testes of fish belonging to OTHER COMPONENTSthe genus Oncorhynchus Suckley, or Salmo Linné (Fam. • ZINC DETERMINATION 〈591〉:  Between 0.021 mg and 0.04 mgSalmonidae). Its potency, based on the sum of its insulin and for each 100 USP Insulin Human Unitsdesamido insulin components, as in the Assay, is NLT 95.0%
and NMT 105.0% of the potency stated on the label, ex- IMPURITIES
pressed in USP Insulin Human Units in each mL. Organic Impurities

• LIMIT OF HIGH MOLECULAR WEIGHT PROTEINSIDENTIFICATION Solution A:  1 mg/mL of L-arginine in water• A.  The retention time of the major peak of Sample solution A Mobile phase:  Acetonitrile, Solution A, and glacial acetic acidor Sample solution B corresponds to that of the Standard solu- (20:65:15)tion, as obtained in the Assay. Resolution solution:  Dissolve 4 mg of insulin containing
more than 0.4% high molecular weight proteins in 1 mL ofASSAY
0.01 N hydrochloric acid. Store this solution in a refrigerator,• PROCEDURE
and use within 7 days. [NOTE—Insulin containing the indi-Solution A:  Dissolve 28.4 g of anhydrous sodium sulfate in
cated percentage of high molecular weight proteins may be1000 mL of water. Pipet 2.7 mL of phosphoric acid into this
prepared by allowing insulin to stand at room temperaturesolution and adjust, if necessary, with ethanolamine to a pH of
for about 5 days.]2.3.

Sample solution:  Quantitatively add 4 µL of 6 N hydrochlo-Mobile phase:  Acetonitrile and Solution A (26:74). [NOTE—The
ric acid per mL of a volume of Suspension, and mix.acetonitrile is warmed to a temperature equal to or higher

Chromatographic systemthan 20° to avoid precipitation.]
(See Chromatography 〈621〉, System Suitability.)System suitability solution:  Dissolve about 1.5 mg of Insulin
Mode:  LCin 1.0 mL of 0.01 N hydrochloric acid. Allow to stand at room
Detector:  UV 276 nmtemperature for NLT 3 days to obtain a solution containing
Column:  7.8-mm × 30-cm; packing L20NLT 5% of A-21 desamido insulin.
Flow rate:  About 0.5 mL/minStandard solution:  1.5 mg/mL of USP Insulin Human RS in
Injection size:  100 µL0.01 N hydrochloric acid

System suitabilitySample solution A (for Suspension labeled as containing 40
Sample:  Resolution solutionUSP Insulin Human Units/mL):  Add 2.5 µL of 9.6 N hydro-
[NOTE—The relative retention times for the polymeric insu-chloric acid/mL of a volume of Suspension. Allow the suspen-
lin complexes, for the covalent insulin dimer, and for thesion to clarify, and mix.
insulin monomer, with salts eluting after the insulin mo-Sample solution B (for Suspension labeled as containing 100
nomer, are 13–17 min, about 17.5 min, and 18–22 min,USP Insulin Human Units/mL):  Add 2.5 µL of 9.6 N hydro-
respectively.]chloric acid/mL of a volume of Suspension. Allow the suspen-

Suitability requirementssion, if present, to clarify, and mix. [NOTE—Pooling of several
Resolution:  NLT 2.0 for the ratio of the height of thepackage units may be necessary to obtain sufficient volume of
covalent insulin dimer peak to the height of the valleythe sample.] Pipet 2 mL of this solution into a 5-mL volumet-
between the covalent insulin dimer peak and the insulinric flask, dilute with 0.01 N hydrochloric acid to volume, and
monomer peakmix. [NOTE—The Standard solution and Sample solutions may

Analysisbe stored at room temperature for up to 12 h or in a refriger-
Sample:  Sample solutionator for up to 48 h.]
Inject the Sample solution and measure peak area responses,Chromatographic system
disregarding any peaks having retention times greater than(See Chromatography 〈621〉, System Suitability.)
the insulin monomer. Calculate the percentage of highMode:  LC
molecular weight proteins in the portion of SuspensionDetector:  UV 214 nm
taken:Column:  4.6-mm × 15-cm; packing L1

Column temperature:  40° Result = 100ΣrH/(ΣrH + rM)Flow rate:  1 mL/min
Injection size:  20 µL ΣrH = sum of the peak responses for all peaks havingSystem suitability retention times less than that of the insulinSamples:  System suitability solution and Standard solution monomerSuitability requirements rM = peak response of the insulin monomerResolution:  NLT 2.0, between insulin and A-21 desamido Acceptance criteria:  NMT 3.0% for insulin monomerinsulin peaks, System suitability solution

Tailing factor:  NMT 1.8 for the insulin peak, System suita- SPECIFIC TESTS
bility solution • INSULIN IN THE SUPERNATANT

Relative standard deviation:  NMT 1.6%, Standard solution Sample solution:  Centrifuge 10 mL of the Suspension at 1500
Analysis × g for 10 min. Use the supernatant.
Samples:  Sample solution A or Sample solution B and Standard Analysis:  Determine the insulin content of the Sample solution
solution by a suitable method.

From the measured chromatographic responses for insulin and Acceptance criteria:  NMT 1.0 USP Insulin Human Unit/mL
A-21 desamido insulin, calculate the potency, in USP Insulin • PH 〈791〉:  7.0–7.5, determined potentiometrically
Human Units per mL, of Suspension taken: • BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 80 USP En-

dotoxin Units/100 USP Insulin Human Units.
Result = (ΣrU/ΣrS) × (C × D)
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evaporator. Induce crystallization by prolonged scratching ofChange to read:
the side of the container with a glass rod.

• B.  The retention time of the major peak from the Sample solu-
• STERILITY TESTS 〈71〉:  It meets the requirements, when tested tion corresponds to that from the Standard solution, as ob-

as directed for Test for Sterility of the Product to Be Examined, tained in the Assay.
Membrane Filtration, and the Suspension being filtered immedi-

ASSAYately after it has been reduced to a clear solution by the addi-
[NOTE—The Standard solution and Sample solution must be pro-tion of a freshly prepared solution (1 in 100) of ascorbic acid
tected from light.]in Fluid A▲and the Suspension being filtered immediatedly after
• PROCEDUREit has been reduced to a clear solution by the addition of a

Mobile phase:  Acetonitrile, glacial acetic acid, and watersuitable solvent, such as Heparin Sodium Injection.▲USP35
(90:1:110)

ADDITIONAL REQUIREMENTS Standard stock solution:  0.24 mg/mL of USP Ketoprofen RS
• PACKAGING AND STORAGE:  Preserve in the unopened multiple- in Mobile phase

dose container provided by the manufacturer. Do not repack- Standard solution:  0.024 mg/mL of USP Ketoprofen RS in
age. Store in a refrigerator, protect from sunlight, and avoid Mobile phase, from Standard stock solution
freezing. System suitability stock solution:   0.25 mg/mL of USP

• LABELING:  The Suspension container label states that the Sus- Ketoprofen RS and 0.5 mg/mL of USP Ketoprofen Related
pension is to be shaken carefully before use. The labeling Compound A RS in Mobile phase
states also that it has been prepared with insulin human of System suitability solution:   0.02 mg/mL of USP Ketoprofen
semisynthetic origin (i.e., derived by enzyme modification of RS and 0.04 mg/mL of USP Ketoprofen Related Compound A
pork pancreas insulin) or with insulin human of recombinant RS in Mobile phase, from System suitability stock solution
DNA origin (i.e., obtained from microbial synthesis), whichever Sample solution:  0.024 mg/mL of ketoprofen in Mobile phase.
is applicable. Label it to state that it is to be stored in a refrig- Remove completely the contents of NLT 20 Capsules, and
erator and that freezing is to be avoided. The label states the transfer a quantity of the contents, equal to 200 mg of
potency in USP Insulin Units per mL. ketoprofen, to a 250-mL volumetric flask. Add 150 mL of Mo-

• USP REFERENCE STANDARDS 〈11〉 bile phase and stir for 2 h; dilute with Mobile phase to volume.
USP Endotoxin RS Centrifuge a portion of the preparation. Pipet 3.0 mL of clear
USP Insulin Human RS supernatant into a 100-mL volumetric flask. Dilute with Mobile
USP Insulin (Pork) RS phase to volume.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC

BRIEFING Detector:  UV 250 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.2 mL/min
Injection size:  20 µLKetoprofen Capsules.  Because there is no existing USP mono-

System suitabilitygraph for this drug product, a new monograph is being pro-
Samples:  Standard solution and System suitability solutionposed, based on the monograph published in the British
Suitability requirementsPharmacopoeia. The liquid chromatographic procedure in the

Resolution:  NLT 3.0 between ketoprofen and ketoprofentest for Organic Impurities is based on analyses performed with
related compound A, System suitability solutionthe Nucleosil C18 brand of L1 column. The typical retention

Tailing factor:   NMT 1.5 for the ketoprofen peak, Systemtime for ketoprofen is about 7.0 min. The spectrometric proce-
suitability solutiondure in the Assay has been replaced with a stability-indicating

Relative standard deviation:   NMT 2.0%, StandardHPLC procedure based on analyses performed with the Prodigy
solutionODS3 brand of L1 column. The typical retention time for

Analysisketoprofen is about 9.6 min under the Assay conditions. An
Samples:  Standard solution and Sample solutionHPLC retention time comparision procedure has also been
Calculate the percentage of C16H14O3 in the portion of Cap-added as an Identification test.
sules taken:

Result = (rU/rS) × (CS/CU) × 100
(MD-CCA: C. Anthony.  BPC:  M. Marques.) RTS—C47758

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Ketoprofen RS in the Stan-

dard solution (mg/mL)
CU = nominal concentration of Ketoprofen in the Sam-Add the following:

ple solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

.

PERFORMANCE TESTS▲Ketoprofen Capsules • DISSOLUTION 〈711〉
Medium:   0.05 M phosphate buffer, pH 7.4; 1000 mLDEFINITION Apparatus 2:   50 rpmKetoprofen Capsules contain NLT 90.0% and NMT 110.0% of the Time:   30 minlabeled amount of ketoprofen (C16H14O3). Standard solution:  USP Ketoprofen RS in Medium
Sample solution:  Pass a portion of the solution under testIDENTIFICATION
through a suitable filter. Dilute with Medium, if necessary, to a• A. INFRARED ABSORPTION 〈197K〉
concentration similar to the Standard solution.Sample solution:  Shake a quantity of the contents of the cap-

Instrumental conditionssules containing 500 mg of ketoprofen with 50 mL of chloro-
(See Spectrophotometry and Light-Scattering 〈851〉.)form for 5 min, filter, and evaporate to dryness using a rotary
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Mode:  UV CU = concentration of ketoprofen in the Sample solu-
Analytical wavelength:  260 nm tion (mg/mL)
Path length:  1 cm Acceptance criteria:  NMT 0.2%
Blank:  Medium Calculate the percentage of any individual unspecified impu-

Analysis rity in the portion of Capsules taken:
Calculate the percentage of the labeled amount of ketoprofen

Result = (rU/rS) × (CS/CU) × 100dissolved:

rU = peak response of any unspecified peak from theResult = (AU/AS) × (CS/L) × D × V × 100
Sample solution

AU = absorbance from the Sample solution rS = peak response of USP Ketoprofen RS from the
AS = absorbance from the Standard solution Standard solution
CS = concentration of the Standard solution (mg/mL) CS = concentration of USP Ketoprofen RS in the Stan-
L = label claim (mg/Capsule) dard solution (mg/mL)
D = dilution factor of the Sample solution CU = concentration of ketoprofen in the Sample solu-
V = volume of Medium, 1000 mL tion (mg/mL)

Tolerances:   NLT 75% (Q) of the labeled amount of Acceptance criteria
ketoprofen is dissolved. Any individual impurity:  NMT 0.2%

Total impurities:  NMT 0.5%
IMPURITIES
Organic Impurities ADDITIONAL REQUIREMENTS
[NOTE—The Standard solution, System suitability solution, and • PACKAGING AND STORAGE:  Preserve in tight containers, and
Sample solution must be protected from light.] store at controlled room temperature.

• PROCEDURE • USP REFERENCE STANDARDS 〈11〉
Buffer:  68.0 g/L of monobasic potassium phosphate in USP Ketoprofen RS
water. Adjust with phosphoric acid to a pH of 3.5 ± 0.05. (±)-m-Benzoylhydratropic acid.

Mobile phase:  Acetonitrile, water, and Buffer (43:55:2) C16H14O3 254.28
Diluent:  Acetonitrile and water (2:3) USP Ketoprofen Related Compound A RS
System suitability solution:  5 µg/mL of USP Ketoprofen RS α-Methyl-3-(4-methylbenzoyl) benzeneacetic acid.
and 1.5 µg/mL of USP Ketoprofen Related Compound D RS C17H16O3 268.31
in Diluent USP Ketoprofen Related Compound C RS

Standard solution:  2 µg/mL of USP Ketoprofen RS, 2 µg/mL 2-(3-Carboxyphenyl) propionic acid.
of USP Ketoprofen Related Compound C RS, and 3 µg/mL of C10H10O4 194.18
USP Ketoprofen Related Compound D RS in Diluent USP Ketoprofen Related Compound D RS

Sample solution:  1 mg/mL of ketoprofen in Mobile phase 3-Acetylbenzophenone.
Chromatographic system C15H12O2 224.25▲USP35

(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 233 nm

BRIEFINGColumn:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection size:  20 µL
Run time:  7 times the retention time of ketoprofen Lamotrigine Tablets,  page 110 of PF 36(1) [Jan.–Feb. 2010].

System suitability It is proposed to add instructions on how to prepare the Stan-
Sample:  System suitability solution dard solution and the Sample solution in Dissolution Test 1, Spec-
Suitability requirements trophotometric method.
Resolution:  NLT 7.0 between ketoprofen related com-
pound D and ketoprofen

Analysis (SM4: M. Marques.) RTS—C90701Samples:   Standard solution and Sample solution
Calculate the percentage of ketoprofen related compound D
in the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100
Add the following:

rU = peak response of ketoprofen related compound
D from the Sample solution

rS = peak response of USP Ketoprofen Related Com- .

pound D RS from the Standard solution ▲Lamotrigine Tablets
CS = concentration of USP Ketoprofen Related Com-

pound D RS in the Standard solution (mg/mL) DEFINITION
CU = concentration of ketoprofen in the Sample solu- Lamotrigine Tablets contain NLT 90.0% and NMT 110.0% of

tion (mg/mL) lamotrigine (C9H7Cl2N5).
Acceptance criteria:  NMT 0.3%
Calculate the percentage of ketoprofen related compound C IDENTIFICATION
in the portion of Capsules taken: • A. ULTRAVIOLET ABSORPTION 〈197U〉

Standard solution:  0.02 mg/mL of USP Lamotrigine RS in
Result = (rU/rS) × (CS/CU) × 100 0.01 N hydrochloric acid

Sample solution:  0.02 mg/mL of lamotrigine from crushed
rU = peak response of ketoprofen related compound powdered Tablets in 0.01 N hydrochloric acid

C from the Sample solution Acceptance criteria:  The spectra of the Standard solution and
rS = peak response of USP Ketoprofen Related Com- Sample solution exhibit maxima and minima at the same

pound C RS from the Standard solution wavelengths.
CS = concentration of USP Ketoprofen Related Com- • B.  The retention time of the lamotrigine peak of the Sample

pound C RS in the Standard solution (mg/mL) solution corresponds to that of the Standard solution, as ob-
tained in the Assay.
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ASSAY Table 1
• PROCEDURE

Tablet Volume of Volume of FinalBuffer:  0.77 g/L of ammonium acetate. Adjust with glacial
Label Claim Sample Volumetric Concentrationacetic acid to a pH of 4.5.

 (mg) (mL) Flask (mg/mL)Mobile phase:  Methanol and Buffer (3:2)
25 — — 0.028Standard solution:  0.05 mg/mL of USP Lamotrigine RS in

Mobile phase 100 5.0 20 0.029
Sample solution:  Transfer NLT 20 Tablets to a suitable volu- 150 4.0 25 0.027
metric flask to obtain a nominal concentration of lamotrigine 200 3.0 25 0.027
of 1.0 mg/mL. Dissolve in 70% of the flask volume of the
Mobile phase by sonicating for 20 min. Dilute with Mobile ▲USP35
phase to volume. Centrifuge the solution. Quantitatively dilute Mode:  UV
a suitable volume of centrifugate with Mobile phase to obtain Analytical wavelength:  267 nm
a nominal concentration of 0.05 mg/mL of lamotrigine. Blank:  Medium

Chromatographic system  Calculate the percentage of the labeled amount of lamo-
(See Chromatography 〈621〉, System Suitability.) trigine dissolved:
Mode:  LC
Detector:  UV 210 nm Result = (AU/AS) × (CS/L) × ▲D ×▲USP35 V × 100
Column:  4.6-mm × 15-cm; 5-µm packing L1

AU = absorbance of the Sample solutionFlow rate:  1 mL/min
AU = absorbance of the Standard solutionInjection size:  10 µL
CS = concentration of the Standard solution (mg/mL)System suitability
L = label claim (mg/Tablet)Sample:  Standard solution
▲D = dilution factor of the Sample solution▲USP35Suitability requirements
V = volume of Medium, 900 mLTailing factor:  NMT 2.0 for lamotrigine

Chromatographic methodRelative standard deviation:  NMT 2.0% for lamotrigine
Buffer solution and Mobile phase:  Prepare as directed inAnalysis
the Assay.Samples:  Standard solution and Sample solution

Standard stock solution:  Dissolve a suitable quantity ofCalculate the percentage of lamotrigine (C9H7Cl2N5) in the
USP Lamotrigine RS in a volumetric flask to obtain a con-portion of Tablets taken:
centration of 0.5 mg/mL of Medium. [NOTE—Dissolve first

Result = (rU/rS) × (CS/CU) × 100 in 15% of the flask volume of methanol before dilution
with Medium to volume.]

rU = peak response from the Sample solution Standard solution:  (L/1000) mg/mL of USP Lamotrigine
rS = peak response from the Standard solution RS from the Standard stock solution in Medium, where L is
CS = concentration of USP Lamotrigine RS in the Stan- the label claim in mg.

dard solution (mg/mL) Sample solution:  Pass a portion of the solution under test
CU = nominal concentration of lamotrigine in the Sam- through a suitable filter of 0.45-µm pore size.

ple solution (mg/mL) Chromatographic system
Acceptance criteria:  90.0%–110.0% (See Chromatography 〈621〉, System Suitability.)

Mode:  LC
PERFORMANCE TESTS Column:  4.6-mm × 15-cm; 5-µm packing L1

Detector:  UV 310 nm
Flow rate:  1 mL/minChange to read:
Injection size:  See Table 2.

• DISSOLUTION 〈711〉
Table 2Test 1

Medium:  0.1 N hydrochloric acid; 900 mL Label Claim Injection Size
Apparatus 2:  50 rpm  (mg/Tablet) (µL)
Time:  30 min 25 50Determine the amount of lamotrigine (C9H7Cl2N5) dissolved by

100, 150, 200 10using one of the following methods.
Spectrometric method System suitabilityStandard stock solution:  Dissolve a suitable quantity of Sample:  Standard solutionUSP Lamotrigine RS in a volumetric flask to obtain a con- Suitability requirementscentration of 0.15 mg/mL of Medium. [NOTE—Dissolve first Tailing factor:  NMT 2.0 for lamotriginein 5% of the flask volume of methanol before dilution with Relative standard deviation:  NMT 2.0%Medium to volume.] AnalysisStandard solution:  L/1000 mg/mL of USP Lamotrigine RS Samples:  Standard solution and Sample solutionfrom the Standard stock solution in Medium where L is the  Calculate the percentage of the labeled amount of lamo-label claim in mg▲Dilute the Standard stock solution with trigine dissolved:Medium to obtain a final concentration of 0.028 µg/

mL.▲USP35 Result = (rU/rS) × (CS/L) × V × 100
Sample solution:  Pass a portion of the solution under test
through a suitable filter of 0.45-µm pore size. Dilute with rU = peak response from the Sample solution
Medium to obtain a solution of a final theoretical concen- rS = peak response from the Standard solution
tration of L/1000 mg/mL, where L is the Tablet label claim CS = concentration of the Standard solution (mg/mL)
in mg, considering complete dissolution of the label claim L = label claim (mg/Tablet)
▲according to Table 1. V = volume of Medium, 900 mL

Tolerances:  NLT 80% (Q) of the labeled amount of lamo-
trigine is dissolved.

Test 2:  If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 2.
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Medium, Apparatus, and Time:  Proceed as directed for Test Acceptance criteria
1. Individual impurities:  See Table 3.

Determine the amount of lamotrigine dissolved using either
the Spectrometric method or Chromatographic method de- Table 3
scribed in Test 1.

Tolerances:  NLT 75% (Q) of the labeled amount of lamo- Relative Relative Acceptance
trigine is dissolved. Retention Response Critieria,

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements Name Time Factor NMT (%)
Lamotrigine related

IMPURITIES compound Ba 0.67 0.75 0.2
Organic Impurities

Any individual un-• PROCEDURE
specified degrada-Buffer:  Prepare as directed in the Assay.
tion impurity — 1.0 0.2Diluent:  Methanol and Buffer (3:2)

Total impurities — — 0.75Standard solution:  1.0 µg/mL of USP Lamotrigine RS in
a 2,3-Dichlorobenzoic acid.Diluent

System suitability solution:  1 µg/mL of USP Lamotrigine Re- ADDITIONAL REQUIREMENTSlated Compound B RS and 0.4 mg/mL of USP Lamotrigine • PACKAGING AND STORAGE:  Preserve in well-closed containers,RS in Diluent and store at controlled room temperature.Mobile phase:  Acetonitrile, methanol, and Buffer (1:3:6) • LABELING:  When more than one Dissolution test is given, theSample solution:  Transfer NLT 20 Tablets to a suitable volu- labeling states the Dissolution test used only if Test 1 is notmetric flask to obtain a nominal concentration of lamotrigine used.of about 0.4 mg/mL. Dissolve in 70% of the flask volume of • USP REFERENCE STANDARDS 〈11〉the Mobile phase by sonicating and shaking intermittently for USP Lamotrigine RS30 min. Dilute with Diluent to volume. Pass through a 0.45- 1,2,4-Triazine-3,5-diamine, 6-(2,3-dichlorophenyl).µm membrane filter. C9H7Cl2N5 256.09Chromatographic system USP Lamotrigine Related Compound B RS(See Chromatography 〈621〉, System Suitability.) 2,3-Dichlorobenzoic acid.Mode:  LC C7H4Cl2O2 191.01▲USP34Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection size:  5 µL BRIEFING

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

Lamotrigine Tablets for Oral Suspension.  Because there isResolution:  NLT 2.0 between lamotrigine related com-
no existing USP monograph for this dosage form, a new mono-pound B and lamotrigine, System suitability solution
graph is being proposed. The liquid chromatographic procedureTailing factor:  NMT 2.0 for lamotrigine, Standard solution
in the Assay was validated with an Inertsil ODS 3V brand of L1Relative standard deviation:  NMT 10.0% for lamo-
column, in which lamotrigine elutes at about 5.5 min. Chromat-trigine, Standard solution
ographic procedure 1 in the test for Dissolution was validated withAnalysis
a Waters Xterra RP-18 brand of L1 column, in which lamotrigineSamples:  Standard solution and Sample solution
has a typical retention time of 3.5 min. The liquid chromato-Calculate the percentage of any individual impurity in the
graphic procedure in test for Organic Impurities uses a flexibleportion of lamotrigine taken:
monograph approach to reflect the different impurity profiles of
approved products. Organic Impurities, Procedure 1 was validatedResult = (rU/rS) × (CS/CU) × (1/F) × 100
with an Inertsil ODS-3V brand of L1 column, in which lamo-
trigine elutes elutes at about 8 min. The liquid chromatographicrU = peak response of each individual impurity from
procedure used in Organic Impurities, Procedure 2 and in Chro-the Sample solution
matographic procedure 2 in the test for Dissolution was validatedrS = peak response of lamotrigine from the Standard
with a Hypersil BDS C18 brand of L1 column, in which lamo-solution
trigine and lamotrigine related compound C elute at about 3.7CS = concentration of USP Lamotrigine RS in the Stan-
and about 4.8 min, respectively.dard solution (mg/mL)

CU = nominal concentration of lamotrigine in the
Sample solution (mg/mL)

F = relative response factor (see Table 3) (SM4: R. Ravichandran, M. Marques.) RTS—C87431;
C88566

Add the following:

.

▲Lamotrigine Tablets for Oral
Suspension

DEFINITION
Lamotrigine Tablets for Oral Suspension contains NLT 90.0% and

NMT 110.0% of the labeled amount of of lamotrigine
(C9H7N5Cl2)
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IDENTIFICATION Standard solution:  (L/1000) mg/mL of USP Lamotrigine RS in
• A. INFRARED ABSORPTION 〈197K〉 Medium from the Standard stock solution, where L is the tablet

Sample:  Transfer crushed powder of the Tablets for Oral Sus- label claim in mg
pension, equivalent to 30 mg of lamotrigine, into an Sample solution:  Pass a portion of the solution under test
Erlenmeyer flask, and add 10 mL of chloroform. Sonicate for through a suitable filter of 0.45-µm pore size.
about 15 min. Shake the flask for another 2 min. Pass the Determine the amount of lamotrigine dissolved by employing
sample through a Whatman No. 1 filter paper. Evaporate the one of the following chromatographic procedures.
solution to dryness. Add 250 mg of potassium bromide to the Chromatographic procedure 1
dried residue, and prepare the pellet. Buffer:  To 1 L of 0.77 g/L of ammonium acetate in water add

Acceptance criteria:  Absorption bands at 1491 cm-1, 1557 2 mL of triethylamine, and adjust with glacial acetic acid to a
cm-1, 1621 cm-1, 3213 cm-1, 3320 cm-1, and 3451 cm-1 are pH of 7.5.
found in the Sample and a similarly prepared Standard. Mobile phase:  Acetonitrile, methanol, and Buffer (20:15:65)

• B.  The retention time of the major peak of the Sample solution Chromatographic system
corresponds to that of the Standard solution, as obtained in (See Chromatography 〈621〉, System Suitability.)
the Assay. Mode:  LC

Detector:  UV 310 nm
ASSAY Column:  4.6-mm × 15-cm; 5-µm packing L1
• PROCEDURE Flow rate:  1 mL/min

Buffer:  0.77 g/L of ammonium acetate, adjusted with glacial Injection size:  100 µL
acetic acid to a pH of 4.5 System suitability

Mobile phase:  Acetonitrile, methanol, and Buffer (30:10:60) Sample:  Standard solution
Diluent:  Acetonitrile, methanol, and Buffer (30:30:40) Suitability requirements
Standard solution:  0.05 mg/mL of USP Lamotrigine RS in Tailing factor:  NMT 2.0
Diluent Relative standard deviation:  NMT 2.0%

Sample solution:  Transfer NLT 6 Tablets for Oral Suspension Chromatographic procedure 2
to a suitable volumetric flask to obtain a nominal concentra- Mobile phase and Chromatographic system:  Proceed as di-
tion of about 0.05 mg/mL of lamotrigine. Sonicate in 70% of rected in the test for Organic Impurities, Procedure 2.
the flask volume of Diluent for 30 min with intermittent shak- System suitability
ing. Dilute with Diluent to final volume, and pass a portion Sample:  Standard solution
through a suitable membrane filter. Suitability requirements

Chromatographic system Tailing factor:  NMT 2.0
(See Chromatography 〈621〉, System Suitability.) Relative standard deviation:  NMT 2.0%
Mode:  LC Analysis
Detector:  210 nm Samples:  Standard solution and Sample solution
Column:  4.6-mm × 25-cm; 5-µm packing L1 Calculate the percentage of lamotrigine dissolved:
Flow rate:  1.5 mL/min
Injection size:  10 µL Result = (rU/rS) × (CS/L) × V × 100

System suitability
Sample:  Standard solution rU = peak response from the Sample solution
Suitability requirements rS = peak response from the Standard solution

Tailing factor:  NMT 2.0, lamotrigine CS = concentration of USP Lamotrigine RS in the Stan-
Relative standard deviation:  NMT 2.0% dard solution (mg/mL)

Analysis L = label claim (mg/Tablet)
Samples:  Standard solution and Sample solution V = volume of Medium, 900 mL
Calculate the percentage of lamotrigine (C9H7N5Cl2), based Tolerances:  NLT 80% (Q) of the labeled amount of lamo-
on the label claim, in the portion of Tablets for Oral Suspen- trigine is dissolved.
sion taken: • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

IMPURITIESResult = (rU/rS) × (CU/CU) × 100
Organic Impurities

rU = peak response from the Sample solution [NOTE—Procedure 1 is recommended if lamotrigine related com-
rU = peak response from the Standard solution pound B is a potential organic impurity. Procedure 2 is recom-
CU = concentration of USP Lamotrigine RS in the Stan- mended if lamotrigine related compound C is a potential or-

dard solution (mg/mL) ganic impurity.]
CU = nominal concentration of lamotrigine in the • PROCEDURE 1

Sample solution (mg/mL) Buffer, Mobile phase, and Diluent:  Prepare as directed in
Acceptance criteria:  90.0%–110.0% the Assay.

Standard solution:  0.8 µg/mL of USP Lamotrigine RS in
PERFORMANCE TESTS Diluent
• DISSOLUTION 〈711〉 Sample solution:  From NLT 20 Tablets for Oral Suspension

Medium:  0.1 N Hydrochloric acid; 900 mL, degassed ground to a fine powder, transfer an amount of powder to a
Apparatus 2:  50 rpm suitable flask, to obtain a nominal concentration of 0.25 mg/
Time:  15 min mL of lamotrigine in Diluent. Sonicate for 15 min to dissolve
[NOTE—The Sample solution may be analyzed using either Chro- the contents. Filter a portion, and discard the first 1 mL of
matographic procedure 1 or Chromatographic procedure 2.] the filtrate.

Chromatographic procedure 1 Chromatographic system
Standard stock solution:  0.5 mg/mL of USP Lamotrigine RS (See Chromatography 〈621〉, System Suitability.)
in methanol
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Mode:  LC Mode:  LC
Detector:  UV 210 nm Detector:  UV 270 nm
Column:  4.6-mm × 25-cm column; 5-µm packing L1 Column:  4.6-mm × 15-cm column; 5-µm packing L1
Flow rate:  1 mL/min Flow rate:  1 mL/min
Injection size:  20 µL Injection size:  10 µL

System suitability System suitability
Sample:   Standard solution Sample:  Standard solution
[NOTE—Relative retention times are in Table 1.] [NOTE—Relative retention times are in Table 2.]

Suitability requirements Suitability requirements
Tailing factor:  NMT 2.0 Resolution:  NLT 2.0 between lamotrigine and lamotrigine
Relative standard deviation:  NMT 10% related compound C

Analysis Tailing factor:  NMT 2.0 for lamotrigine and lamotrigine
Samples:  Standard solution and Sample solution related compound C
Calculate the percentage of each impurity in the portion of Relative standard deviation:  NMT 5.0% for lamotrigine
Tablets for Oral Suspension taken: related compound C and NMT 1.5% for lamotrigine

Analysis
Result = (rU/rS) × (CS/CU) × (1/F) × 100 Samples:  Standard solution and Sample solution

Calculate the percentage of lamotrigine related compound C
rU = peak response of the impurity from the Sample in the portion of Tablets for Oral Suspension taken:

solution
rS = peak response of lamotrigine from the Standard Result = (rU/rS) × (CS/CU) × 100

solution
CS = concentration of USP Lamotrigine RS in the Stan- rU = peak response of lamotrigine related compound

dard solution (mg/mL) C from the Sample solution
CU = nominal concentration of lamotrigine in the rS = peak response of lamotrigine related compound

Sample solution (mg/mL) C from the Standard solution
F = relative response factor for each impurity listed CS = concentration of USP Lamotrigine Related Com-

in Table 1 pound C RS in the Standard solution (mg/mL)
Acceptance criteria:  See Table 1. CU = nominal concentration of lamotrigine in the

Sample solution (mg/mL)
Calculate the percentage of any other individual unspecifiedTable 1
degradation product in the portion of Tablets for Oral Sus-

Relative Relative Acceptance pension taken:
Retention Response Criteria,

Result = (rU/rS) × (CS/CU) × 100Name Time Factor NMT (%)
Lamotrigine 1.0 — —

rU = peak response of any other impurity from the
Lamotrigine related 1.59 0.69 0.1 Sample solution
compound Ba

rS = peak response of lamotrigine from the Standard
Any other individual — 1.0 0.2 solution
degradation product CS = concentration of USP Lamotrigine RS in the Stan-

Total impurities — — 0.4 dard solution (mg/mL)
CU = nominal concentration of lamotrigine in thea 2,3-Dichlorobenzoic acid.

Sample solution (mg/mL) 
Acceptance criteria:  See Table 2.

• PROCEDURE 2
Mobile phase:  Acetonitrile, water, glacial acetic acid, and tri-

Table 2ethylamine (47:148:4:1). [NOTE—The Mobile phase is stable
for 48 h at room temperature.] Relative  Acceptance

Diluent  Methanol and water (40:60) Retention Criteria,
Standard solution:  0.2 mg/mL of USP Lamotrigine RS and Name Time NMT (%)
0.002 mg/mL of USP Lamotrigine Related Compound C RS

Lamotrigine 1.0 —prepared as follows. Transfer suitable amounts of USP Lamo-
Lamotrigine related compound 1.3 0.3trigine RS and USP Lamotrigine Related Compound C RS to a
Casuitable volumetric flask. Add 40% of the flask volume of

Any other individual unspeci- — 0.2methanol, and sonicate until dissolved. Allow to cool to room
fied degradation producttemperature, and dilute with water to volume.

Sample solution:  Nominally 0.2 mg/mL of lamotrigine. Use Total impurities — 0.5
10 Tablets for Oral Suspension for a label claim of 25 mg or a 3-Amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-5(4H)-one.
less and 5 Tablets for Oral Suspension for a label claim of 50  
mg or more prepared as follows. Transfer the appropriate

ADDITIONAL REQUIREMENTSnumber of Tablets for Oral Suspension to a suitable volumet-
• PACKAGING AND STORAGE:  Store in tight, light-resistant contain-ric flask. Add 40% of the flask volume of water. Swirl until

ers, at controlled room temperature.the tablets have disintegrated. Allow the effervesence to stop,
• LABELING:  If a procedure for Organic Impurities other than Pro-and then add an additional 40% of the flask volume of

cedure 1 is used, then the labeling states with which Organicmethanol. Sonicate the flask for 10 min, and cool to room
Impurities procedure the article complies. The label states thattemperature. Dilute with water to volume. [NOTE—For Tablets
the Tablets for Oral Suspension may be swallowed whole,for Oral Suspension with a 50 mg or higher label claim, a
chewed, or dispersed in water or diluted fruit juice.suitable intermediate concentration may be chosen. The final

•  USP REFERENCE STANDARDS 〈11〉dilution to arrive at the nominal concentration is made using
USP Lamotrigine RSDiluent.]
 1,2,4-Triazine-3,5-diamine, 6-(2,3-dichlorophenyl).Chromatographic system
C9H7Cl2N5 256.09(See Chromatography 〈621〉, System Suitability.)

USP Lamotrigine Related Compound B RS
2,3-Dichlorobenzoic acid.
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C7H4Cl2O2 191.01 with Diluent to volume.▲0.1 mg/mL of USP Lansoprazole RS in
USP Lamotrigine Related Compound C RS Diluent▲USP35

3-Amino-6-(2,3-dichlorophenyl)-1,2,4-triazin-5(4H)-one. System suitability solution:  0.1 mg/mL of USP Lansoprazole
C9H6Cl2N4O 257.08▲USP35 RS and 0.1 mg/mL of USP Lansoprazole Related Compound A

RS in Diluent
Sample solution:  Prepare a solution containing 5.0 mg/mL of
Lansoprazole in Internal standard solution. Transfer 1.0 mL of

BRIEFING this solution to a 50-mL volumetric flask and dilute with Dilu-
ent to volume.▲0.1 mg/mL of Lansoprazole in Diluent▲USP35

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)Lansoprazole,  USP 32 page 2751. As a part of USP moderniza-
Mode:  LCtion efforts, it is proposed to update the Assay and to eliminate
Detector:  UV 285 nmthe use of the internal standard.
Column:  4.6-mm × 25-cm; 5-µm packing L1The following changes are proposed in the test for Organic
Flow rate:  1 mL/minImpurities:
Injection size:  10 µL1.  Several comments were received in regards to the value of

System suitabilitythe relative response factor for the lansoprazole sulfide im-
Samples:  Standard solution and System suitability solutionpurity. To address the comments, it is proposed to establish
Suitability requirementsa new quantitative Reference Standard (USP Lansoprazole

Resolution:  NLT 5 between lansoprazole and lansoprazoleRelated Compound B RS) for this impurity. The Standard
related compound A, System suitability solutionsolution is revised to incorporate this new Reference Stan-

Relative standard deviation:  NMT 1.0%, Standard solutiondard and to change the concentrations of the components
Analysisto the level equivalent to 0.1% of the Sample solution.
Samples:  Standard solution and Sample solution2.  It is also proposed to streamline the system suitability test-
Calculate the percentage of lansoprazole (C16H14F3N3O2S) ining by deleting the Impurity solution and using the System
the portion of Lansoprazole taken:suitability solution to control both the Resolution and Rela-

tive standard deviation requirements.
Result = (RU/RS) × (CS/CU) × 100▲Result = (rU/rS) × (CS/CU) ×

100▲USP35

(SM3: E. Gonikberg.) RTS—C89246 RU = peak response ratio of Lansoprazole to the inter-
nal standard from the Sample solution

RS = peak response ratio of Lansoprazole to the inter-
nal standard from the Standard solution

. ▲rU = peak response from the Sample solution
Lansoprazole rS = peak response from the Standard solution▲USP35

CS = concentration of USP Lansoprazole RS in the
Standard solution (mg/mL)

CU = concentration of Lansoprazole in the Sample solu-
tion (mg/mL)

Acceptance criteria:  98.0%–102.0%
 

IMPURITIES
Inorganic ImpuritiesC16H14F3N3O2S 369.36
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%1H-Benzimidazole, 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-

pyridinyl]
methyl]sulfinyl]-; Change to read:

2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2-pyridyl]-methyl-
]sulfinyl]benzimidazole [103577-45-3].

Organic Impurities
DEFINITION • PROCEDURE
Lansoprazole contains NLT 98.0% and NMT 102.0% of [NOTE—Store and inject the lansoprazole solutions at or below

C16H14F3N3O2S. 5° using a cooled autosampler. The solutions are stable for
about 24 h when stored at 5°.]IDENTIFICATION Solution A:  Water• A. INFRARED ABSORPTION 〈197K〉 Solution B:  Acetonitrile, water, and triethylamine (160:40:1).• B. ULTRAVIOLET ABSORPTION 〈197U〉 Adjust with phosphoric acid to a pH of 7.0.Sample solution:  10 µg/mL in methanol Diluent:  Methanol and 0.1 N sodium hydroxide (1:3)

Blank:  Methanol and Diluent (1:9)ASSAY
Mobile phase:  See Table 1 below.

Change to read:
Table 1

Time Solution A Solution B
• PROCEDURE  (min) (%) (%) 

Mobile phase:  Acetonitrile, water, and triethylamine 0 90 10
(40:60:1). Adjust with phosphoric acid to a pH of 7.0.

40 20 80Diluent:  Acetonitrile, water, and triethylamine (40:60:1). Ad-
50 20 80just with phosphoric acid to a pH of 10.0.
51 90 10Internal standard solution:  2.5 mg/mL of 4′-ethoxyacetophe-

none in Diluent 60 90 10
▲

▲USP35
System suitability solution:  Prepare a solution containing 25Standard solution:  Prepare a solution containing 5.0 mg/mL
µg/mL of USP Lansoprazole RS and 25 µg/mL of USP Lan-of USP Lansoprazole RS in Internal standard solution. Transfer
soprazole Related Compound A RS in methanol. Transfer 11.0 mL of this solution to a 50-mL volumetric flask and dilute
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mL of this solution into a 10-mL volumetric flask, and dilute Acceptance criteria
with Diluent to volume. Individual impurities:  See Table 2.

Impurity solution:  Prepare a solution containing 25 µg/mL
of USP Lansoprazole Related Compound A RS in methanol. Table 2
Transfer 1 mL of this solution into a 10-mL volumetric flask

Relative Relative Acceptanceand dilute with Diluent to volume.
Retention Response Criteria,▲

▲USP35
Name Time Factor NMT (%)Standard solution:  Prepare a solution containing 25 µg/mL

Lansoprazole N-ox- 0.8 1.3 0.1of USP Lansoprazole RS ▲and 25 µg/mL of USP Lansoprazole
ideaRelated Compound B RS▲USP35 in methanol. Transfer 1 mL of

this solution into a 10-mL▲100-mL▲USP35 volumetric flask, and Lansoprazole 1.0 — —
dilute with Diluent to volume. Lansoprazole relat- 1.1 0.82 0.4

Sample solution:  2.5 mg/mL of Lansoprazole in methanol. ed compound A
Transfer 1 mL of this solution into a 10-mL volumetric flask, (lansoprazole
and dilute with Diluent to volume. sulfone)b

Chromatographic system
▲Lansoprazole re- 1.2 0.79▲—▲USP35 0.1(See Chromatography 〈621〉, System Suitability.) lated compoundMode:  LC B▲USP35Detector:  UV 285 nm  (lansoprazoleColumn:  4.6-mm × 15-cm; 5-µm packing L1 sulfide)c

Flow rate:  0.8 mL/min
Other individual — 1.00 0.1Injection size:  40 µL
impuritySystem suitability

Total impurities — — 0.6Sample:  System suitability solution and Impurity solution
a [[(1H-Benzimidazole-2-yl)sulfinyl]methyl]-3-methyl-4-(2,2,2-trifluoroethoxy)-▲

▲USP35

pyridine 1-oxide.Suitability requirements
b 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridyl]methyl-Resolution:  NLT 6 between lansoprazole and lansoprazole
]sulfonyl]benzimidazole.related compound A from System suitability solution▲

▲USP35
c 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-pyridin-2-yl]methyl]sulfanyl]-1H-Relative standard deviation:  NMT 3% from Impurity so-
benzimidazole.lution▲

▲USP35

 Analysis
Samples:  Blank, Standard solution, and Sample solution SPECIFIC TESTSIdentify the lansoprazole peak and the peaks due to the • WATER DETERMINATION, Method Ia 〈921〉impurities listed in Table 2. Measure the areas for the major Sample:  1.0 gpeaks, excluding peaks obtained from the Blank. [NOTE—Use 50 mL of a dehydrated mixture of pyridine and▲Calculate the percentage of lansoprazole related compound ethylene glycol (9:1 to 8:2) as the solvent.]B in the portion of Lansoprazole taken: Acceptance criteria:  NMT 0.1%

Result = (rU/rS) × (CS/CU) × 100 ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-rU = peak response for lansoprazole related com- tainers. Store at room temperature, and protect from excessivepound B from the Sample solution heat.rS = peak response for lansoprazole related com-

pound B from the Standard solution
CS = concentration of USP Lansoprazole Related Com- Change to read:

pound B RS in the Standard solution (µg/mL)
CU = concentration of Lansoprazole in the Sample so-

• USP REFERENCE STANDARDS 〈11〉lution (µg/mL)▲USP35
USP Lansoprazole RSCalculate the percentage of each▲lansoprazole N-oxide, lan-
USP Lansoprazole Related Compound A RSsoprazole sulfone, and any other individual▲USP35 impurity in
2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2-the portion of Lansoprazole taken:
pyridyl]methyl]sulfonyl]benzimidazole.

Result = (rU/rS) × (CS/CU) × (1/F) × 100 C16H14F3N3O3S 385.36
▲USP Lansoprazole Related Compound B RS

rU = peak response for each impurity from the Sample 2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-pyridin-2-yl]
solution methyl]sulfanyl]-1H-benzimidazole.

rS = peak response for lansoprazole from the Stan- C16H14F3N3OS 353.36▲USP35
dard solution

CS = concentration of USP Lansoprazole RS in the
Standard solution (µg/mL)

CU = concentration of Lansoprazole in the Sample so- BRIEFING
lution (µg/mL)

F = relative response factor for each impurity (see
Table 2) Levofloxacin Oral Solution.  Because there is no existing USP

monograph for this dosage form, a new monograph, based on
validated methods of analysis, is proposed. The liquid chromato-
graphic procedures for the Assay and Organic Impurities are
based on analyses performed with the Zorbax SB-phenyl brand
of L11 column. The typical retention time for the levofloxacin
peak is about 13 min.

(SM1: B. Davani, R. Tirumalai.) RTS—C54653
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rS = peak response of levofloxacin from the StandardAdd the following:
solution

CS = concentration of USP Levofloxacin RS in the
. Standard solution (mg/mL)

CU = nominal concentration of levofloxacin in the▲Levofloxacin Oral Solution
Sample solution (mg/mL)

F = relative response factor for each impurity (SeeDEFINITION
Impurity Table 1)Levofloxacin Oral Solution contains NLT 90.0% and NMT 110.0%

Acceptance criteriaof the labeled amount of levofloxacin (C18H20FN3O4).
Individual impurities:  See Impurity Table 1.

IDENTIFICATION
• The retention time of the major peak of the Sample solution Impurity Table 1

corresponds to that of the Standard solution, as obtained in
Relative Relative Acceptancethe Assay.

Retention Response Criteria,
ASSAY Name Time  Factor NMT (%)
• PROCEDURE 9-Desfluoro 0.64 1.0 —*

[NOTE—Protect the solutions of levofloxacin from light.] levofloxacina

Diluent:  Acetonitrile and water (18:82) Diamine 0.75 1.0 —*Mobile phase:  Diluent that contains 1 mL of trifluoroacetic derivativeb

acid in each 1000 mL of solution
Levofloxacin 0.91 0.81 0.5Standard solution:  102.5 µg/mL of USP Levofloxacin RS in
relatedDiluent
compound Ac

Resolution solution:  102.5 µg/mL each of USP Levofloxacin
Levofloxacin 1.0 — —RS and USP Levofloxacin Related Compound A RS in Diluent
Levofloxacin 1.55 0.93 0.5Sample solution:  102.5 µg/mL of levofloxacin in Diluent
N-oxidedbased on label claim. [NOTE—Mix the solution well after equili-

brating the solution for 4 h at room temperature while pro- Any other — 1.0 0.2
tected from light.] individual

Chromatographic system impurity
(See Chromatography 〈621〉, System Suitability.) Total impurities — — 1.0
Mode:  LC a (S)-2,3-Dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-Detector:  UV 294 nm de][1,4]benzoxazine-6-carboxylic acid.Column:  4.6-mm × 15-cm; 3.5-µm packing L11 b (S)-9-Fluoro-2,3-dihydro-3-methyl-10-[2-(methylamino)ethylamino]-7-oxo-7H-Column temperature:  30° pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid.Flow rate:  0.7 mL/min c (S)-9-Fluoro-2,3-dihydro-3-methyl-10-(piperazin-1-yl)-7-oxo-7H-pyrido[1,2,3-Run time:  2.5 times the retention time of the levofloxacin de][1,4]benzoxazine-6-carbocylic acid.peak d (S)-4-(6-Carboxy-9-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-pyrido-[1,2,3-de]Injection size:  20 µL [1,4]benzoxazine-10-yl)-1-methylpiperazine 1-oxide.System suitability * Disregard this peak because this is a process impurity controlled for the drugSamples:  Standard solution and Resolution solution substance.Suitability requirements

Resolution:  NLT 1.9 between levofloxacin related com- SPECIFIC TESTS
pound A and levofloxacin, Resolution solution • MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-

Relative standard deviation:  NMT 2.0%, Standard solution CROORGANISMS 〈62〉:  The total aerobic microbial count does
Analysis not exceed 102 cfu/mL, and the total combined molds and
Samples:  Standard solution and Sample solution yeast count does not exceed 101 cfu/mL. It also meets the
Calculate the percentage of the labeled amount of requirement for absence of Escherichia coli.
C18H20FN3O4 in the portion of Oral Solution taken: • DELIVERABLE VOLUME 〈698〉:  Meets the requirements

• PH 〈791〉:  5.0–6.0
Result = (rU/rS) × (CS/CU) × 100

ADDITIONAL REQUIREMENTS
rU = peak response from the Sample solution • PACKAGING AND STORAGE:  Store at controlled room tempera-
rS = peak response from the Standard solution ture and protect from light.
CS = concentration of USP Levofloxacin RS in the • USP REFERENCE STANDARDS 〈11〉

Standard solution (mg/mL) USP Levofloxacin RS
CU = nominal concentration of levofloxacin in the 7H-Pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid, 9-

Sample solution (mg/mL) fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-
Acceptance criteria:  90.0%–110.0% oxo-hydrate (2:1), (S)-.

(−)-(S)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piper-
IMPURITIES azinyl)-7-oxo-7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carbox-
Organic Impurities ylic acid, hemihydrate.
• PROCEDURE Anhydrous.

[NOTE—Protect the solutions of levofloxacin from light.] C18H20FN3O4 · 1/2H2O 370.38
Diluent, Mobile phase, Standard solution, Resolution solu- USP Levofloxacin Related Compound A RS
tion, Sample solution, Chromatographic system, and Sys- (S)-9-Fluoro-2,3-dihydro-3-methyl-10-(piperazin-1-yl)-7-
tem suitability:  Proceed as directed in the Assay. oxo-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-carbocylic acid

Analysis C17H18FN3O4 347.34▲USP35
Samples:  Standard solution and Sample solution

Calculate the percentage of each individual impurity in the
portion of Oral Solution taken:

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

rU = peak response of each individual impurity from
the Sample solution
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BRIEFING • B.  The retention time of the major peak of the Sample solution
corresponds to that of the Standard solution, as obtained in
the Assay.

Loratadine Orally Disintegrating Tablets,  page 624 of PF ASSAY34(3) [May–June 2008]. On the basis of comments received, the [NOTE—Matrix effects have been observed that affect the extrac-following changes are proposed: tion of loratadine. Depending on the composition of the Tablet,1.  The Sample solution and Standard solution in the Thin-Layer use Assay, Procedure 1 or Procedure 2.]Chromatographic Identification Test are revised to be suitable • PROCEDURE 1for products of differing strengths and formulations. Buffer:  2.72 g/L of monobasic potassium phosphate in water.2.  The flexible monograph approach is used to indicate that Adjust with 5 N sodium hydroxide solution to a pH ofmanufacturers may perform either Procedure 1 or Procedure 6.50 ± 0.05, and filter.2 for the Assay and Organic Impurities, based on labeling Mobile phase:  Acetonitrile and Buffer (70:30)instructions and formulation. The proposed liquid chromat- Diluent:  Acetonitrile and Buffer (40:60)ographic procedures for Organic Impurities and Assay, Proce- Standard solution:  0.1 mg/mL of USP Loratadine RS in Mobiledure 2 are based on analyses performed with the YMC Ba- phasesic brand of L7 column. The typical retention time for Sample solution:  Transfer 10 Tablets into a 500-mL volumet-loratadine is 10–12 min. ric flask, add 400 mL of acetonitrile, and stir for 10 min. Soni-3.  The name of the specified impurity in Table 1 has been cate the solution for 10 min, and stir for another 10 min.changed to Loratadine related compound C. Dilute with acetonitrile to volume, and mix. Dilute an aliquot4.  The Standard solution in the Dissolution test is revised to be of the resulting solution with Diluent to obtain a solution hav-suitable for products of differing strengths. ing a concentration of about 0.1 mg/mL, based on the label5.  The Packaging and Storage section is revised to remove the claim. Pass a portion of this solution through a PVDF filter ofrequirement to store in a dry place. 0.45-µm pore size, and discard the first 5 mL of filtrate.6.  Some changes have been made to Procedure 1 for Assay Chromatographic systemand Organic Impurities to streamline the Suitability require- (See Chromatography 〈621〉, System Suitability.)ments and the preparation of the Sample solution. Mode:  LC7.  The USP Reference Standards section is revised to include Detector:  UV 254 nmUSP Loratadine Related Compounds A, B, and C, which are Column:  4.6-mm × 15-cm; 5-µm packing L1used to establish system suitability in the Assay and Organic Flow rate:  1.0 mL/minImpurities, Procedure 2. Injection size:  20 µL8.  Disintegration Test 2 is added. System suitability9.  A Labeling statement is included because the flexible mono- Sample:  Standard solutiongraph approach is applied, and a second Disintegration test Suitability requirementsis added. Column efficiency:  NLT 3000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

(SM4: M. Waddell, M. Marques.) RTS—C68914 Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of the labeled amount of loratadine
in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100Add the following:

rU = peak response of loratadine from the Sample solu-
tion

.

rS = peak response of loratadine from the Standard▲Loratadine Orally Disintegrating solutionTablets CS = concentration of USP Loratadine RS in the Stan-
dard solution (mg/mL)

DEFINITION CU = nominal concentration of loratadine in the Sam-
Loratadine Orally Disintegrating Tablets contain NLT 95.0% and ple solution (mg/mL)

NMT 105.0% of the labeled amount of loratadine Acceptance criteria:  95.0%–105.0%
(C22H23ClN2O2). • PROCEDURE 2

Buffer:  2.28 g/L of dibasic potassium phosphate trihydrate
IDENTIFICATION Mobile phase:  Methanol, acetonitrile, and Buffer (6:6:7), ad-
• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 justed with 10% phosphoric acid to an apparent pH of 7.2

Sample solution:  Transfer a portion of finely powdered Tab- Diluent:  Methanol and water (1:1)
lets, equivalent to 25 mg of loratadine into a 10-mL volumet- System suitability solution:  0.8 µg/mL each of USP
ric flask, add 8 mL of methanol, stir for 20 min, and dilute Loratadine Related Compound A RS, USP Loratadine Related
with methanol to volume. Centrifuge the sample, and use the Compound B RS, and USP Loratadine Related Compound C
clear solution for analysis.Transfer a portion of broken or finely RS in Diluent
powdered Tablets equivalent to 30 mg of loratadine into a Standard solution:  0.4 mg/mL of USP Loratadine RS in Dilu-
small container, add 10 mL of methanol, and stir for 20 min. ent.[NOTE—The solution may be sonicated for 5 min to aid in
Centrifuge the sample, and use the clear solution for analysis. dissolution.]

Standard solution:  2.5 3 mg/mL of USP Loratadine RS in Sample solution:  Transfer a number of Tablets into a 250-mL
methanol volumetric flask so that the final concentration is 0.4 mg/mL

Application volume:  10 µL based on the label claim. Add 50 mL of water and sonicate, if
Developing solvent system:  Chloroform, methanol, and am- necessary, to disperse the Tablets. Add 50 mL of methanol
monium hydroxide (95:5:1) and shake to dissolve. Dilute with Diluent to volume.

Analysis:  Proceed as directed in the chapter. Allow the plate Chromatographic system
to air-dry. Examine under short-wavelength UV light. (See Chromatography 〈621〉, System Suitability.)

Acceptance criteria:  The RF value of the principal spot from
the Sample solution corresponds to that from the Standard
solution.
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Mode:  LC • UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
Detector:  UV 254 nm

IMPURITIESColumn:  4.6-mm × 15-cm; 5-µm packing L7
Organic ImpuritiesFlow rate:  1.0 mL/min
• PROCEDURE 1Injection size:  15 µL for the Sample solution and Standard

[NOTE—Use Organic Impurities, Procedure 1 if Assay, Procedure 1solution; 50 µL for the System suitability solution
is used.]System suitability

Buffer, Mobile phase, and Diluent:  Proceed as directed inSamples:  System suitability solution and Standard solution
Assay, Procedure 1.[NOTE—The relative retention times for loratadine related

Standard solution:  0.5 µg/mL of USP Loratadine RS in Mo-compound A, loratadine related compound C, loratadine re-
bile phaselated compound B, and loratadine are about 0.26, 0.31,

System sensitivity solution:  0.05 µg/mL of USP Loratadine0.42, and 1.0, respectively.]
RS in Mobile phaseSuitability requirements

Sample solution:  Transfer 10 Tablets into a 500-mL volumet-Resolution:  NLT 1.2 between loratadine related compound
ric flask, add 400 mL of acetonitrile, and stir for about 10A and loratadine related compound C; NLT 1.2 between
min. Sonicate the solution for 10 min, and stir for another 10loratadine related compound C and loratadine related
min. Dilute with acetonitrile to volume, and mix. Dilute ancompound B, System suitability solution
aliquot of the resulting solution with Diluent to obtain a solu-Tailing factor:  NMT 2.0, Standard solution
tion having a concentration of about 0.1 mg/mL, based onRelative standard deviation:  NMT 2.0%, Standard solution
the label claim. Centrifuge the solution at 3000 rpm forAnalysis
about 10 min, and use the supernatant.Samples:  Standard solution and Sample solution

Chromatographic systemCalculate the percentage of the labeled amount of loratadine
(See Chromatography 〈621〉, System Suitability.)in the portion of Tablets taken:
Mode:  LC
Detector:  UV 254 nmResult = (rU/rS) × (CS/CU) × 100
Column:  4.6-mm × 15-cm; 5-µm packing L1

rU = peak response of loratadine from the Sample solu- Flow rate:  1.0 mL/min
tion Injection size:  50 µL

rS = peak response of loratadine from the Standard System suitability
solution Samples:  System sensitivity solution and Standard solution

CS = concentration of USP Loratadine RS in the Stan- Suitability requirements
dard solution (mg/mL) Signal-to-noise ratio:  NLT 10, System sensitivity solution

CU = nominal concentration of loratadine in the Sam- Calculate the Signal to noise ratio by:
ple solution (mg/mL)

Result = (2H)/hAcceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS H = is the measured height of the peak
• DISINTEGRATION 〈701〉 h = is the amplitude of the average measured base-

Test 1 line noise
Stage 1:  All 6 Tablets completely disintegrate in 1 min. Column efficiency:  NLT 3000 theoretical plates, Stan-
Stage 2:  NLT 16 of 18 Tablets completely disintegrate in 1 dard solution
min. Tailing factor:  NMT 2.0, Standard solution

Test 2:  If the product complies with this test, the labeling Relative standard deviation:  NMT 2.0%, Standard
indicates that it meets USP Disintegration Test 2. solution
Analysis:  Place a stainless steel wire clip on each Tablet to Analysis
prevent the Tablet from floating. Samples:  Standard solution and Sample solution

Acceptance criteria:  NMT 30 s Calculate the percentage of each impurity in the portion of
• DISSOLUTION 〈711〉 Tablets taken:

Medium:  Simulated gastric fluid without enzymes; 900 mL,
Result = (rU/rS) × (CS/CU) × (1/F) × 100deaerated

Apparatus 1:  50 rpm
rU = peak response of each impurity from the SampleTime:  6 min

solutionStandard solution:  0.01 mg/mL of USP Loratadine RS in
rS = peak response of loratadine from the StandardMediumPrepare a solution of USP Loratadine RS in Medium at

solutiona concentration similar to that expected in the Sample
CS = concentration of USP Loratadine RS in the Stan-solution.

dard solution (mg/mL)Sample solution:  Pass a portion of the solution under test
CU = nominal concentration of loratadine in the Sam-through a suitable 0.45-µm filter.

ple solution (mg/mL)Analysis
F = relative response factor (see Table 1)Detector:  UV 278 nm

Acceptance criteria:  See Table 1.Cell length:  1 cm
Blank:  Medium
Calculate the percentage of the labeled amount of loratadine Table 1
(C22H23ClN2O2) dissolved:

Relative Relative Acceptance
 Retention  Response  Criteria,Result = (AU/AS) × (CS) × (V/L) × 100

Name  Time  Factor  NMT (%)
AU = absorbance from the Sample solution 8-chloro-5, 6-
AS = absorbance from the Standard solution dihydro-11H-benzo-
CS = concentration of the Standard solution (mg/mL) [5,6]-cyclohepta-[1,2-
L = label claim (mg/Tablet) b]-pyridin-11-
V = volume of Medium, 900 mL oneLoratadine related

Tolerances:  NLT 80% (Q) of the labeled amount of loratadine compound C 0.5 0.64 0.2
is dissolved. Loratadine 1.0 — —
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Table 1 (Continued) Table 2 (Continued)

Relative Relative Acceptance Relative Relative Acceptance
 Retention  Response  Criteria,  Retention  Response  Criteria,

Name  Time  Factor  NMT (%) Name  Time  Factor  NMT (%)
Individual unspecified — 1.0 0.1 Unspecified impuritya 0.76 — —
impurity Loratadine 1.0 — —

Total impurities — — 0.3 Unspecified impuritya 1.5 — —
Individual unspecified — 1.0 0.1• PROCEDURE 2
impurity[NOTE—Use Organic Impurities, Procedure 2 if Assay, Procedure 2

Total impurities — — 0.1is used.]
a These impurities are controlled in the drug substance and are listed here forBuffer, Mobile phase, Diluent, Sample solution, and System
information only. These impurities are not included when determining totalsuitability solution:  Proceed as directed in Assay, Procedure
impurities.2.

Standard solution:  0.8 µg/mL of USP Loratadine RS in ADDITIONAL REQUIREMENTSDiluent • PACKAGING AND STORAGE:  Preserve in tight containers. StoreSystem sensitivity solution:  0.04 µg/mL of USP Loratadine between 20° and 25°in a dry place.RS in Diluent • LABELING:  The labeling states with which Organic ImpuritiesChromatographic system and Assay procedure the article complies, if other than Proce-(See Chromatography 〈621〉, System Suitability.) dure 1. When more than one Disintegration test is given, theMode:  LC labeling states the Disintegration test used only if Test 1 is notDetector:  UV 254 nm used.Column:  4.6-mm × 15-cm; 5-µm packing L7 • USP REFERENCE STANDARDS 〈11〉Flow rate:  1.0 mL/min USP Loratadine RSInjection size:  50 µL USP Loratadine Related Compound A RSSystem suitability 8-Chloro-6,11-dihydro-11-(4-piperidylidene)-5H-benzoSamples:  System suitability solution, Standard solution, and [5,6]cyclohepta[1,2-b]pyridine.System sensitivity solution C19H19ClN2 310.83[NOTE—The relative retention times for loratadine related USP Loratadine Related Compound B RScompound A, loratadine related compound C, loratadine 8-Chloro-6,11-dihydro-11-(N-methyl-4-piperidylidene)-5H-related compound B, and loratadine are about 0.26, 0.31, benzo[5,6]cyclohepta[1,2-b]pyridine.0.42, and 1.0, respectively.] C20H21ClN2 324.88Suitability requirements USP Loratadine Related Compound C RSResolution:  NLT 1.2 between loratadine related com- 8-Chloro-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-pound A and loratadine related compound C; NLT 1.2 b]pyridin-11-one.between loratadine related compound C and loratadine C14H10ClNO 243.69▲USP35related compound B, System suitability solution
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 4.0%, Standard
solution BRIEFING

Signal-to-noise ratio:  NLT 3.0, System sensitivity solution
Analysis
Samples:  Standard solution and Sample solution  Mercaptopurine,  USP 32 page 2890. As part of the USP mon-Calculate the percentage of each impurity in the portion of ograph modernization effort, it is proposed to make the follow-Tablets taken: ing changes:

1.  The Identification tests are revised to change test A to anResult = (rU/rS) × (CS/CU) × (1/F) × 100
Infrared Absorption 〈197K〉 test and to add a retention time
agreement as test B.rU = peak response of each impurity from the Sample

2.  The Assay titration procedure is replaced by a stability indi-solution
cating HPLC procedure. The proposed liquid chromato-rS = peak response of loratadine from the Standard
graphic procedure is based on analyses performed with asolution
Restek Ultra IBD, brand of L68 column. The typical reten-CS = concentration of USP Loratadine RS in the Stan-
tion time for mercaptopurine is about 3 min.dard solution (mg/mL)

3.  A test for Residue on Ignition 〈281〉 is added.CU = nominal concentration of loratadine in the Sam-
4.  A test for Organic Impurities is added. The proposed liquidple solution (mg/mL)

chromatographic procedure for this test is also based onF = relative response factor (see Table 2)
analyses performed with a Restek Ultra IBD, brand of L68Acceptance criteria:  See Table 2.
column. The typical retention time for mercaptopurine is
about 3 min.

Table 2 5.  Packaging and Storage is revised to be consistent with the
condition specified in the Drug Master File cited in the ap-Relative Relative Acceptance
proved ANDA. Retention  Response  Criteria,

6.  A new USP reference standard is used in the test for Or-Name  Time  Factor  NMT (%)
ganic Impurities.Loratadine related 0.26 0.9 0.1

compound A
Loratadine related 0.42 — —

(SM3: F. Mao.) RTS—C86379compound Ba

a These impurities are controlled in the drug substance and are listed here for
information only. These impurities are not included when determining total
impurities.
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. Standard solution:  0.02 mg/mL of USP Mercaptopurine RS in
Mobile phase, from the Standard stock solutionMercaptopurine

Sample stock solution:  Transfer 25 mg of Mercaptopurine
into a 50-mL volumetric flask. Add 25 mL of methanol, shake
mechanically for at least 45 min, and dilute with water to
volume. Transfer 20 mL of this solution into a 25-mL volumet-
ric flask and dilute with Mobile phase to volume.

 Sample solution:  0.02 mg/mL of Mercaptopurine in Mobile
phase, from the Sample stock solution

Chromatographic systemC5H4N4S · H2O 170.19
(See Chromatography 〈621〉, System Suitability.)C5H4N4S 152.18 Mode:  LC6H-Purine-6-thione, 1,7-dihydro-, monohydrate. Detector:  UV 325 nmPurine-6-thiol monohydrate [6112-76-1]. Column:  4.6-mm × 15-cm; 5-µm packing L68Anhydrous [50-44-2]. Flow rate:  1.0 mL/min
Injection size:  20 µLDEFINITION

System suitabilityMercaptopurine contains NLT 97.0% and NMT 102.0% of
Sample:  Standard solutionC5H4N4S, calculated on the anhydrous basis.
Suitability requirements

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

Analysis
Change to read: Samples:  Standard solution and Sample solution

Calculate the percentage of C5H4N4S in the portion of Mer-
captopurine taken:• A. ULTRAVIOLET ABSORPTION 〈197U〉▲INFRARED ABSORPTION

〈197K〉▲USP35 Result = (rU/rS) × (CS/CU) × 100Analytical wavelength:  325 nm
Sample solution:  5 µg/mL in 0.1 N hydrochloric acid rU = peak response from the Sample solution
Ratio:  A255/A325, does not exceed 0.06 rS = peak response from the Standard solution
Acceptance criteria:  Absorptivities, calculated on the anhy- CS = concentration of USP Mercaptopurine RS in the
drous basis, differ by NMT 3.0%. Standard solution (mg/mL)

▲
▲USP35 CU = concentration of Mercaptopurine in the Sample

solution (mg/mL)▲USP35

Acceptance criteria:  97.0%–102.0% on the anhydrous basisChange to read:

IMPURITIES
• B. PROCEDURE▲

▲USP35

Sample solution:  A solution of 600 mg in 6 mL of sodium Add the following:
hydroxide solution (1 in 33)

Analysis:  To the Sample solution add slowly, with shaking, 0.5
mL of methyl iodide. Allow the mixture to stand for 2 h at ▲Inorganic Impurities
room temperature, cool in an ice bath, and adjust with acetic • RESIDUE ON IGNITION 〈281〉:  NMT 0.1%▲USP35
acid to a pH of about 5. Collect the crystals, and recrystallize
from hot water.

Add the following:Acceptance criteria:  The methylmercaptopurine trihydrate so
obtained, dried at 120° for 30 min, melts between 218° and
222°, with decomposition. ▲Organic Impurities ▲The retention time of the major peak of the Sample solution • PROCEDUREcorresponds to that of the Standard solution, as obtained in Solution A and Mobile phase:  Proceed as directed in thethe Assay.▲USP35 Assay.

Standard stock solution A:  Use the Standard stock solutionASSAY
from the Assay.

Standard stock solution B:  0.026 mg/mL of USP Didanosine
Change to read: Related Compound A RS in a mixture of methanol and water

(1:1). Transfer USP Didanosine Related Compound A RS into
a suitable volumetric flask and add methanol equivalent to

• PROCEDURE 50% of the final volume. Shake mechanically to dissolve and
Sample solution:  300 mg of Mercaptopurine in 80 mL of dilute with water to volume.
dimethylformamide. Add 5 drops of a solution (1 in 100) of Standard solution:  4.0 µg/mL of USP Mercaptopurine RS in
thymol blue in dimethylformamide. Mobile phase, from Standard stock solution A

Analysis:  Titrate with 0.1 N sodium methoxide VS, using a System suitability solution:  4.0 µg/mL of USP Mer-
magnetic stirrer and taking precautions against absorption of captopurine RS and 0.1 µg/mL of USP Didanosine Related
atmospheric carbon dioxide. Perform a blank determination Compound A RS in Mobile phase, from Standard stock solu-
(see Titrimetry 〈541〉). Each mL of 0.1 N sodium methoxide is tion A and Standard stock solution B
equivalent to 15.22 mg of C5H4N4S. Sensitivity solution:  0.2 µg/mL of USP Mercaptopurine RS in

▲Solution A:  0.77 g/L of ammonium acetate in water Mobile phase, from the Standard solution
Mobile phase:  Methanol and Solution A (25:75) Sample solution:  Transfer 20 mg of Mercaptopurine into a
Standard stock solution:  0.2 mg/mL of USP Mercaptopurine 50-mL volumetric flask. Add 12.5 mL of methanol, shake
RS in the mixture of methanol and water (1:1). Transfer USP mechanically to dissolve, and dilute with water to volume.
Mercaptopurine RS into a suitable volumetric flask and add Chromatographic system
methanol equivalent to 50% of the final volume. Shake (See Chromatography 〈621〉, System Suitability.)
mechanically to dissolve, and dilute with water to volume.
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Mode:  LC Blank:  Add 2 mL of 15 N sulfuric acid to a large test tube,
Detector:  UV 260 nm periodically adding nitric acid, dropwise and with caution.
Column:  4.6-mm × 15-cm; 5-µm packing L68 Continue heating until practically all of the liquid has evapo-
Flow rate:  1.0 mL/min rated and the residue is colorless. Transfer the residue, with
Injection size:  50 µL the aid of small portions of water, to a 25-mL volumetric flask,
Run time:  NLT 7 times the retention time of the mer- add 1 mL of 15 N sulfuric acid, 0.5 mL of nitric acid, 0.75 mL
captopurine peak of ammonium molybdate TS, and 1 mL of aminonaphthol-

System suitability sulfonic acid TS, then dilute with water to volume. Allow to
Samples:  System suitability solution, Standard solution, and stand for 5 min.
Sensitivity solution Instrumental conditions

Suitability requirements (See Spectrophotometry and Light-Scattering 〈851〉.)
Resolution:  NLT 3.0 between the mercaptopurine and Mode:  UV-Vis
didanosine related compound A peaks, System suitability Analytical wavelength:  750 nm
solution Analysis

Relative standard deviation:  NMT 2.0%, mercaptopurine Samples:  Standard solution, Sample solution, and Blank
peak, System suitability solution Acceptance criteria:  The absorbance of the Sample solution is

Tailing factor:  NMT 2.0, Standard solution NMT that of the Standard solution (NMT 100 ppm).
Signal-to-noise ratio:  NLT 10, Sensitivity solution • WATER DETERMINATION, Method I 〈921〉:  NMT 12.0%

Analysis
ADDITIONAL REQUIREMENTSSample:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of
Mercaptopurine taken: Change to read:

Result = (rU/rS) × (CS/CU) × (1/F) × 100
• PACKAGING AND STORAGE:  Preserve in well-closed containers.

rU = peak response of each impurity from the Sample ▲Preserve in tight containers, protected from light. Store at
solution room temperature.▲USP35

rS = peak response of mercaptopurine from the Stan-
dard solution

Change to read:CS = concentration of Mercaptopurine in the Standard
solution (mg/mL)

CU = concentration of Mercaptopurine in the Sample
• USP REFERENCE STANDARDS 〈11〉solution (mg/mL)

USP Mercaptopurine RSF = relative response factor for each individual impu-
▲USP Didanosine Related Compound A RSrity (see Table 1)
Hypoxanthine.Acceptance criteria:  See Table 1. [NOTE—Disregard any im-
C5H4N4O 136.11▲USP35purity peak less than 0.05%.]

Table 1
BRIEFINGRelative Relative Acceptance

Retention Response Criteria,
Name Time Factor NMT (%)

Mercaptopurine Tablets,  USP 32 page 2890 and page R-934Didanosine related com-
of the First Supplement to the USP 33–NF 28 Reissue. As part ofpound Aa 0.80 7.1 0.15
the USP monograph modernization effort, it is proposed to

Mercaptopurine 1.00 — — make the following changes:
Mercaptopurine disulfideb 5.14 2.9 0.15 1.  The Sample solution in Identification test A is revised to
Any unspecified impurity — 1.0 0.10 match the revision in the Assay.

2.  Identification test B is revised to replace the melting rangeTotal impurities — — 0.5
test with an HPLC retention time agreement.a Hypoxanthine.

3.  The UV Assay is replaced by a stability indicating HPLCb 1,2-di(9H-Purin-6-yl)disulfane.
procedure. The proposed liquid chromatographic proce- 
dure is based on analyses performed with a YMC-Pack

▲USP35 ODS-AQ, brand of L1 column. The typical retention time
for mercaptopurine is about 3.5 min.

SPECIFIC TESTS 4.  A test for Organic Impurities is added. The proposed liquid• PHOSPHORUS chromatographic procedure for this test is also based on
Standard phosphate solution:  43.96 µg/mL of dried mono- analyses performed with a YMC-Pack ODS-AQ, brand of L1
basic potassium phosphate (equivalent to 10 µg of P) column. The typical retention time for mercaptopurine is

Standard solution:  Add 2 mL of Standard phosphate solution about 6.3 min.
to a 25-mL volumetric flask, add 1 mL of 15 N sulfuric acid,
0.5 mL of nitric acid, 0.75 mL of ammonium molybdate TS,
and 1 mL of aminonaphtholsulfonic acid TS, then dilute with

(SM3: F. Mao.) RTS—C86379water to volume, and mix. Allow to stand for 5 min.
Sample solution:  Digest 200 mg with 2 mL of 15 N sulfuric
acid in a large test tube, periodically adding nitric acid,
dropwise and with caution. Continue heating until practically

.all of the liquid has evaporated and the residue is colorless.
Mercaptopurine TabletsTransfer the residue, with the aid of small portions of water, to

a 25-mL volumetric flask. Add 1 mL of 15 N sulfuric acid, 0.5
mL of nitric acid, 0.75 mL of ammonium molybdate TS, and 1 DEFINITION
mL of aminonaphtholsulfonic acid TS, then dilute with water Mercaptopurine Tablets contain NLT 93.0% and NMT 110.0% of
to volume. Allow to stand for 5 min. the labeled amount of mercaptopurine (C5H4N4S · H2O).
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IDENTIFICATION Mr1 = molecular weight of mercaptopurine monohy-
drate, 170.19

Mr2 = molecular weight of mercaptopurine, 152.18Change to read: ▲Solution A:  0.77 g/L of ammonium acetate in water
Solution B:  Methanol and Solution A (5:95)
Solution C:  Methanol and Solution A (30:70)• A.  The UV absorption spectrum exhibits a maximum at
Mobile phase:  Solution B and Solution C (80:20)325 ± 2 nm, and the ratio A255/A325 does not exceed 0.09.
Diluent:  Methanol and water (1:1)Sample:  Use Sample solution in the Assay
Standard solution:  0.25 mg/mL of USP Mercaptopurine RS in▲5 µg/mL of mercaptopurine in a mixture of methanol and
a mixture of methanol and water (1:1). Transfer USP Mer-water (1:1), from the Sample solution in the Assay▲USP35
captopurine RS into a suitable volumetric flask and add meth-
anol equivalent to 50% of the final volume. Shake mechani-

Change to read: cally to dissolve and dilute with water to volume.
Sample stock solution:  0.5 mg/mL of mercaptopurine in Dilu-
ent from NLT 5 Tablets. Place the Tablets into a suitable volu-

• B. PROCEDURE metric flask, add methanol equivalent to 50% of the final vol-
Sample:  A quantity of finely powdered Tablets, equivalent to ume and shake mechanically for a minimum of 30 min. Dilute
600 mg of mercaptopurine with water to volume. Pass through a PVDF filter of 0.45-µm

Analysis:  Triturate the Sample with three 25-mL portions of pore size, and discard the first 3 mL of filtrate.
hot alcohol. Filter the hot alcohol extracts, and evaporate the Sample solution:  0.25 mg/mL of mercaptopurine in Diluent,
filtrate on a steam bath to dryness. Add to the residue 5 mL from the Sample stock solution
of sodium hydroxide solution (1 in 33), agitate well, filter, and Chromatographic system
add slowly, with shaking, 0.5 mL of methyl iodide. Allow the (See Chromatography 〈621〉, System Suitability.)
mixture to stand for 2 h at room temperature, cool in an ice Mode:  LC
bath, and adjust with acetic acid to a pH of about 5. Collect Detector:  UV 260 nm
the crystals, and recrystallize from hot water. Column:  4.6-mm × 10-cm; 3-µm packing L1

Acceptance criteria:  The methylmercaptopurine trihydrate, Column temperature:  30°
dried at 120° for 30 min, melts between 218° and 222° with Flow rate:  1.0 mL/min
decomposition. Injection size:  10 µL
▲The retention time of the major peak of the Sample solution System suitability
corresponds to that of the Standard solution, as obtained in Sample:  Standard solution
the Assay.▲USP35 Suitability requirements

Tailing factor:  NMT 2.0ASSAY Relative standard deviation:  NMT 2.0%
Analysis

Change to read: Samples:  Standard solution and Sample solution
Calculate the percentage of mercaptopurine (C5H4N4S · H2O)
in the portion of Tablets taken:

• PROCEDURE
Standard solution:  Dissolve USP Mercaptopurine RS in a mix- Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
ture of 10 mL of water and 1 mL of 1 N sodium hydroxide
contained in a 100-mL volumetric flask, and dilute with water rU = peak response from the Sample solution
to volume. Further dilute with 0.1 N hydrochloric acid to ob- rS = peak response from the Standard solution
tain a final concentration of 5 µg/mL of mercaptopurine. CS = concentration of USP Mercaptopurine RS in the

Sample solution:  Transfer an equivalent of 50 mg of mer- Standard solution (mg/mL)
captopurine from finely powdered Tablets (NLT 20), to a 100- CU = nominal concentration of mercaptopurine in the
mL volumetric flask. Add 20 mL of water and 1.5 mL of 1 N Sample solution (mg/mL)
sodium hydroxide, and swirl for NMT 5 min. Dilute with Mr1 = molecular weight of mercaptopurine, 170.19
water to volume, and filter, discarding the first 20 mL of the Mr2 = molecular weight of anhydrous mercaptopurine,
filtrate. Further dilute with 0.1 N hydrochloric acid to obtain a 152.18▲USP35

final concentration of 5 µg/mL of mercaptopurine. Acceptance criteria:  93.0%–110.0%
Spectrometric conditions

PERFORMANCE TESTS(See Spectrophotometry and Light-Scattering 〈851〉.)
Mode:  UV-Vis
Analytical wavelength:  Maximum at about 325 nm Change to read:
Cell:  1 cm
Blank:  0.1 N hydrochloric acid

Analysis • DISSOLUTION 〈711〉
Samples:  Standard solution, Sample solution, and Blank Test 1
Calculate the percentage of C5H4N4S · H2O in the portion of Medium:  0.1 N hydrochloric acid; 900 mL
Tablets taken: Apparatus 2:  50 rpm

Time:  60 min
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100 Mobile phase:  0.1% acetic acid in water

Standard solution:  USP Mercaptopurine RS in Medium
AU = absorbance of the Sample solution Sample solution:  Pass a portion of the solution under test
AS = absorbance of the Standard solution through a suitable filter. Dilute with Medium to a concentra-
CS = concentration of USP Mercaptopurine RS in the tion that is similar to the Standard solution, if necessary.

Standard solution (µg/mL) Chromatographic system
CU = nominal concentration of mercaptopurine in the (See Chromatography 〈621〉, System Suitability.)

Sample solution (mg/mL)
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Mode:  LC Mode:  LC
Detector:  UV 230 nm Detector:  UV 260 nm
Column:  3.9-mm × 15-cm; packing L1 Column:  4.6-mm × 10-cm; 3-µm packing L1
Flow rate:  2.5 mL/min Column temperature:  30°
Injection size:  10 µL Sample temperature:  4°

System suitability Flow rate:  1.0 mL/min
Sample:  Standard solution Injection size:  50 µL

[NOTE—The retention time for mercaptopurine is NLT 4 min.] System suitability
Suitability requirements Samples:  Standard solution and Sensitivity solution
Relative standard deviation:  NMT 2.0% Suitability requirements

Analysis Relative standard deviation:  NMT 2.0%, Standard
Samples:  Standard solution and Sample solution solution

Tolerances:  NLT 80% (Q) of the labeled amount of C5H4N4S Tailing factor:  NMT 2.0, Standard solution
is dissolved. Signal-to-noise ratio:  NLT 10, Sensitivity solution

Test 2:  If the product complies with this test, the labeling Analysis
indicates that it meets USP Dissolution Test 2. Sample:  Standard solution and Sample solution
Medium, Apparatus 2, Chromatographic system, and Anal- Calculate the percentage of each impurity in the portion of
ysis:  Proceed as directed for Test 1. mercaptopurine taken:

Time:  120 min
Result = (rU/rS) × (CS/CU) × (1/F) × 100Tolerances  NLT 80% (Q) of the labeled amount of C5H4N4S• · H2O•(RB 1-Dec-2009) is dissolved.

rU = peak response of each impurity from the Sample• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirements
solution

IMPURITIES rS = peak response of mercaptopurine from the Stan-
dard solution

CS = concentration of mercaptopurine in the StandardAdd the following: solution (mg/mL)
CU = nominal concentration of mercaptopurine in the

Sample solution (mg/mL)▲Organic Impurities
F = relative response factor for each individual impu-• PROCEDURE

rity (see Table 2)Solution A:  0.1% (v/v) Formic acid in water
Acceptance criteriaSolution B:  Methanol and Solution A (2:98)

Individual impurities:  See Table 2. [NOTE—Disregard anySolution C:  Methanol and Solution A (1:1)
impurity peak less than 0.05%.]Mobile phase:  See Table 1.

Table 2Table 1

Relative Relative AcceptanceTime Solution B Solution C
Retention Response Criteria,(min) (%) (%)

Name Time Factor NMT (%)
0 100 0

Didanosine related com-
8 100 0

pound Aa 0.54 6.3 0.3
20 0 100

Mercaptopurine 1.00 — —
25 0 100

Mercaptopurine disulfideb 2.90 4.4 0.4
27 100 0

Any unspecified impurity — 1.0 0.2
30 100 0

Total impurities — — 0.6
a Hypoxanthine.Standard stock solution:  0.06 mg/mL of USP Mer-
b 1,2-di(9H-Purin-6-yl)disulfane.captopurine RS in Solution A. [NOTE—Use methanol equiva-
 lent to 2.5% of the final volume to aid dissolution.]

Standard solution:  1.2 µg/mL of USP Mercaptopurine RS in
▲USP35Solution B, from the Standard stock solution

Sensitivity solution:  0.06 µg/mL of USP Mercaptopurine RS ADDITIONAL REQUIREMENTS
in Solution B, from the Standard solution • PACKAGING AND STORAGE:  Preserve in well-closed containers.

Sample stock solution:  0.5 mg/mL of mercaptopurine in a • LABELING:  When more than one Dissolution test is given, the
mixture of methanol and Solution A (1:9) from NLT 5 Tablets. labeling states the Dissolution test used only if Test 1 is not
Place the Tablets into a suitable volumetric flask, add metha- used.
nol equivalent to 10% of the final volume, and shake • USP REFERENCE STANDARDS 〈11〉
mechanically for a minimum of 30 min. Dilute with water to USP Mercaptopurine RS
volume. Pass through a PVDF filter of 0.45-µm pore size, and
discard the first 3 mL of filtrate.

Sample solution:  0.12 mg/mL of mercaptopurine in Solution
A. Transfer 6.0 mL of the Sample stock solution into a 25-mL BRIEFING
volumetric flask and dilute with Solution A to volume. Pass
through a PVDF filter of 0.45-µm pore size, and discard the
first 5 mL of filtrate. Morphine Sulfate Extended-Release Tablets,  page 1164 of

[NOTE—Inject the Sample solution within 1 h of preparation.] PF 35(5). It is proposed to make some corrections to Dissolution
Chromatographic system Test 1 and to add Dissolution Test 2. The chromatographic proce-
(See Chromatography 〈621〉, System Suitability.) dure in Dissolution Test 2 was validated using an XTerra MS C18

brand of packing L1.

(SM2:  M. Marques.) RTS—C89515
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Mode:  LCAdd the following:
Detector:  UV 240 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

. Flow rate:  1.2 mL/min
Injection size:  20 µL■Morphine Sulfate Extended-Release

System suitabilityTablets Sample:  Standard solution
Suitability requirementsDEFINITION Tailing factor:  NMT 2.0 for the morphine sulfate peakMorphine Sulfate Extended-Release Tablets contain NLT 90.0% Resolution:  NLT 2 between any two major peaksand NMT 110.0% of the labeled amount of morphine sulfate Relative standard deviation:  NMT 2.0% for morphine sul-[(C17H19NO3)2 · H2SO4 · 5H2O]. fate from replicate injections

AnalysisIDENTIFICATION
Samples:  Standard solution and Sample solution• A. IDENTIFICATION TESTS—GENERAL, Sulfate 〈191〉
Calculate the percentage of the labeled amount of morphineAnalysis:  Triturate a portion of the composite powder from
sulfate [(C17H19NO3)2 · H2SO4 · 5H2O] in the portion of Tab-the Assay equivalent to about 250 mg of morphine sulfate
lets taken:with 25 mL of alcohol, sonicate for 10 min, and centrifuge the

mixture. Decant the supernatant through a glass-fiber filter. Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100Wash the residue with 15 mL of alcohol, centrifuge, and de-
cant the supernatant through the same filter. Evaporate the rU = peak response from the Sample solutioncombined filtrates to dryness, digest the residue in 10 mL of rS = peak response from the Standard solutionwarm water, and pass through another glass-fiber filter. CS = concentration of morphine sulfate, calculated onAcceptance criteria:  The filtrate (1-mL portions) meets the the anhydrous basis, in the Standard solutionrequirements. (mg/mL)• B.  The retention time of the major peak of the Sample solution CU = nominal concentration of morphine sulfate incorresponds to that of the Standard solution, as obtained in the Sample solution (mg/mL)the Assay. Mr1 = molecular weight of morphine sulfate, 758.83

Mr2 = molecular weight of anhydrous morphine sulfate,ASSAY
668.77• PROCEDURE

Acceptance criteria:  90.0%–110.0%Buffer:  20.8 mg/mL of monobasic sodium phosphate and
0.87 mg/mL of sodium octanesulfonate in water PERFORMANCE TESTSMobile phase:  Methanol, triethylamine, and Buffer
(150:1:350). Adjust with phosphoric acid to a pH of 4.5. Pass
through a polyvinylidene fluoride membrane filter of 0.45-µm Change to read:
pore size.

Solvent:  Methanol and water (19:1)
• DRUG RELEASE 〈724〉▲DISSOLUTION 〈711〉Diluent:  Methanol and water (1:1)

Test 1▲USP35Standard stock solution A:  0.06 mg/mL of USP Morphine
Medium:  Water; 500 mLSulfate Related Compound A RS in Mobile phase
Apparatus 1:  100 rpmStandard stock solution B:  Dissolve a quantity of USP Mor-
Times:  2, 4, and 8 hphine Sulfate Related Compound B RS in a suitable quantity of
Standard solution:  30 µg/mL of USP Morphine Sulfate RS in0.1 N sodium hydroxide, and dilute quantitatively, and step-
Mediumwise if necessary, with Mobile phase to obtain a solution hav-

Sample solution:  Pass a portion of the solution under testing a known concentration of about 0.06 mg/mL.
through a suitable filter, and discard the first few mL. ReplaceStandard solution:  Weigh a quantity of USP Morphine Sulfate
the volume withdrawn with the same volume of warmedRS, and measure quantities of Standard stock solution A and
Medium.Standard stock solution B. Dissolve in Mobile phase to obtain a

Detector:  UV 286 nmsolution having known concentrations of about 0.12 mg/mL
Blank:  Mediumof morphine sulfate, and about 2.4 µg/mL each of morphine
Calculate the percentage of morphine sulfate dissolved at 2 h:sulfate related compound A and morphine sulfate related

compound B. Mix well, and pass through a polyvinylidene
Result = (AU2/AS) × (CS × V) × 100/Lfluoride membrane filter of 0.45-µm pore size. Discard the first

3 mL of solution. Calculate the percentage of morphine sulfate dissolved at 4 h:Sample solution:  Weigh and finely powder NLT 20 Tablets.
Transfer a portion of the powder, equivalent to about 30 mg  (AU4/AS) × (CS × V) × 100 + A/Lof morphine sulfate, to a 100-mL volumetric flask. Add about
20 mL of Solvent, and gently swirl to disperse. Allow to stand
for 5 min. Add, while swirling, 50 mL of Diluent. Sonicate for ▲Result = [(AU4/AS) × (CS × V) + A] × 100/L▲USP35
at least 5 min, and shake mechanically for at least 30 min.
Dilute with Diluent to volume, mix, and then transfer 4.0-mL Calculate the percentage of morphine sulfate dissolved at 8 h:
into a 10.0-mL volumetric flask. Dilute with Mobile phase to
volume, and mix. Pass through a polyvinylidene fluoride (AU8/AS) × (CS × V) × 100 + A + B/L
membrane filter of 0.45-µm pore size. Discard the first 3 mL.

Chromatographic system
▲Result = [(AU8/AS) × (CS × V) + A + B] × 100/L▲USP35(See Chromatography 〈621〉, System Suitability.)

Calculate the amount of morphine sulfate (mg) removed at 2 h
(A):

A = AU2/AS × CS × V2

Calculate the amount of morphine sulfate (mg) removed at 4 h
(B):

B = AU4/AS × CS × V4
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AU2 = absorbance of the Sample solution at 2 h Calculate the percentage of morphine sulfate dissolved at 6 h:
AU4 = absorbance of the Sample solution at 4 h

Result = [(rU/rS) × CS × (V − VT) + (C1 × V1) + (C2 × V2)] ×AU8 = absorbance of the Sample solution at 8 h
100/LAS = absorbance of the Standard solution

CS = concentration of the Standard solution (mg/mL)
rU = peak response from the Sample solutionV = volume of morphine sulfate, 500 mL
rS = peak response from the Standard solutionL = Tablet label claim (mg)
CS = concentration of the Standard solution (mg/mL)V2 = volume of sample withdrawn at 2 h (mL)
C1 = concentration of the Sample solution at 1 hV4 = volume of sample withdrawn at 4 h (mL)
C2 = concentration of the Sample solution at 2 hTolerances:  See Table 1.
V = volume of Medium, 900 mL
VT = total volume of sample withdrawn (mL)

Table 1 L = Tablet label claim (mg)
V1 = volume of sample withdrawn at 1 hTime (h) Amount Dissolved
V2 = volume of sample withdrawn at 2 h2 30%–50%

Tolerances:  See Table 3.
4 50%–70%
8 NLT 75%

Table 3
The percentages of the labeled amount of morphine sulfate Time (h) Amount Dissolved[(C17H19NO3)2 · H2SO4 · 5H2O] dissolved at the times speci-

1 25%–40%fied conform to Acceptance Table 2 in <711>.
2 40%–60%▲Test 2:  If the product complies with this test, the labeling
6 NLT 75%indicates that it meets USP Dissolution Test 2.

For Tablets labeled to contain 15, 30, or 60 mg:
The percentages of the labeled amount of morphine sulfateMedium:  Water; 900 mL, deaerated
[(C17H19NO3)2 · H2SO4 · 5H2O] dissolved at the times speci-Apparatus 1:  50 rpm
fied conform to Acceptance Table 2 in <711>.Times:  1, 2, and 6 h

For Tablets labeled to contain 100 or 200 mg:Buffer solution:  1.08 g/L of 1-octanesulfonic acid sodium
Medium:  Simulated gastric fluid without enzyme; 900 mL,salt and 2.0 g/L of monobasic potassium phosphate in water
deaeratedMobile phase:  Acetonitrile and Buffer solution (22:78)

Apparatus 1:  50 rpmStandard stock solution:  0.4 mg/mL of USP Morphine Sul-
Times:  1, 3, and 9 hfate RS in Medium
Buffer solution:  1.08 g/L of 1-octanesulfonic acid sodiumStandard solution:  Prepare the solutions according to Table
salt and 2.0 g/L of monobasic potassium phosphate in water.2.
Adjust the pH to 2.1 ± 0.1 with phosphoric acid.

Mobile phase:  Acetonitrile and Buffer solution (15:85)
Table 2 Standard stock solution:  0.4 mg/mL of USP Morphine Sul-

fate RS in waterVolume of
Standard solution:  Prepare the solutions in Medium accord-Tablet Label Standard Volumetric
ing to Table 4.Claim stock solution Flask Concentration

(mg) (mL) (mL) (mg/mL)
Table 415 5.0 200 0.01

30 5.0 100 0.02 Volume of
60 10.0 100 0.04 Tablet Label Standard Volumetric

Claim stock solution Flask ConcentrationSample solution:   Pass a portion of the solution under test (mg) (mL) (mL) (mg/mL)through a suitable filter.
100 7.0 50 0.056Chromatographic system
200 7.0 25 0.112(See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Sample solution:   Pass a portion of the solution under testDetector:  UV 285 nm
through a suitable filter.Column:  4.6-mm × 15-cm; 3.5-µm packing L1

Chromatographic systemColumn temperature:  30°
(See Chromatography 〈621〉, System Suitability.)Flow rate:  1.0 mL/min
Mode:  LCInjection size:  10 µL
Detector:  UV 285 nmSystem suitability
Column:  4.6-mm × 15-cm; 3.5-µm packing L1Sample:  Standard solution
Column temperature:  45°Suitability requirements
Flow rate:  1.5 mL/minTailing factor:  0.7–2.0
Injection size:  5 µLColumn efficiency:  NLT 1000 theoretical plates

System suitabilityRelative standard deviation:  NMT 3.0%
Sample:  Standard solutionAnalysis
Suitability requirementsSamples:  Standard solution and Sample solution
Tailing factor:  0.7–2.0Calculate the percentage of the labeled amount of mor-
Column efficiency:  NLT 1000 theoretical platesphine sulfate [(C17H19NO3)2 · H2SO4 · 5H2O] dissolved at 1
Relative standard deviation:  NMT 2.0%h:

Analysis
Samples:  Standard solution and Sample solutionResult = (rU/rS) × (CS/L) × V × 100
Calculate the percentage of the labeled amount of mor-
phine sulfate [(C17H19NO3)2 · H2SO4 · 5H2O] dissolved at 1Calculate the percentage of morphine sulfate dissolved at 2 h:
h:

Result = [(rU/rS) × CS × (V − VT) + (C1 × V1)] × 100/L
Result = (rU/rS) × (CS/L) × V × 100

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1559

Calculate the percentage of morphine sulfate dissolved at 3 h: CS = concentration of the related compound in the
Standard solution (mg/mL)

Result = [(rU/rS) × CS × (V − VT) + (C1 × V1)] × 100/L CU = concentration of morphine sulfate in the Sample
solution (mg/mL)

Calculate the percentage of morphine sulfate dissolved at 9 h: Acceptance criteria
Individual impurities:  See Table 6.

Result = [(rU/rS) × CS × (V − VT) + (C1 × V1) + (C3 × V3)] ×
100/L

Table 6
rU = peak response from the Sample solution Relative AcceptancerS = peak response from the Standard solution Retention Criteria,CS = concentration of the Standard solution (mg/mL) Name Time NMT (%)C1 = concentration of the Sample solution at 1 h

Morphine sulfate related compound Aa 0.8 0.5C3 = concentration of the Sample solution at 3 h
Morphine sulfate 1.0 —V = volume of Medium, 900 mL
Morphine sulfate related compound Bb 1.4 0.5VT = total volume of sample withdrawn (mL)

L = Tablet label claim (mg) a 7,8-Didehydro-4,5α-epoxy-17-methylmorphinan-3,6α-diol, N-oxide.
V1 = volume of sample withdrawn at 1 h b 2,2’-Bimorphine.
V3 = volume of sample withdrawn at 3 h

ADDITIONAL REQUIREMENTSTolerances:  See Table 5.
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-

tainers at or below room temperature.
Table 5

Amount Dissolved Add the following:
100-mg Tablet 200-mg TabletTime (h)

1 25%–38% 20%–40%
▲• LABELING:   When more than one Dissolution test is given, the3 53%–67% 45%–65% labeling states the Dissolution test used only if Test 1 is not

9 NLT 85% NLT 80% used.▲USP35

• USP REFERENCE STANDARDS 〈11〉The percentages of the labeled amount of morphine sulfate USP Morphine Sulfate RS[(C17H19NO3)2 · H2SO4 · 5H2O] dissolved at the times speci- 7,8-Didehydro-4,5α-epoxy-17-methylmorphinan-3,6α-diolfied conform to Acceptance Table 2 in <711>.▲USP35 sulfate (2:1) (salt) pentahydrate.• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements (C17H19NO3)2 · H2SO4 · 5H2O 758.83
USP Morphine Related Compound A RSIMPURITIES
7,8-Didehydro-4,5α-epoxy-17-methylmorphinan-3,6α-diol, N-Organic Impurities
oxide.• PROCEDURE

C17H19NO4 301.34Buffer, Mobile phase, Solvent, Diluent, Standard stock so-
USP Morphine Related Compound B RSlution A, Standard stock solution B, Standard solution,
2,2′-Bimorphine.Sample solution, and Chromatographic system:  Proceed
C34H36N2O6 568.66■1S (USP34)as directed in the Assay.

System suitability
Sample:  Standard solution
Suitability requirements

BRIEFINGTailing factor:  NMT 2.0 for each major peak
Resolution:  NLT 2 between any two major peaks
Relative standard deviation:  NMT 2.0% for morphine

Octreotide Acetate.  Because there is no existing USP mono-sulfate from replicate injections; NMT 3.0% for morphine
graph for this drug substance, a new monograph based on asulfate related compound A and morphine sulfate related
validated methods of analyses is proposed. The liquid chromato-compound B from replicate injections
graphic procedure in the Assay and in Organic Impurities, Proce-Analysis
dure 1 is based on analyses performed with the PhenomenexSamples:  Standard solution and Sample solution
Synergi Max-RP column. The gas chromatography procedure forCalculate the percentage of each impurity in the portion of
the Organic Impurities, Procedure 3 is based on analyses per-Tablets taken:
formed with the Supelco PTA-5 column.

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of each individual impurity from (BIO1: T. Sigambris.) RTS—C87597the Sample solution
rS = peak response of the individual impurity from

the Standard solution
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Column temperature:  40°Add the following:
Flow rate:  1 mL/min
Injection size:  10 µL

. System suitability
Sample:  System suitability solution▲Octreotide Acetate
[NOTE—The retention times for the octreotide and non-cyclic
octreotide marker in the System suitability solution are about
16.5 and 18.5 min, respectively.]

Suitability requirements
Resolution:   NLT 2.0 between octreotide acetate and non-
cyclic octreotide marker

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C49H66N10O10S2 in the portion of
Octreotide Acetate taken:

Result = (rU/rS) × [(CS × P)/(CU × (100 − W − Ac))] × 100

rU = peak response from the Sample solution
C49H66N10O10S2 · xC2H4O2 rS = peak response from the Standard solution
L-Cysteinamide, D-phenylalanyl-L-cysteinyl-L-phenylalanyl-D- CS = concentration of USP Octreotide Acetate RS in

tryptophyl-L-lysyl-L-threonyl-N-[2-hydroxy-1-(hydroxymethyl- the Standard solution (mg/mL)
)propyl]-, cyclic (2→7)-disulfide, [R-(R*,R*)]-, acetate (salt); P = purity factor of USP Octreotide Acetate RS (%)

D-Phenylalanyl-L-cysteinyl-L-phenylalanyl-D-tryptophyl-L-lysyl-L-thre- CU = nominal concentration of Octreotide Acetate in
onyl-N-[(1R,2R)-2-hydroxy-1-(hydroxymethyl)propyl]-L-cys- the Sample solution (mg/mL)
teinamide cyclic (2→7)-disulfide acetate (salt); W = water content in Octreotide Acetate sample (%)

D-Phenylalanyl-L-hemicystyl-L-phenylalanyl-D-tryptophyl-L-lysyl-L- Ac = acetic acid content in Octreotide Acetate sample
threonyl-L-hemicystyl-L-threoninol cyclic (2→7)-disulfide acetate (%)
(salt).  [79517-01-4]. Acceptance criteria:  95.0%–105.0% on the anhydrous, acetic

acid-free basisDEFINITION
Octreotide Acetate is a long-acting synthetic octapeptide with IMPURITIES

pharmacologic properties mimicking those of the natural hor- Organic Impurities
mone somatostatin. It contains NLT 95.0% and NMT 105.0% • PROCEDURE 1: LIMIT OF OCTREOTIDE ACETATE RELATED COMPOUNDS
of Octreotide (C49H66N10O10S2), calculated on the anhydrous, Solution A, Solution B, Mobile phase, System suitability so-
acetic acid-free basis. lution, Sample solution, Chromatographic system, and

System suitability:  Proceed as directed in the Assay.IDENTIFICATION Analysis• A. INFRARED ABSORPTION 〈197K〉 Sample:  Sample solution• B.  The retention time of the major peak of the Sample solution Calculate the percentage of each impurity taken, disregard-corresponds to that of the Standard solution, as obtained in ing any peak with a retention time of less than 5 min, andthe Assay. any peak with an area less than 0.1% of the main peak:
ASSAY

Result = (rI/rT) × 100• PROCEDURE
Solution A:  0.02 % (v/v) of trifluoroacetic acid in water, rI = peak response of each individual peak otherfiltered, and degassed than the solvent peak and the main OctreotideSolution B:  Acetonitrile Acetate peakMobile phase:  See the gradient table below. rT = sum of the responses of all the peaks, excluding

that of the solvent peak
Time Solution A Solution B Acceptance criteria
(min) (%) (%) Individual impurities:  NMT 0.5%

Total impurities:  NMT 2.0%0 90 10
• PROCEDURE 2: LIMIT OF TRIFLUOROACETIC ACID (TFA)20 70 30

Solution A:  Phosphoric acid 0.07% (v/v). Adjust with 1 N
25 10 90 NaOH to a pH of 3.0 ± 0.1, filter, and degas.
30 10 90 Solution B:  Methanol
33 90 10 Diluent:  Solution A and Solution B (95:5). Filter and degas.

Mobile phase:  See the gradient table below.
System suitability solution:  0.8 mg/mL of USP Octreotide
Acetate RS and 0.2 mg/mL USP Octreotide Acetate (Non-Cyc-

Time Solution A Solution Blic) System Suitability Marker RS in Solution A
(min) (%) (%)Standard solution:  0.5 mg/mL of USP Octreotide Acetate RS

in Solution A. [NOTE—Place USP Octreotide Acetate RS in a 0 95 5
desiccator containing saturated NaCl solution for at least 30 10 50 50
min before weighing.] 20 50 50

Sample solution:  0.5 mg/mL of Octreotide Acetate in Solution
21 95 5A. [NOTE—Place Octreotide Acetate in a desiccator containing
30 95 5saturated NaCl solution for at least 30 min before weighing.

Determine the water content by suitable analysis.] Acetic acid stock solution:  4 mg/mL of USP Glacial AceticChromatographic system Acid RS in Diluent (w/v)(See Chromatography 〈621〉, System Suitability.) TFA stock solution:  0.08 mg/mL of TFA in DiluentMode:  LC Standard solution:  Acetic acid stock solution, TFA stock solu-Detector:  UV 220 nm tion, and Diluent (5:10:35)Column:  4.6-mm × 25-cm; packing L## (See Reagents, In- Sample solution:  8 mg/mL of Octreotide Acetate in Diluent.dicators, and Solutions, Chromatographic Columns) Sonicate until solid dissolves completely.
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Chromatographic system Carrier gas:  Nitrogen
(See Chromatography 〈621〉, System Suitability.) Head pressure:  30 kPa
Mode:  LC Injection type:  Split (ratio 1:10)
Detector:  UV 210 nm Run time:  25 min
Column:  4.6-mm × 25-cm; packing L1 Head space sampler conditions
Flow rate:  1.2 mL/min Vial temperature:  70°
Injection size:  20 µL Syringe temperature:  100°

System suitability Injection volume:  1 mL of gaseous phase
Sample:  Standard solution Conditioning time:  30 min (10 min with agitation)
[NOTE—The retention times for the TFA and acetic acid are System suitability
about 2.6 and 3.9 min, respectively.] Sample:  Standard solution

Suitability requirements [NOTE—The retention time for n-propanol is about 7.35
Resolution:  NLT 1.5 between acetic acid and TFA min; and the retention time of triethylamine in relation to
Relative standard deviation:  NMT 15% for six injections n-propanol is 1.6 min.]

Analysis Suitability requirements
Samples:  Standard solution and Sample solution Relative standard deviation:  NMT 15% for the ratio of
Calculate the percentage of TFA in the portion of Octreotide the detector response of triethylamine to the detector re-
Acetate taken: sponse of n-propanol, six injections

Analysis
Result = (rU/rS) × (CS/CU) × P × 100 Samples:  Standard solution and Sample solution

Calculate the content of triethylamine, in ppm, in the por-
rU = peak response from the Sample solution tion of Octreotide Acetate taken:
rS = peak response from the Standard solution
CS = concentration of TFA in the Standard solution Result = (AU/AS) × (CS/CU) × P × 106

(mg/mL)
CU = concentration of Octreotide Acetate in the Sam- AU = ratio of the detector response of triethylamine

ple solution (mg/mL) to the detector response of n-propanol in the
P = purity factor of TFA standard Sample solution

Acceptance criteria:  NMT 0.25% AS = ratio of the detector response of triethylamine
• PROCEDURE 3: LIMIT OF TRIETHYLAMINE to the detector response of n-propanol in the

[NOTE—Perform if triethylamine is used in the manufacturing Standard solution
process.] CS = concentration of triethylamine in the Standard

Internal standard solution:  0.1% of n-propanol in 10% so- solution (ppm)
dium hydroxide CU = concentration of Octreotide Acetate in the Sam-

Solution A:  1 mg/mL of triethylamine (1000 ppm) ple solution (ppm)
Standard stock solution 1:  Solution A and water (5:95) (50 P = purity factor of triethylamine standard
ppm) Acceptance criteria:  NMT 2500 ppm

Standard stock solution 2:  Standard stock solution 1 and
SPECIFIC TESTSwater (5:45) (5 ppm)
• AMINO ACID CONTENT: [NOTE—The following method is given forStandard solution:  Pipette 5 mL of Standard stock solution 2

informational purposes; any validated amino acid analysisinto a headspace sampler vial, add 1 mL of Internal standard
method can be used.]solution, and seal the vial.
(See Biotechnology-Derived Articles—Amino Acid AnalysisSample solution:  Transfer 10 mg of Octreotide Acetate into
〈1052〉.)a headspace sampler vial, add 5 mL of water and 1 mL of

Diluent:  0.1 M hydrochloric acidInternal standard solution, and seal the vial.
Standard amino acid mixture:  2500 nM/mL of Lys, His, NH3,Blank:  Pipette 5 mL of water into a headspace vial, add 1 mL
Arg, Asp, Thr, Ser, Glu, Pro, Gly, Ala, Val, Met, Ile, Leu, Tyr, Phe,of Internal standard solution, and seal the vial.
and 1250 nM/mL of Cys-Cys in Diluent. [NOTE—CommerciallyChromatographic system
available standard amino acid mixtures can be used.](See Chromatography 〈621〉, System Suitability.)

Standard tryptophan solution:  Weigh 51.05 mg of trypto-Mode:  GC, system equipped with headspace sampler
phan into a 50-mL volumetric flask, and dilute with Diluent.Detector:  Flame ionization
Pipette 10.00 mL of this solution into a 50-mL volumetricColumn:  0.32-mm × 30-m fused silica capillary column
flask, and dilute with Diluent. This solution contains 1000 nM/containing a 1.5-µm film of phase G## (See Reagents, In-
mL of Trp.dicators, and Solutions, Chromatographic Columns)

Standard threonin-ol solution:  Weigh 26.29 mg of threonin-Temperature
ol into a 50-mL volumetric flask, and dilute with Diluent. Pi-Injector:  180°
pette 10.00 mL of this solution into a 50-mL volumetric flask,Detector:  250°
and dilute with Diluent. This solution contains 1000 nM/mLColumn  See the temperature program below.
Thr-ol.

Internal standard solution:  Weigh 25.78 mg of γ–ami-
Hold Time at nobutyric acid (Gaba) into a 50-mL volumetric flask, and di-

Initial Temperature Final Final lute with Diluent to volume. Pipette 10.00 mL of this solution
Temperature Ramp Temperature Temperature into a 50-mL volumetric flask, and dilute with Diluent. This

(°) (°/min) (°) (min) solution contains 1000 nM/mL of Gaba.
40 — 40 2 Standard solution:  Diluent, Standard amino acid mixture, Stan-

dard tryptophan solution, Standard threonin-ol solution, and In-40 5 80 0
ternal standard solution (5:5:5:2:33). The concentration is80 20 250 6.5
100.0 nM/mL for each amino acid.

Sample solution A:  Weigh 1.00–1.50 mg of Octreotide Ace-
tate into a 5-mL ampul. Add 1000 µL of Internal standard
solution and 1.2 mL of 30% (w/w) hydrochloric acid, cool the
ampul in dry ice, evacuate, and seal by melting. Heat the
ampul for 16 h in a heating block at 115°. Allow to cool and
transfer the contents of the ampul quantitatively into a 25-mL
round-bottomed flask, rinse with Diluent, and evaporate to
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dryness on a rotary evaporator. Dissolve the residue in 10.00 • USP REFERENCE STANDARDS 〈11〉
mL of Diluent. USP Octreotide Acetate RS

Sample solution B:  Weigh 1.00–1.50 mg of Octreotide Ace- L-Cysteinamide, D-phenylalanyl-L-cysteinyl-L-phenylalanyl-D-
tate into a 5-mL ampul. Add 1000 µL of Internal standard tryptophyl-L-lysyl-L-threonyl-N-[2-hydroxy-1-(hydroxymethyl-
solution and 1.2 mL of 30% (w/w) hydrochloric acid with 1% )propyl]-, cyclic (2→7)-disulfide, [R-(R*,R*)]-, acetate (salt).
(v/v) thioglycolic acid, cool the ampul in dry ice, evacuate, D-Phenylalanyl-L-cysteinyl-L-phenylalanyl-D-tryptophyl-L-lysyl-L-
and seal by melting. Heat the ampul for 16 h in a heating threonyl-N-[(1R,2R)-2-hydroxy-1-(hydroxymethyl)propyl]-L-
block at 115°. Allow to cool and transfer the contents of the cysteinamide cyclic (2→7)-disulfide acetate (salt).
ampul quantitatively into a 25-mL round-bottomed flask, rinse D-Phenylalanyl-L-hemicystyl-L-phenylalanyl-D-tryptophyl-L-
with Diluent, and evaporate to dryness on a rotary evaporator. lysyl-L-threonyl-L-hemicystyl-L-threoninol cyclic (2→7)-disul-
Dissolve the residue in 10.00 mL of Diluent. fide acetate (salt).

Chromatographic system C49H66N10O10S2 · xC2H4O2

(See Chromatography 〈621〉, System Suitability.) USP Octreotide Acetate (Non-Cyclic) System Suitability Marker
Mode:  LC, system equipped with amino acid analyzer RS
Detector:  Vis 440 nm and 570 nm L-Cysteinamide, D-phenylalanyl-L-cysteinyl-L-phenylalanyl-D-
Precolumn:  4.6-mm × 1-cm cation exchanger precolumn tryptophyl-L-lysyl-L-threony-N-[(1R, 2R)-2-hydroxy-1-
Column:  4.6-mm × 2-cm cation exchanger column (hydroxymethyl) propyl] acetate salt.
Flow rate:  25 mL/h USP Glacial Acetic Acid RS
Injection size:  50 µL Acetic acid.▲USP35

Detection:  (See Amino Acid Content: Method 1—Postcolumn
Ninhydrin Detection 〈1052〉.)
Flow rate of reagent:  2 mL/h

BRIEFINGAnalysis
Samples:  Standard solution, Sample solution A, and Sample
solution B
Evaluate the peak areas of the stable amino acids found in Phenoxybenzamine Hydrochloride Capsules,  USP 32 page
relation to peak areas of the respective amino acids in the 3275 and page 1202 of PF 36(5) [Sept.–Oct. 2010]. On the
Standard solution. Calculate A, the average number of basis of comments received, it is proposed to remove the cross
nmoles of the amino acids found to be stable under hydrol- reference in the Identification test to the sample solution in the
ysis conditions (three stable amino acids—2 Phe and 1 Lys): Assay because the Assay was revised in PF 32(6) to a procedure

in which the sample is not prepared in acidic alcohol. The Identi-
A = NT/3 fication test procedure was originally validated using a sample

solution prepared in acidic alcohol. Comparative data supports
NT = total nmoles of the stable amino acids the use of acidic alcohol as the solvent to meet the absorbance
Calculate the ratio of the amino acids. For Trp use only data specifications.
obtained with Sample solution B. For Cys use only data ob-
tained with Sample solution A:

(SM2: S. Ramakrishna.) RTS—C87439Result = NE/A

NE = nmoles of each amino acid
Calculate the percent content of amino acids (peptide

.content):
Phenoxybenzamine Hydrochloride

Result = (1019/50) × (A/WT) Capsules
WT = weight of the Octreotide Acetate sample (mg)

DEFINITIONAcceptance criteria:  See the table below.
Phenoxybenzamine Hydrochloride Capsules contain NLT 90.0%

and NMT 110.0% of the labeled amount of C18H22ClNO · HCl.
Acceptance Criteria

IDENTIFICATIONAmino Acid  (%)
Thr 0.7–1.1
Lys 0.9–1.3 Delete the following:
Phe 1.8–2.2
Trp 0.6–1.1

▲• The UV absorption spectrum of the solution exhibits maxima
Cys 1.0–2.2 and minima at the same wavelengths as that of a similar solu-
Thr-ol 0.6–1.3 tion of USP Phenoxybenzamine Hydrochloride RS, concomi-
Total peptide content NLT 78% tantly measured. The ratio A268/A272 of the maximum at

268 ± 2 nm and the minimum at 272 ± 2 nm is between 1.75
• WATER DETERMINATION, Method I 〈921〉:  NMT 10.0% and 1.95.▲USP35
• PH 〈791〉:  5–7, in a 1% solution in carbon dioxide-free water
• ACETIC ACID CONTENT 〈503〉:  5.0%–12.8%

Add the following:• OPTICAL ROTATION, Specific Rotation 〈781S〉:  –14.5° to –23°
Sample solution:  2 mg/mL of Octreotide Acetate in 1% gla-
cial acetic acid

▲• A. ULTRAVIOLET ABSORPTION• BACTERIAL ENDOTOXINS 〈85〉:  NMT 466 USP Endotoxin Units/ Analytical wavelengths:  268 and 272 nmmg of octreotide acetate Sample solution:  0.15 mg/mL of phenoxybenzamine hydro-
chloride in acidic alcohol (1 in 1000 solution of hydrochloricADDITIONAL REQUIREMENTS
acid in alcohol)• PACKAGING AND STORAGE:  Preserve in air-tight containers. Store

Acceptance criteria:  The ratio A268/A272 of the maximum atat a temperature of 2°–8°, protected from light.
268 ± 2 nm and the minimum at 272 ± 2 nm is between 1.75
and 1.95.▲USP35
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ASSAY Sample solutions:  Sample per Dissolution 〈711〉. Dilute with
• PROCEDURE Medium to a concentration that is similar to the Standard

Solution A:  2.2 mg/mL of anhydrous monobasic sodium solution.
phosphate in water. Adjust with concentrated phosphoric acid ■Standard solution:  0.02 mg/mL of USP Phenoxybenzamine
to a pH of 3.0. Hydrochloride RS in Medium

Mobile phase:  Filtered and degassed mixture of Solution A Sample solution:  Pass a portion of the solution under test
and acetonitrile (45:55) through a suitable filter of 0.45-µm pore size.

Standard solution:  0.2 mg/mL of USP Phenoxybenzamine pH 3.0 phosphate buffer:  2.2 g/L of monobasic sodium
Hydrochloride RS in acetonitrile. [NOTE—Sonicate if necessary.] phosphate in water. Adjust with phosphoric acid to a pH of

System suitability solution:  10 mL of the Standard solution 3.00 ± 0.05.
and 0.5 mL of 0.1 N sodium hydroxide taken in a vial. Mobile phase:  pH 3.0 phosphate buffer and acetonitrile (9:11)
[NOTE—Basic solutions of phenoxybenzamine hydrochloride Chromatographic system
will produce the known degradant, tertiary amine phen- (See Chromatography 〈621〉, System Suitability.)
oxybenzamine—the second major peak that elutes before the Mode:  LC
phenoxybenzamine peak and has a relative retention time of Detector:  UV 268 nm
about 0.3 min—and an unknown related substance. Severe Column:  4.6-mm × 150-cm; packing L7
degradation of the drug substance will be observed if the so- Column temperature:  Maintained at room temperature
lution is allowed to stand for more than 1 h.] Flow rate:  1 mL/min

Sample solution:  0.2 mg/mL of phenoxybenzamine hydro- Injection size:  10 µL
chloride in acetonitrile. Remove, as completely as possible, the System suitability
contents of NLT 20 Capsules. Transfer a portion of the mixed Sample:  Standard solution
powder, equivalent to about 10 mg of phenoxybenzamine hy- Suitability requirements
drochloride, to a 50-mL volumetric flask. Add about 40 mL of Relative standard deviation:  NMT 2%
acetonitrile and sonicate for 15 min with occasional swirling. Calculate the percentage of the labeled amount of phen-
Cool and dilute with acetonitrile to volume to obtain the con- oxybenzamine hydrochloride dissolved:
centration, based on the label claim. Allow the sample to

Result = (rU/rS) × (CS/L) × V × 100stand undisturbed for 30 min such that the undissolved mate-
rial settles to the bottom. Transfer the top clear solution into

rU = peak response from the Sample solutionHPLC vials, and use as the Sample solution.
rS = peak response from the Standard solutionChromatographic system
CS = concentration of the Standard solution (mg/mL)(See Chromatography 〈621〉, System Suitability.)
L = Capsule label claim (mg)Mode:  LC
V = volume of Medium, 500 mL■2S (USP34)Detector:  UV 268 nm

Tolerances:  NLT 75% (Q) of the labeled amount of phen-Column:  4.6-mm × 150-cm; packing L7
oxybenzamine hydrochloride (C18H22ClNO · HCl) is dissolved.Column temperature:  Maintained at room temperature

• UNIFORMITY OF DOSAGE UNITS 〈905〉Flow rate:  1 mL/min
Procedure for content uniformityInjection size:  10 µL
Solution A, Mobile phase, Standard solution, and Chromat-System suitability
ographic system:  Proceed as directed in the Assay.Samples:  Standard solution and System suitability solution

Sample solution:  0.2 mg/mL. Carefully open 10 CapsulesSuitability requirements
and transfer each immediately into separate volumetric flasks,Resolution:  NLT 4 between phenoxybenzamine hydrochlo-
including the Capsule shells. Add acetonitrile, to about 60%ride and the unknown peak that elutes after the phen-
of the volume of the flask, and sonicate for 15 min withoxybenzamine peak (at about 9.4 min), System suitability
occasional stirring. Cool the flask and dilute with acetonitrilesolution
to volume to achieve a concentration of 0.2 mg/mL. [NOTE—Relative standard deviation:  NMT 2% for an average of
The Capsule shell does not dissolve.]five injections determined from the phenoxybenzamine hy-
Cool, dilute with acetonitrile to volume, mix, and passdrochloride peak, Standard solution
through a nylon membrane filter of 0.45-µm pore size, dis-Analysis
carding the first few mL of the filtrate.Samples:  Standard solution and Sample solution

AnalysisCalculate the percentage of phenoxybenzamine hydrochloride
Samples:  Standard solution and Sample solution(C18H22ClNO · HCl) in the portion of Capsules taken:

Calculate the quantity of phenoxybenzamine hydrochloride
in the Capsules taken:Result = (rU/rS) × (CS/CU) × 100

Result = (rU/rS) × (CS/CU) × TrU = peak response from the Sample solution
rS = peak response from the Standard solution

rU = peak response from the Sample solutionCS = concentration of USP Phenoxybenzamine Hydro-
rS = peak response from the Standard solutionchloride RS in the Standard solution (mg/mL)
CS = concentration of USP Phenoxybenzamine Hydro-CU = concentration of phenoxybenzamine hydrochlo-

chloride RS in the Standard solution (mg/mL)ride in the Sample solution (mg/mL)
CU = concentration of phenoxybenzamine hydrochlo-Acceptance criteria:  90.0%–110.0%

ride in the Sample solution, based on the la-
PERFORMANCE TESTS beled quantity/Capsule and the extent of

dilution (mg/mL)
T = labeled quantity of phenoxybenzamine hydro-Change to read: chloride in the Capsules taken (mg)

Acceptance criteria:  Meets the requirements
• DISSOLUTION 〈711〉 IMPURITIESMedium:  0.1 N hydrochloric acid; 500 mL Organic ImpuritiesApparatus 1:  100 rpm • PROCEDURETime:  45 min Solution A, Mobile phase, Standard solution, System suita-Detector:  UV 267 nm bility solution, Sample solution, and Chromatographic sys-Standard solution:  USP Phenoxybenzamine Hydrochloride RS tem:  Proceed as directed in the Assay.in Medium
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Analysis • NITROGEN DETERMINATION, Method II 〈461〉
Samples:  Standard solution and Sample solution Sample:  0.1 mL of Injection

Calculate the percentage of each individual impurity:
SPECIFIC TESTS
• NON-ANTIGENICITYResult = (rU/rT) × (1/F) × 100

Sensitizing solution:  Select a suitable quantity of the protein
rU = peak response for the individual impurity from identical in nature and quality with that from which the hy-

the Sample solution drolysate was manufactured, and subject it to the same hydro-
rT = sum of all peak responses from the Sample solu- lytic process used in manufacturing the hydrolysate but re-

tion duce the time of hydrolysis to one-third. For purposes of
F = relative response factor, which is 1.1 for the preservation add, if desired, 0.5% of chlorobutanol, and pack-

known degradant, phenoxybenzamine tertiary age the sensitizing solution in 100-mL multiple-dose contain-
amine, and 1 for all other individual impurities ers. Store in a cold place.

Acceptance criteria Preparation of animals:  Select healthy guinea pigs each
Individual impurities:  NMT 0.5% of phenoxybenzamine weighing 420–480 g. Inject each animal intraperitoneally with
tertiary amine; NMT 0.1% of any other specified or un- 6 mL of the Sensitizing solution on the second, fourth, and
specified individual impurity (degradant) sixth days of each of two successive weeks. Use the sensitized

Total impurities:  NMT 0.5% specified and unspecified animals NLT 30 days and NMT 37 days after the last sensi-
tizing dose. Re-sensitize any animals not used during the 7-

ADDITIONAL REQUIREMENTS day period by injecting intraperitoneally a booster dose of 6
• PACKAGING AND STORAGE:  Preserve in well-closed containers. mL of the Sensitizing solution, and use re-sensitized animals
• USP REFERENCE STANDARDS 〈11〉 NLT 9 days and NMT 16 days after the injection of the

USP Phenoxybenzamine Hydrochloride RS booster dose.
Analysis:  Inject, intravenously, 3 mL of Injection, at the rate of
2 mL/min, using a 5-mL syringe fitted with a 27-gauge nee-
dle, into each of five guinea pigs prepared as described above.

BRIEFING During the injection and during the 15 min following, observe
the animals for any of the following symptoms: (1) licking the
nose or rubbing the nose with forefeet; (2) ruffling of the fur;

Protein Hydrolysate Injection,  USP 32 page 3436. It is pro- (3) labored breathing; (4) sneezing or coughing (three or
posed to omit this monograph from USP because this product more times); (5) retching. The requirements of the test are
has been discontinued in the United States. Please also see Brief- met if none of the injected animals show more than two of
ing under Protein—Biological Adequacy Test 〈141〉. the listed symptoms and none show rales, convulsions, or

prostration, or die. If none of the listed symptoms are ob-
served, test the sensitivity of the animals by injecting into one
of them 3 mL of the Sensitizing solution intravenously at the(SM1: L. Santos.) RTS—C94870
rate of 2 mL/min: the animal shows positive signs of anaphy-
laxis such as rales, convulsions, prostration, and/or death in
addition to one or more of the lesser reaction symptoms.

• BACTERIAL ENDOTOXINS TEST 〈85〉:  It contains NMT 0.5 USP En-
dotoxin Unit/mg of protein hydrolysate.

Delete the following: • PROTEIN—BIOLOGICAL ADEQUACY TEST 〈141〉:  It meets the
requirements.

• PH 〈791〉:  4.0–7.0
. [NOTE—The pH is determined potentiometrically, but the vari-
▲Protein Hydrolysate Injection ation from the pH range stated on the label is NMT ±0.5 pH

unit.]
DEFINITION • OTHER REQUIREMENTS:  It meets the requirements under Injec-
Protein Hydrolysate Injection is a sterile solution of amino acids tions 〈1〉.

and short-chain peptides, which represent the approximate nu- • POTASSIUM CONTENT
tritive equivalent of the casein, lactalbumin, plasma, fibrin, or Standard solutions:  Prepare four standard solutions (num-
other suitable protein from which it is derived by acid, enzy- bered 1, 2, 3, and 4) each containing a suitable wetting agent
matic, or other methods of hydrolysis. It may be modified by and 25.0 mEq of sodium (1.46 g of sodium chloride) per liter,
partial removal and restoration or addition of one or more and to the solutions add, respectively, 0, 2.0-, 3.0-, and 4.0-
amino acids. It may contain alcohol, dextrose, or other carbo- mg supplements of potassium, in the form of the chloride, per
hydrate suitable for intravenous infusion. NLT 50.0% of the to- L. If necessary, because of changes in the sensitivity of the
tal nitrogen present is in the form of α-amino nitrogen. instrument mentioned below, vary the levels of concentration

of the potassium, keeping the ratios between solutions ap-
OTHER COMPONENTS proximately as given.
• CONTENT OF α-AMINO NITROGEN Standard graph:  Set a suitable flame photometer to a wave-

Sample:  5.0 mL of a 5% Injection, or appropriate volume of length of 766 nm. Adjust the instrument to zero transmittance
any other concentration with Standard solution 1. Then adjust the instrument to 100%

Analysis:  Dilute the sample to 25 mL. Adjust to a pH of 7, transmittance with Standard solution 4. Read the percent
potentiometrically, by the addition of 0.1 N sodium hydroxide transmittance of Standard solutions 2 and 3. Plot the observed
or 0.1 N hydrochloric acid. Add 10 mL of formaldehyde TS, transmittance of Standard solutions 2, 3, and 4 as the ordinate
previously adjusted to a pH of 9.0, potentiometrically, then and the concentration as the abscissa on arithmetic coordinate
while stirring the solution, preferably with a mechanical stirrer, paper.
and with a suitable glass electrode in the system, add 0.1 N Procedure:  Pipet a portion of the Injection containing approx-
sodium hydroxide VS slowly toward the end, until a pH of 9.0 imately 300 µg of potassium, or a quantity corresponding to
is reached. Continue stirring for 2 min, check the pH, and the concentration of the Standard solutions, into a 100-mL vol-
adjust if necessary. Record the volume of 0.1 N sodium hy- umetric flask. Add a small amount of wetting agent, and di-
droxide VS added in the titration. lute to volume with a sodium solution of such strength that

Acceptance criteria:  Each mL of 0.10 N sodium hydroxide the final sodium concentration is 25.0 mEq per L. Adjust the
corresponds to 1.4 mg of α-amino nitrogen. instrument to zero transmittance with Standard solution 1 and

to 100% transmittance with Standard solution 4. Read the per-
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cent transmittance of the Sample solution and, by reference to Add the following:
the standard potassium graph, calculate the potassium con-
tent of the Injection in mg of potassium per mL.

• SODIUM CONTENT:  Proceed as directed under Potassium Con- .

tent, with the following modifications: ▲Risperidone Orally Disintegrating
Prepare the Standard solutions to contain 6.00 mEq of potas- Tabletssium (447 mg of potassium chloride), and substitute sodium
for the stated quantities of potassium. DEFINITIONPrepare the Standard graph with the flame photometer set at Risperidone Orally Disintegrating Tablets contain NLT 90.0% and589 nm instead of 766 nm. NMT 110.0% of the labeled amount of risperidoneUnder Procedure, read “sodium” for “potassium” throughout, (C23H27FN4O2).but in the second sentence read “a potassium solution of
such strength that the final potassium concentration is 6.00 IDENTIFICATION
mEq per L” in place of “a sodium solution of such strength • The retention time of the major peak of the Sample solution
that the final sodium concentration is 25.0 mEq per L.” corresponds to that of the Standard solution, as obtained in

the Assay.ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in single-dose containers, ASSAY

preferably of Type I or Type II glass, and avoid excessive heat. • PROCEDURE
• LABELING:  The label of the immediate container bears in a sub- Mobile phase:  Acetonitrile, trifluoroacetic acid, and water

title the name of the protein from which the hydrolysate has (200:1.5:800). Adjust with ammonium hydroxide to a pH of
been derived and the word “modified” if one or more of the 3.0.
“essential” amino acids has been partially removed, restored, Diluent:  Methanol and 0.1 N HCl (40:60)
or added. The label bears a statement of the pH range; the System suitability solution:  0.1 mg/mL of USP Risperidone
name and percentage of any added other nutritive ingredient; Related Compounds Mixture RS prepared as follows: Dissolve
the method of hydrolysis; the nature of the modification, if first in 20% of the flask volume of methanol. Dilute with Dilu-
any, in amino acid content after hydrolysis; the percentage of ent to volume.
each essential amino acid or its equivalent; the approximate Standard solution:  0.1 mg/mL of USP Risperidone RS in
protein equivalent, in g/L; the approximate number of calories Diluent
/L; the percentage of the total nitrogen in the form of α- Sample solution:  0.1 mg/mL of risperidone in Diluent from
amino nitrogen; and the quantity of the sodium and of the NLT 13 Tablets. [NOTE—Sonicate for 30 min.]
potassium ions present in each 100 mL of the Injection. Injec- Chromatographic system
tion that contains NMT 30 mg of sodium/100 mL may be (See Chromatography 〈621〉, System Suitability.)
labeled “Protein Hydrolysate Injection, Low Sodium,” or by a Mode:  LC
similar title the approximate equivalent thereof. Detector:  UV 275 nm
The label states the total osmolar concentration in mOsmol/L. Column:  3.0-mm × 15-cm; 3.5-µm packing L1
Where the contents are less than 100 mL, or where the label Flow rate:  0.8 mL/min
states that the Injection is not for direct injection but is to be Injection size:  10 µL
diluted before use, the label alternatively may state the total Run time:  2.2 times the retention time of risperidone
osmolar concentration in mOsmol/mL. System suitability

• USP REFERENCE STANDARDS 〈11〉 Samples:  System suitability solution and Standard solution
USP Endotoxin RS▲USP35 [NOTE—For relative retention times, see Impurity Table 1

under Organic Impurities.]
Suitability requirements

Resolution:  NLT 1.8 between Z-oxime and bicyclorisper-BRIEFING idone, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis
Risperidone Orally Disintegrating Tablets.  Because there is Samples:  Standard solution and Sample solution
no existing USP monograph for this dosage form, a new mono- Calculate the percentage of C23H27FN4O2 in the portion of
graph is proposed. The liquid chromatographic procedure in the Tablets taken:
test for Organic Impurities and in the Assay is based on analyses
performed with the Zorbax SB-C18 brand of L1 column. The Result = (rU/rS) × (CS/CU) × 100
typical retention time for risperidone is about 13.5 min. The
liquid chromatographic procedure in the tests for Dissolution and rU = peak response of risperidone from the Sample
Uniformity of Dosage Units is based on analyses performed with solution
the Prodigy ODS(3) brand of L1 column. The typical retention rS = peak response of risperidone from the Standard
time for risperidone is about 1.8 min. solution

CS = concentration of USP Risperidone RS in the Stan-
dard solution (mg/mL)

CU = nominal concentration of risperidone in the Sam-(SM4: H. Ramanathan, R. Ravichandran, M. Marques.) RTS— ple solution (mg/mL)C81971 Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS
• DISINTEGRATION 〈701〉

Test 1:  NMT 30 s
Test 2:  NMT 60 s. [NOTE—If the product complies with this
test, the labeling indicates that the product meets USP Disinte-
gration Test 2.]

• DISSOLUTION 〈711〉
Medium:  0.1 N HCl; 500 mL
Apparatus 2:  50 rpm
Time:  10 min
Buffer:  8.7 g/L of dibasic potassium phosphate in water. Ad-
just with phosphoric acid to a pH of 7.8.
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Mobile phase:  Acetonitrile and Buffer (45:55) rS = peak response of risperidone from the Standard
Standard solution:  (L/500) mg/mL of USP Risperidone RS in solution
Medium, where L is the Tablet label claim in mg F = relative response factor (see Impurity Table 1)

Sample solution:  Pass 10 mL of the solution under test Acceptance criteria
through a suitable nylon filter of 0.45-µm pore size. Individual impurities:  See Impurity Table 1.

Chromatographic system Total impurities:  NMT 1.0%
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC Impurity Table 1
Detector:  UV 280 nm
Column:  4.6-mm × 10-cm; 5-µm packing L1 Relative Relative Acceptance
Column temperature:  28 ± 3° Retention  Response Criteria,
Flow rate:  2 mL/min Name Time Factor NMT (%)
Injection size:  20 µL. [NOTE—40 µL for Tablets labeled to Z-oxime*,a 0.59 1.0 —
contain 0.5 mg of risperidone] Bicyclorisperidoneb 0.66 0.86 0.3

Run time:  2 times the retention time of risperidone
Risperidone 1.0 1.0 —System suitability
Risperidone cis-N-oxidec 1.7 0.97 0.5Sample:  Standard solution
Any unspecified degra-Suitability requirements — 1.0 0.2
dation productRelative standard deviation:  NMT 2.0%

Analysis * Process impurity; it is used to establish system suitability only.
Samples:  Standard solution and Sample solution a (Z)-3-[2-[4-(2,4-Difluorophenyl)(hydroxyimino)methyl]-1-piper-
Calculate the percentage of C23H27FN4O2 dissolved: idinyl]ethyl]-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one.

b 3-(4-Fluoro-2-hydroxyphenyl)-1-[2-(6,7,8,9-tetrahydro-2-methyl-4-oxo-4H-
Result = (rU/rS) × (CS/L) × V × 100 pyrido-[1,2-a]pyrimidin-3-yl)ethyl]-2-aza-1-azoniabicyclo[ 2.2.2]oct-2-ene.

c cis-N-oxide (0.5%)-cis-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)-1-piper-
rU = peak response from the Sample solution idinyl]ethyl]-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one,N-ox-
rS = peak response from the Standard solution ide.
CS = concentration of the Standard solution (mg/mL)  
L = Tablet label claim (mg)

ADDITIONAL REQUIREMENTSV = volume of Medium, 500 mL
• PACKAGING AND STORAGE:  Preserve in well-closed, light-resistantTolerances:  NLT 80% (Q) of the labeled amount of risper-

containers. Store at controlled room temperature.idone is dissolved.
• LABELING:  When more than one Disintegration test is given, the• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements

labeling states the Disintegration test used only if Test 1 is notProcedure for content uniformity
used.Mobile phase:  Proceed as directed in the Dissolution test.

• USP REFERENCE STANDARDS 〈11〉Standard solution:  (L/100) mg/mL of USP Risperidone RS in
USP Risperidone RS0.1 N HCl, where L is the Tablet label claim in mg.
4H-Pyrido[1,2-a]pyrimidin-4-one, 3-[2-[4-(6-fluoro-1,2-Sample solution:  Transfer one Tablet to a 100-mL volumetric
benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8,9-tetrahydro-2-flask, and dilute with 0.1 N HCl to volume to obtain a nomi-
methyl-.nal concentration of (L/100) mg/mL of risperidone, where L

3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)piperidi-is the Tablet label claim in mg. Sonicate for 30 min at 40°.
no]ethyl]-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-Chromatographic system:  Proceed as directed in the Disso-
a]pyrimidin-4-one.lution test.

C23H27FN4O2 410.48Injection size:  20 µL
USP Risperidone Related Compounds Mixture RS Analysis
Contains a 98.9/0.5/0.3/0.3 (area %) mixture of the follow-Samples:  Standard solution and Sample solution
ing four compounds:Calculate the percentage of C23H27FN4O2 in the portion of
Risperidone (98.9%)Tablets taken:
Risperidone cis-N-oxide (0.5%)-cis-3-[2-[4-(6-fluoro-1,2-
benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8,9-tetrahydro-2-Result = (rU/rS) × (CS/CU) × 100
methyl-4H-pyrido[1,2-a]pyrimidin-4-one, N-oxide

rU = peak response of risperidone from the Sample monohydrate.
solution C23H29FN4O4 444.50

rS = peak response of risperidone from the Standard Bicyclorisperidone (0.3%)-3-(4-fluoro-2-hydroxyphenyl)-1-[2-
solution (6,7,8,9-tetrahydro-2-methyl-4-oxo-4H-pyrido-[1,2-

CS = concentration of USP Risperidone RS in the a]pyrimidin-3-yl)ethyl]-2-aza-1-azoniabicyclo[ 2.2.2]oct-2-
Standard solution (mg/mL) ene iodide.

CU = nominal concentration of risperidone in the C23H28FIN4O4 538.40
Sample solution (mg/mL) Z-oxime; (0.3%) (Z)-3-[2-[4-(2,4-Difluorophenyl)(hydroxyimi-

no)methyl]-1-piperidinyl]ethyl]-6,7,8,9-tetrahydro-2-
IMPURITIES methyl-4H-pyrido[1,2-a]pyrimidin-4-one.
Organic Impurities C23H28F2N4O2 430.29▲USP35
• PROCEDURE

Buffer, Mobile phase, System suitability solution, Standard
solution, Sample solution, Chromatographic system, and
System suitability:  Proceed as directed in the Assay. BRIEFING

Analysis
Sample:  Sample solution
Calculate the percentage of any individual impurity in the Tacrolimus,  page 310 of PF 35(2) [Mar.–Apr. 2009]. The fol-
portion of Tablets taken: lowing changes are being proposed:

1.  The Definition is updated to reflect approved criteria.Result = (rU/rS) × (1/F) × 100 2.  The colorimetric test for Identification is deleted since the
procedure is nonspecific and uses a hazardous reagent. TherU = peak response of any individual impurity from
monograph contains two orthogonal alternatives: an infra-the Sample solution
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red absorption and a chromatographic retention time com- DEFINITION
parison identification test. Tacrolimus contains NLT 98.0% and NMT 102.0% of C44H69NO12,

3.  The Assay is replaced with a different validated procedure calculated on the anhydrous and solvent-free basis.
that is able to resolve tacrolimus from tacrolimus 8-epimer,

IDENTIFICATIONa specified impurity in some impurity profiles. The proce-
• A. INFRARED ABSORPTION 〈197M〉dure is based on analyses performed using a Luna C18
• B.  Dissolve 5 mg of Tacrolimus in 1 mL of alcohol, add 1 mLcolumn. The typical retention time for tacrolimus is about

of a solution of 1,3-dinitrobenzene in alcohol (1 in 100) and 123 min.
mL of sodium hydroxide TS and shake: a red-purple color de-4.  The acceptance criterion in the test for Heavy Metals is up-
velops. The retention time of the major peak of the Sampledated to reflect current USP style.
solution corresponds to that of the Standard solution as ob-5.  The flexible monograph approach is used to allow manu-
tained in the Assay.facturers to perform either Procedure 1 or Procedure 2 in the

test for Organic Impurities, based on their labeling instruc- ASSAYtions and impurity profile. A Labeling statement is added to • PROCEDUREsupport this change. [NOTE—Allow the Standard solution and the Sample solution to6.  Organic Impurities, Procedure 1 is revised to provide critical stand for 6 h at 25° before use.]details such as the mixing order of the Mobile phase and Mobile phase:  Isopropanol, tetrahydrofuran, and waterthe column temperature. Column temperature control is (2:2:5)important to ensure selectivity. The note about flow rate Internal standard solution:  0.75 mg/mL solution of heptyladjustment is deleted because such guidance is available in parahydroxybenzoate in dehydrated alcoholChromatography 〈621〉. Standard solution:  Dissolve an accurately weighed quantity of7.  Organic Impurities, Procedure 2 is based on a procedure that USP Tacrolimus RS in dehydrated alcohol, using about 30% ofwas validated using a Luna C18 column. The typical reten- the final volume, add 20% of the final volume of Internal stan-tion time for tacrolimus is about 23 min. dard solution, and dilute with water to volume to obtain a8.  The acceptance criterion in the test for Water Determination solution having a final concentration of about 0.5 mg ofis updated to reflect a recently approved limit. tacrolimus/mL.9.  The USP Reference Standards section is revised to include Sample solution:   Dissolve a quantity of Tacrolimus in dehy-reference standards required for the Assay and in the test drated alcohol, using about 30% of the final volume, addfor Organic Impurities, Procedure 2. The chemical name, 20% of the final volume of Internal standard solution, and di-formula, and molecular weight for USP Tacrolimus Related lute with water to volume to obtain a solution having a nomi-Compound A RS are added to this section. nal concentration of about 0.5 mg of tacrolimus/mL.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

(SM1: A. Wise.) RTS—C84812; C77416; C77655; Mode:  LC
C75474; C77283; C77379; C77402; C78256 Detector:  UV 220 nm

Column:  4.6-mm × 15-cm column; 5-µm packing L1
Temperature:  50°
Flow rate:  0.8 mL/min [NOTE—Adjust the flow rate so that
the retention time of tacrolimus is approximately 10 min.
The flow rate may not be adjusted by more than ±10%.]Add the following:

Injection size:  10 µL
System suitability
Sample:  Standard solution

.

Suitability requirements▲Tacrolimus
Column efficiency:  NLT 3000 theoretical plates
Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C44H69NO12 in the portion of
Tacrolimus taken:

Result = (RU/RS) × (CS/CU) × 100

RU = peak response ratio of tacrolimus to heptyl
parahydroxybenzoate from the Sample solution

RS = peak response ratio of tacrolimus to heptyl
C44H69NO12 · H2O 822.03 parahydroxybenzoate from the Standard solu-
15,19-Epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclo- tion

tricosine-1,7,20,21(4H,23H)-tetrone-5,6,8,11,12,13,14,15, CS = concentration of the Standard solution (mg/mL)
16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-[2- CU = concentration of the Sample solution (mg/mL)
(4-hydroxy-3-methoxycyclohexyl)-1-methylethenyl]-14,16- Acceptance criteria:  98.0%–102.0%
dimethoxy-4,10,12,18-tetramethyl-8-(2-propenyl)-, monohy- Solution A:  6 mM phosphoric acid
drate, [3S-[3R*,E(1S*,3S*,4S*)],4S*,5R*,8S*,9E,12R*,- Solution B:  Acetonitrile and tert-butyl methyl ether (81:19)
14R*,15S*,16R*,18S*,19S*,26aR*]]-; Solution C:  Solution A and Solution B (4:1)

(−)-(3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Al- Solution D:  Solution A and Solution B (1:4)
lyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hex- Mobile phase:  See Table 1.
adecahydro-5,19-dihydroxy-3-[(E)-2-[(1R,3R,4R)-4-hydroxy-3-
methoxycyclohexyl]-1-methylvinyl]-14,16- Table 1
dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-
c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone, mono- Time Solution C Solution D
hydrate [109581-93-3]. (min) (%) (%)

0 72 28
30 72 28
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Table 1 (Continued) ratio of components in the mobile phase and the order of
mixing will result in a two-phase solution.

Time Solution C Solution D System suitability solution:  0.1 mg/mL each of USP
(min) (%) (%) Tacrolimus RS and USP Tacrolimus Related Compound A RS

53 15 85 in Mobile phase
54 72 28 Sample solution:  2.0 mg/mL of Tacrolimus in Mobile phase

Chromatographic system60 72 28
(See Chromatography 〈621〉, System Suitability.)

Diluent:  Acetonitrile and water (7:3) Mode:  LC
System suitability solution:  3 mg/mL of USP Tacrolimus Sys- Detector:  UV 225 nm
tem Suitability RS in Diluent. Allow the solution to stand for 3 Column:  Two 4.6-mm × 25-cm columns; 5-µm packing
h at ambient temperature before use. Protect from light by L20
using low-actinic glassware. Column temperature:  28 ± 2°

Standard solution:  3 mg/mL of USP Tacrolimus RS in Diluent. Flow rate:  1.5 mL/min
Allow the solution to stand for 3 h at ambient temperature Adjust the flow rate so that the retention time of tacrolimus
before use. Protect from light by using low-actinic glassware. is approximately 15 min. The flow rate may not be ad-

Sample solution:  3 mg/mL of Tacrolimus in Diluent. Allow the justed by more than ±10%.
solution to stand for 3 h at ambient temperature before use. Injection size:  20 µL
Protect from light by using low-actinic glassware. System suitability

Chromatographic system Sample:  System suitability solution
(See Chromatography 〈621〉, System Suitability.) Suitability requirements
Mode:  LC Resolution:  NLT 1.1 between tacrolimus and tacrolimus
Detector:  UV 220 nm related compound A
Column:  4.6-mm × 15-cm; 3-µm packing L1 Tailing factor:  NMT 1.5
Column temperature:  60° Relative standard deviation:  NMT 2.0%
Autosampler temperature:  4° Analysis
Flow rate:  1.5 mL/min Sample:  Sample solution
Injection size:  20 µL Calculate the percentage of each impurity in the portion of

System suitability Tacrolimus taken:
Samples:  System suitability solution and Standard solution

Result = (rU/F) × [1/Σ(rU/F)] × 100Suitability requirements
[NOTE—The relative retention times for tacrolimus open ring,

rU = peak response for each peak in the Sample solu-tacrolimus 19-epimer, ascomycin, and tacrolimus are 0.52,
tion0.63, 0.87, and 1.0, respectively.]

F = relative response factor for the correspondingResolution:  NLT 3.0 between ascomycin and tacrolimus,
peak (see Table 1)System suitability solution

Acceptance criteria:  See Table 2.Relative standard deviation:  NMT 1.0% for the sum of
Individual impurities:  See Impurity Table 1.the responses of tacrolimus, tacrolimus open ring, and
Total impurities:  NMT 0.3%tacrolimus 19-epimer, Standard solution

Analysis
Samples:  Standard solution and Sample solution Table 2
Calculate the percentage of C44H69NO12 in the portion of

Relative Relative AcceptanceTacrolimus taken:
Retention Response Criteria,

Name Time Factor  NMT (%)Result = (rU/rS) × (CS/CU) × 100
Tacrolimus methylacryl 0.55 16.7 0.2

rU = sum of the peak responses of tacrolimus open aldehydea

ring, tacrolimus 19-epimer, and tacrolimus from Tacrolimus dieneb 0.79 2.2 0.2
the Sample solution

Tacrolimus impurity 1c 0.96 1.0 0.2rS = sum of the peak responses of tacrolimus open
USP Tacrolimus related 0.96 — —ring, tacrolimus 19-epimer, and tacrolimus from
compound Adthe Standard solution

Tacrolimus 1.0 1.0 —CS = concentration of USP Tacrolimus RS in the Stan-
dard solution (mg/mL) Tacrolimus 19-epimere 1.1 1.0 1.0

CU = concentration of Tacrolimus in the Sample solu- Tacrolimus open ringf 1.3 1.0 0.5
tion (mg/mL)

a (E)-3-[[(1R, 3R, 4R)-4-Hydroxy-3-methoxycyclohexyl]-2-methylacrylaldehyde.Acceptance criteria:  98.0%–102.0%, calculated on the anhy-
b (14E,18E)-17-Allyl-1-hydroxy-12-[(E)-2-(4-hydroxy-3-methoxycyclohexyl)-1-drous and solvent-free basis
methylvinyl]-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4-azatri-

 cyclo[22.3.1.0 4,9] octacosa-14,18-diene-2,3,10,16-tetrone.
c Specified unidentified impurity.

IMPURITIES d For information only; not to be reported.
Inorganic Impurities e (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8-Ally-• RESIDUE ON IGNITION 〈281〉:  NMT 0.1% l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26,26a,hexadecahydro-5,19-• HEAVY METALS, Method II 〈231〉:  NMT 10 ppm dihydroxy-3-{(E)-2-[1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-
Organic Impurities methylvinyl}-14,16,dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido• PROCEDURE 1 [2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.

[NOTE—Use Organic Impurities, Procedure 1 when the impurity f (3S,4R,5S,8R,12S,14S,15R,16S,18R,26aS,E)-8-Ally-
profile includes tacrolimus methylacrylaldehyde and l-5,6,11,12,13,14,15,16,17,18,24,25,26,26a-tetradecahydro-5,15,20,20-tetra-
tacrolimus diene. It is suggested that new columns be condi- hydroxy-3-{(E)-2-[1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-
tioned with about 500 mL of alcohol before use to meet the methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-3H-pyrido[2,1-c][1,4]ox-
resolution criterion.] aazacyclotricosine-1,7,19,21(4H,8H,20H,23H)-tetrone.

Mobile phase:  Hexane, n-butyl chloride, and acetonitrile g Total impurities limit does not include tacrolimus open ring and tacrolimus
(7:2:1). Add n-butyl chloride to hexane, and mix well before 19-epimer.
adding acetonitrile. After adding acetonitrile, mix the mobile
phase for 2 h to get a clear solution. Any deviations from the
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Table 2 (Continued) Table 3

Relative Relative Acceptance Relative Acceptance
Retention Response Criteria, Retention Criteria,

Name Time Factor  NMT (%) Name Time  NMT (%)
Any individual unspeci- — 1.0 0.2 Tacrolimus open ringa,b 0.52 —
fied impurity Ascomycin 19-epimerc 0.54 0.1

Total impuritiesg — — 0.3 Tacrolimus 19-epimerb,d 0.63 —
a (E)-3-[[(1R, 3R, 4R)-4-Hydroxy-3-methoxycyclohexyl]-2-methylacrylaldehyde. Ascomycine 0.87 0.1
b (14E,18E)-17-Allyl-1-hydroxy-12-[(E)-2-(4-hydroxy-3-methoxycyclohexyl)-1- Desmethyl tacrolimusf 0.94 0.1
methylvinyl]-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4-azatri-

Tacrolimus 1.00 —
cyclo[22.3.1.0 4,9] octacosa-14,18-diene-2,3,10,16-tetrone.

Tacrolimus 8-epimerg 1.28 0.1c Specified unidentified impurity.
Tacrolimus 8-propyl analogh 1.33 0.1d For information only; not to be reported.

e (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8-Ally- Any individual unspecified impurity — 0.1
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26,26a,hexadecahydro-5,19- Total impurities — 1.0
dihydroxy-3-{(E)-2-[1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1- a (3S,4R,5S,8R,12S,14S,15R,16S,18R,26aS,E)-8-Ally-
methylvinyl}-14,16,dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido l-5,6,11,12,13,14,15,16,17,18,24,25,26,26a-tetradecahydro-5,15,20,20-tetrahy-
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone. droxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-
f (3S,4R,5S,8R,12S,14S,15R,16S,18R,26aS,E)-8-Ally- methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl -3H-pyrido[2,1-c][1,4]ox-
l-5,6,11,12,13,14,15,16,17,18,24,25,26,26a-tetradecahydro-5,15,20,20-tetra- aazacyclotricosine-1,7,19,21(4H,8H,20H,23H)-tetrone.
hydroxy-3-{(E)-2-[1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1- b Tacrolimus open ring and tacrolimus 19-epimer are isomers of tacrolimus,
methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-3H-pyrido[2,1-c][1,4]ox- which are present in equilibrium with the active ingredient. They are not to be
aazacyclotricosine-1,7,19,21(4H,8H,20H,23H)-tetrone. reported as degradation products.
g Total impurities limit does not include tacrolimus open ring and tacrolimus c (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8-Ethy-
19-epimer. l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-

dihydroxy-3-[(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-• PROCEDURE 2
methylvinyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[NOTE—Use Organic Impurities, Procedure 2 when the impurity
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone.profile includes ascomycin, desmethyl tacrolimus, tacrolimus
d (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8-Ally-8-epimer, and tacrolimus 8-propyl analog.]
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-Solution A, Solution B, Solution C, Solution D, Mobile
dihydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-phase, Diluent, System suitability solution, Sample solu-
methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyridotion, and Chromatographic system:  Proceed as directed in
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.the Assay.
e (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Ethy-Standard solution:  30 µg/mL of USP Tacrolimus RS in Dilu-
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-ent. Allow the solution to stand for 3 h at ambient tempera-
dihydroxy-3-[(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-ture before use. Protect from light by using low-actinic
methylvinyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyridoglassware.
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone.Reporting threshold solution:  1.5 µg/mL of USP Tacrolimus
f (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Ally-RS in Diluent
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-System suitability
dihydroxy-3-[(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-[NOTE—Identify the related compounds by the relative re-
methylvinyl]-14,16-dimethoxy-4,12,18-trimethyl-15,19-epoxy-3H-pyrido[2,1-c]tention times provided in Table 3.]
[1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone.Samples:  System suitability solution and Standard solution
g (3S,4R,5S,8S,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Ally-Suitability requirements
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-Resolution:  NLT 3.0 between tacrolimus and ascomycin,
dihydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-System suitability solution
methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyridoRelative standard deviation:  NMT 10.0% for the sum of
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.the responses of tacrolimus, tacrolimus open ring, and
h (3S,4R,5S,8S,9E,12S,14S,15R,16S,18R,19R,26aS)-tacrolimus 19-epimer, Standard solution
5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-Analysis
dihydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-Samples:  Sample solution, Standard solution, and Reporting
methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-8-propyl-3H-threshold solution
pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.Calculate the percentage of each impurity in the portion of
 Tacrolimus taken:
SPECIFIC TESTSResult = (rU/rS) × (CS/CU) × 100 • OPTICAL ROTATION, Specific Rotation 〈781S〉:  −110° to −115° on

an “as is” basisrU = peak response for each impurity peak from the Sample solution:  10 mg/mL in N,N-dimethylformamideSample solution • WATER DETERMINATION, Method I 〈921〉:  1.9% –2.5% NMTrS = sum of the peak responses for tacrolimus open 4.0%ring, tacrolimus 19-epimer, and tacrolimus
from the Standard solution ADDITIONAL REQUIREMENTS

CS = concentration of USP Tacrolimus RS in the Stan- • PACKAGING AND STORAGE:  Preserve in tight containers. Store at
dard solution (mg/mL) controlled room temperature.

CU = nominal concentration of tacrolimus in the Sam- • LABELING:  If a test for Organic Impurities other than Procedure 1
ple solution (mg/mL) is used, then the labeling states with which Organic Impurities

Acceptance criteria:  See Table 3. Report impurity peaks with test the article complies.
responses NLT that of the peak in the Reporting threshold • USP REFERENCE STANDARDS 〈11〉
solution (0.05%). Disregard peaks with retention times less USP Tacrolimus RS
than 3 min. 15,19-Epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclo-

tricosine-1,7,20,21(4H,23H)-tetrone-5,6,8,11,12,13,14,15,
16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-
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[2-(4-hydroxy-3-methoxycyclohexyl)-1- •  Organic Impurities, Procedure 2 is based on a procedure that
methylethenyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-8- was validated using a Luna C18(2) column. The typical re-
(2-propenyl)-, monohydrate, [3S-[3R*, tention time for tacrolimus is about 37 min.
E(1S*,3S*,4S*)],4S*,5R*,8S*,9E,12R*,- •  USP Reference Standards is revised to include reference stan-
14R*,15S*,16R*,18S*,19S*,26aR*]]-. dards required for the Assay and Organic Impurities, Proce-

C44H69NO12 · H2O 822.03 dure 2. The chemical name, formula, and molecular weight
USP Tacrolimus Related Compound A RS for USP Tacrolimus Related Compound A RS are added to
(E)-8-Ethyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a- this section.
Hexadecahydro-5,19-dihydroxy-3-[(E)-2-(4-hydroxy-3-
methoxycyclohexyl)-1-methylvinyl]-14,16-
dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido (SM1: A. Wise, M. Marques.) RTS—C77403; C77416;[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone. C77695; C77402; C86775C43H69NO12 792.01

USP Tacrolimus System Suitability RS—This is a mixture of
tacrolimus, ascomycin ((3S,4R,5S,8R,9E,12S,14S,15R,16S,
18R,19R,26aS)-8-Ethyl-5,6,8,11,12,13,14,15,16,17,18,19,
24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-[(E)-

Add the following:2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-
methylvinyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-
epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-

.(4H,23H)-tetrone; C43H69NO12; 792.01), and tacrolimus 8-pro-
▲Tacrolimus Capsulespyl analog ((3S,4R,5S,8S,9E,12S,14S,15R,16S,18R,19R,26aS)-

5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hex-
adecahydro-5,19-dihydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy- DEFINITION
3-methoxycyclohexyl]-1-methylvinyl}-14,16- Tacrolimus Capsules contain NLT 93.0% and NMT 105.0% of the
dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-8-propyl-3H- labeled amount of tacrolimus (C44H69NO12).
pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-te-

IDENTIFICATIONtrone; C44H71NO12; 806.03)▲USP35
• A. PROCEDURE

Analysis:  Transfer the contents of Capsules, equivalent to 5
mg of tacrolimus, into a centrifuge tube. Add 2 mL of alcohol,
shake for 10 min, and centrifuge. To 1 mL of the supernatant,BRIEFING
add 0.5 mL of a solution of 1,3-dinitrobenzene in alcohol (1
in 100) and 0.5 mL of sodium hydroxide TS, shake, and allow
to stand for 3 min.Tacrolimus Capsules,  page 312 of PF 35(2) [Mar.–Apr. 2009].

Acceptance criteria:  A light red-purple color develops.On the basis of comments received, the following changes are
• B.  The retention time of the major peak of the Sample solutionproposed:

corresponds to that of the Standard solution as obtained in the•  The colorimetric test for Identification is deleted because this
Assay.procedure is nonspecific and it uses a hazardous reagent.

•  The Assay is replaced with a different validated procedure ASSAYthat is able to resolve tacrolimus from tacrolimus 8-epimer, • PROCEDUREa specified impurity in some impurity profiles. The proce- [NOTE—Allow the Standard solution and Sample solution todure is based on analyses performed using a Purospher Star stand for 6 h at 25° before use.]RP-18 brand of L1 column. The typical retention time for Mobile phase:  Isopropanol, tetrahydrofuran, and watertacrolimus is about 10 min. (2:2:5)•  Dissolution Test 1 is revised to remove the system suitability Internal standard solution:  0.75 mg/mL solution of heptylcriterion for column efficiency. The remaining criteria are parahydroxybenzoate in dehydrated alcoholadequate to establish chromatographic system suitability. Standard solution:   Dissolve a quantity of USP Tacrolimus RSThe dissolution time, Medium preparation, Standard stock so- in dehydrated alcohol, using about 30% of the final volume,lution, name of one peak in the Resolution requirement, and add 20% of the final volume of Internal standard solution, andthe formula for the calculation of the dissolution results are dilute with water to volume to obtain a solution having arevised based on input from the approved sponsor. concentration of about 0.5 mg/mL of tacrolimus.•  Dissolution Tests 2 and 3 are added based on approved pro- Sample solution:   Using Table 1, transfer a quantity of thecedures. A labeling statement is added to support this contents of Capsules into a suitable centrifuge tube, add de-change. The chromatographic procedure in Dissolution Test hydrated alcohol and Internal standard solution. Shake the cen-2 was validated using a Purospher Star RP-18 brand of L1 trifuge tube for a few min, and sonicate in an ultrasonic bathcolumn. The typical retention times for the analyte peaks for 10 min. Centrifuge this suspension. Pipet 5 mL of the su-are about 7 min for tacrolimus 19-epimer and about 10 min pernatant, and add 5 mL of water.for tacrolimus. The chromatographic procedure in Dissolu-
tion Test 3 was validated using an XTerra RP18 brand of L1

Table 1column. The typical retention time for tacrolimus is about 7
min. Equivalent Volume of Volume of•  The flexible monograph approach is used to allow manufac- Capsule Number to Dehydrat- Internalturers to perform either Procedure 1 or Procedure 2 in the Strength of Tacrolimus ed Alcohol Standardtest for Organic Impurities, based on their labeling instruc- (mg) Capsules (mg) (mL) (mL)tions and impurity profile. A labeling statement is added to

0.5 50 25 15.0 10.0support this change.
1 25 25 15.0 10.0•  Organic Impurities, Procedure 1 is revised to provide critical
5 10 50 30.0 20.0details such as the mixing order of the Mobile phase and the

column temperature. Column temperature control is impor-
[NOTE—For products with strengths other than those listed in Ta-tant to ensure selectivity. The note about flow rate adjust-
ble 1, adjust the number of Capsules and volumes to obtain con-ment is deleted because such guidance is available in Chro-
centrations equivalent to those in the Standard solution.]matography 〈621〉. An instruction was added to the Sample

Chromatographic systemsolution to indicate solution storage conditions.
(See Chromatography 〈621〉, System Suitability.)
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Mode:  LC Acceptance criteria:  93.0%–105.0%
Detector:  UV 220 nm

PERFORMANCE TESTSColumn:  4.6-mm × 15-cm column; 5-µm packing L1
• DISSOLUTION 〈711〉Temperature:  50°

Test 1Flow rate:  0.8 mL/min. [NOTE—Adjust the flow rate so that
Medium:  Hydroxypropylcellulose in water (1:2 × 104); ad-the retention time of tacrolimus is approximately 10 min.
justed with 6% phosphoric acid to a pH of 4.5; 900 mLThe flow rate may not be adjusted by more than ± 10%.]

Apparatus 2:  50 rpm with sinker (see Dissolution 〈711〉, Fig-Injection size:  10 µL
ure 2a)System suitability

Time:  90 minSample:  Standard solution
Mobile phase:  Acetonitrile, methanol, water, and 6% phos-Suitability requirements
phoric acid (46:18:36:0.1)Column efficiency:  NLT 3000 theoretical plates

Standard stock solution:  L/400 mg/mL(L/360) mg/mL inTailing factor:  NMT 1.5
acetonitrile, [NOTE—L = label claim (mg/Capsule)]where L isRelative standard deviation:   NMT 2.0%
the Capsule label claim in mgAnalysis

Standard solution:  To 20.0 mL of the Standard stock solutionSamples:  Standard solution and Sample solution
add 50.0 mL of Medium and mix to obtain solutions withCalculate the percentage of C44H69NO12 in the portion of Cap-
known concentrations as indicated in Table 1. Allow the solu-sules taken:
tion to stand for NLT 6 h at 25° before use.

Sample solution:  Pass 10 mL of the solution under testResult = (RU/RS) × (CS/CU) × 100
through a G4 glass filter. To 5.0 mL of the filtrate add 2.0 mL

RU = peak response ratio of tacrolimus to heptyl of acetonitrile and mix. Allow the solution to stand for NLT 1
parahydroxybenzoate from the Sample solution h at 25° before use.

RS = peak response ratio of tacrolimus to heptyl
parahydroxybenzoate from the Standard solu- Table 1
tion

CS = concentration of USP Tacrolimus RS in the Stan- Capsule Strength  Final Concentration
dard solution (mg/mL) (mg) (µg/mL)

CU = concentration of the Sample solution (mg/mL) 0.5 0.4
Acceptance criteria:  93.0%–105.0% 1 0.8
[NOTE—Allow the Standard solution and the Sample solution to

5 4stand for 3 h at ambient temperature before use. Protect the
solutions from light by using low-actinic glassware.] Chromatographic system

Solution A:  6 mM phosphoric acid (See Chromatography 〈621〉, System Suitability.)
Mobile phase:  Acetonitrile, tert-butyl methyl ether, and Solu- Mode:  LC
tion A (335:55:600) Detector:  210 nm

Solution B:  50 g/L polyoxyethylene (23) lauryl ether. [NOTE— Column:  4.6-mm × 15-cm; 5-µm packing L7
Polyoxyethylene (23) lauryl ether is also called Brij-35.] Temperature:  50°

Solution C:  Acetonitrile and Solution B (7:3) Flow rate:  Adjust the flow rate so that the retention time
Standard solution:  50 µg/mL of USP Tacrolimus RS in Solution of tacrolimus is approximately 14 min.
C Injection size:  See Table 2.

Sample solution:  Equivalent to 50 µg/mL of tacrolimus, from
NLT 10 Capsules, in Solution C. [NOTE—Sonicate and stir with

Table 2a magnetic stirrer.]
Chromatographic system Capsule Strength Injection Volume
(See Chromatography 〈621〉, System Suitability.) (mg) (µL)
Mode:  LC

0.5 800Detector:  UV 205 nm
1 400Column:  4.0-mm × 5.5-cm; 3-µm packing L1
5 80Column temperature:  60°

Flow rate:  1 mL/min
[NOTE—For products with strengths other than those listed in Ta-Injection size:  5 µL
ble 2, adjust the injection volume to deliver an equivalent amountSystem suitability
of tacrolimus into the column.]Sample:  Standard solution

System suitability[NOTE—The relative retention times for tacrolimus 19-epimer
Sample:  Standard solutionand tacrolimus are 0.67 and 1.0, respectively.]
Suitability requirementsSuitability requirements
Resolution:  NLT 1.5 between tacrolimus 1S19-epimer andTailing factor:  NMT 2.0
tacrolimusRelative standard deviation:  NMT 3.0% for the sum of

Column efficiency:  NLT 3000 theoretical platesthe tacrolimus and tacrolimus 19-epimer peaks
Tailing factor:  NMT 1.5Analysis
Relative standard deviation:  NMT 1.5%Samples:  Standard solution and Sample solution

AnalysisCalculate the percentage of tacrolimus (C44H69NO12) in the
Samples:  Standard solution and Sample solutionportion of Capsules taken:
Calculate the percentage of the labeled amount of
tacrolimus (C44H69NO12) dissolved:Result = (rU/rS) × (CS/CU) × 100

Result = (rU/rS) × CS × D × V × (100/L)rU = sum of the peak responses of tacrolimus and
tacrolimus 19-epimer from the Sample solution

rU = peak response of tacrolimus from the SamplerS = sum of the peak responses of tacrolimus and
solutiontacrolimus 19-epimer from the Standard solu-

rS = peak response of tacrolimus from the Standardtion
solutionCS = concentration of USP Tacrolimus RS in the Stan-

CS = concentration of USP Tacrolimus RS in the Stan-dard solution (mg/mL)
dard solution (mg/mL)CU = nominal concentration of the Sample solution

D = dilution factor of the Sample solution(mg/mL)
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V = volume of Medium, 900 mL Mode:  LC
L = label claim (mg/Capsule) Detector:  UV 210 nm

Tolerances:  NLT 80% (Q) of the labeled amount of Column:  4.6-mm × 10-cm; 5-µm packing L1
tacrolimus (C44H69NO12) is dissolved. Column temperature:  60°

Test 2:  If the product complies with this test, the labeling Flow rate:  1.3 mL/min
indicates that it meets USP Dissolution Test 2. Injection size:  100 µL
[NOTE—Allow the Standard solution to stand for 3 h at ambi- System suitability
ent temperature before use. Protect the solutions from light Sample:  Standard solution
by using low-actinic glassware.] Suitability requirements

Buffer:  Dissolve 6 g of sodium dodecyl sulfate and 8.28 g of Tailing factor:  NMT 2.0
monobasic sodium phosphate in 6000 mL of water. Adjust Relative standard deviation:  NMT 2.0%
with 2 N sodium hydroxide to a pH of 7.0. Analysis

Medium:  Buffer; 900 mL Samples:  Standard solution and Sample solution
Apparatus 2:  50 rpm, with sinkers Calculate the percentage of the labeled amount of
Time:  60 min tacrolimus (C44H69NO12) dissolved:
Standard stock solution:  0.2 mg/mL of USP Tacrolimus RS

Result = (rU/rS) × (CS/L) × V × 100in alcohol and Medium (3:7). [NOTE—Dissolve USP Tacrolimus
RS in alcohol using 30% of the final volume. Sonicate until

rU = sum of the peak responses of tacrolimus,dissolved and dilute with Medium to volume.]
tacrolimus 19-epimer, and tacrolimus openStandard solution:  Dilute the Standard stock solution with
ring from the Sample solutionMedium to obtain a final concentration of 5 µg/mL.

rS = sum of the peak responses of tacrolimus,Sample solution:  Pass a portion of the solution under test
tacrolimus 19-epimer, and tacrolimus openthrough a suitable filter.
ring from the Standard solutionSolution A:  6 mM phosphoric acid

CS = concentration of the Standard solution (mg/mL)Mobile phase:  Acetonitrile, tert-butyl methyl ether, and Solu-
L = label claim (mg/Capsule)tion A (335:50:600)
V = volume of Medium, 900 mLChromatographic system

Tolerances:  NLT 75% (Q) of the labeled amount of(See Chromatography 〈621〉, System Suitability.)
tacrolimus (C44H69NO12) is dissolved.Mode:  LC

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meets the requirementsDetector:  UV 205 nm
Column:  4.0-mm × 5.5-cm; 3-µm packing L1 IMPURITIESColumn temperature:  60° Organic ImpuritiesFlow rate:  1.2 mL/min • PROCEDURE 1Injection size:  100 µL [NOTE—Use Organic Impurities, Procedure 1 when the impuritySystem suitability profile includes tacrolimus diene and tacrolimus regioisomer.Sample:  Standard solution It is suggested that new columns be conditioned with aboutSuitability requirements 500 mL of ethanol before use to meet the resolutionTailing factor:  NMT 2.0 criterion.]Relative standard deviation:  NMT 5.0% for the sum of Mobile phase:  Hexane, n-butyl chloride, and acetonitrilethe areas of tacrolimus and tacrolimus 19-epimer (7:2:1). Add n-butyl chloride to hexane and mix well beforeAnalysis adding acetonitrile. After adding acetonitrile, mix the MobileSamples:  Standard solution and Sample solution phase for 2 h to get a clear solution. Any deviations from theCalculate the percentage of the labeled amount of ratio of components in the Mobile phase and the order oftacrolimus (C44H69NO12) dissolved: mixing will result in a two-phase solution.

System suitability solution:  0.1 mg/mL each of USPResult = (rU/rs) × (CS/L) × V × 100
Tacrolimus RS and USP Tacrolimus Related Compound A RS
in Mobile phaserU = sum of the peak responses of tacrolimus and

Sample solution:  Transfer the contents of a suitable numbertacrolimus 19-epimer from the Sample solution
of Capsules (equivalent to about 5 mg of tacrolimus for 0.5-rS = sum of the peak responses of tacrolimus and
mg Capsules or 10 mg of tacrolimus for 1-mg and 5-mgtacrolimus 19-epimer from the Standard solu-
Capsules) into a centrifuge tube. Add 1.5 mL of a mixture oftion
n-butyl chloride and acetonitrile (2:1), sonicate in an ul-CS = concentration of the Standard solution (mg/mL)
trasonic bath for 2 min, add 3.5 mL of n-hexane, and mix.L = label claim (mg/Capsule)
Centrifuge this solution and collect the supernatant or passV = volume of Medium, 900 mL
the solution through a 0.5-µm membrane filter. Use the solu-Tolerances:  NLT 80% (Q) of the labeled amount of
tion within 30 min of preparation.tacrolimus (C44H69NO12) is dissolved.

Chromatographic systemTest 3:  If the product complies with this test, the labeling
(See Chromatography 〈621〉, System Suitability.)indicates that it meets USP Dissolution Test 3.
Mode:  LCMedium:  50 mg/L of hydroxypropyl cellulose in water. Ad-
Detector:  UV 225 nmjust with phosphoric acid to a pH of 4.5; 900 mL
Column:  Two 4.6-mm × 25-cm columns; 5-µm packingApparatus 2 (without sinker), Time, and Sample solution:
L20Proceed as directed for Test 1.

Column temperature:  28 ± 2°Buffer:  3.6 g/L of monobasic potassium phosphate in water.
Flow rate:  1.5 mL/min. [NOTE—Adjust the flow rate so thatAdjust with diluted phosphoric acid to a pH of 2.5.
the retention time of tacrolimus is approximately 15 min.Mobile phase:  Buffer and acetonitrile (1:1)
The flow rate may not be adjusted by more than ±10%.]Standard stock solution:  0.1 mg/mL of USP Tacrolimus RS

Injection size:  20 µLin acetonitrile
Run time:  Three times the retention time of tacrolimusStandard solution:  Dilute the Standard stock solution with

System suitabilityMedium to obtain a final concentration of (L/900) mg/mL,
Sample:  System suitability solutionwhere L is the Capsule label claim.
Suitability requirementsChromatographic system
Resolution:  NLT 1.1 between tacrolimus and tacrolimus(See Chromatography 〈621〉, System Suitability.)
related compound A
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Tailing factor:  NMT 1.5 Solution C:  Solution A and Solution B (4:1)
Relative standard deviation:  NMT 2.0% Solution D:  Solution A and Solution B (1:4)

Analysis Mobile phase:  See Table 4.
Sample:  Sample solution
Calculate the percentage of each impurity in the portion of Table 4
Capsules taken:

Time Solution C Solution D
Result = (rU/Fi) × [1/Σ(rU/Fi)] × 100 (min) (%) (%)

0 74 26
rU = peak response of each impurity in the Sample

45 74 26solution
60 15 85Fi = relative response factor for each corresponding
75 15 85impurity (see Table 4 Table 3)

Acceptance criteria: 76 74 26
Individual impurities:  See Table 4. 85 74 26
Total impurities:  NMT 0.3%
 See Table 3. Disregard peaks due to the solvent. Solution E:  50 g/L polyoxyethylene (23) lauryl ether in Solu-

tion A. [NOTE—Polyoxyethylene (23) lauryl ether is also called
Brij-35.]Table 4Table 3

Diluent:  Acetonitrile and Solution E (7:3)
Relative Relative Acceptance System suitability solution:  1.5 mg/mL of USP Tacrolimus

Retention Response Criteria, System Suitability RS in Diluent
Name Time Factor NMT (%) Standard solution:  7.5 µg/mL of USP Tacrolimus RS in

DiluentTacrolimus dienea 0.79 2.2 0.3
Sensitivity solution:  1.5 µg/mL of USP Tacrolimus RS in Dilu-Tacrolimus regioisomerb 0.88 1.0 0.5
ent from Standard solutionTacrolimus impurity 1c 0.96 1.0 0.3 Sample solution:  Equivalent to 1.5 mg/mL of tacrolimus in

Tacrolimus related com- Diluent. [NOTE—Shake the mixture on a mechanical shaker
pound Ad 0.96 — — for 30 min and pass through a suitable filter.]

Tacrolimus 1.0 — — Chromatographic system
Tacrolimus 19-epimere 1.1 1.0 5.0 (See Chromatography 〈621〉, System Suitability.)

Mode:  LCTacrolimus open ringf 1.3 1.0 3.0
Detector:  UV 220 nmAny individual unspeci-
Column:  4.6-mm × 15-cm; 3-µm packing L1fied impurity — 1.0 0.2
Column temperature:  60°Total impuritiesg — — 1.0 Flow rate:  1.5 mL/min

a (14E,18E)-17-Allyl-1-hydroxy-12- [(E)-2-(-4-hydroxy-3-methoxycyclohexyl)-1- Injection size:  40 µL
methylvinyl]-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-dioxa-4-azatri- System suitability
cyclo[22.3.1.0 4,9] octacosa-14,18-diene-2,3,10,16-tetrone. Samples:  System suitability solution, Standard solution, and
b (4E,11E)-10-Allyl-7,8,10,13,14,15,16,17,18,19,20,21,26,22,28,28a-hex- Sensitivity solution
adecahydro-7,21-dihydroxy-3-(4-hydroxy-3-methoxycyclohexyl)-16,18- Suitability requirements
dimethoxy-4,6,12,14,20-pentamethyl-17,21-epoxy-3H-pyrido[2,1-c][1,4]ox- Signal-to-Noise ratio:  NLT 10.0, Sensitivity solution
aazacyclopentacosine-1,9,22,23(6H,25H)-tetrone. Resolution:  NLT 3.0 between tacrolimus and ascomycin,
cTacrolimus impurity 1 is a specified, unidentified impurity. System suitability solution
d For information only. Not to be reported. Relative standard deviation:  NMT 10.0% for the sum of
e (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8-Ally- the responses of tacrolimus and tacrolimus 19-epimer,
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19- Standard solution
dihydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1- Analysis
methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido Samples:  Standard solution and Sample solution
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone. Calculate the percentage of each impurity in the portion of
f (3S,4R,5S,8R,12S,14S,15R,16S,18R,26aS,E)-8-Ally- Capsules taken:
l-5,6,11,12,13,14,15,16,17,18,24,25,26,26a-tetradecahydro-5,15,20,20-tetra-
hydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1- Result = (rU/rS) × (CS/CU) × P × 100
methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-3H-pyrido[2,1-c][1,4]ox-
aazacyclotricosine-1,7,19,21(4H,8H,20H,23H)-tetrone. rU = peak response of each impurity from the Sample
g Total impurities limit does not include tacrolimus open ring and tacrolimus solution
19-epimer. rS = sum of the peak responses for tacrolimus 19-

epimer and tacrolimus from the Standard solu-• PROCEDURE 2 tion[NOTE—Use Organic Impurities, Procedure 2 when the impurity CS = concentration of USP Tacrolimus RS in the Stan-profile includes tacrolimus 21-carboxylic acid and tacrolimus dard solution (mg/mL)8-epimer. It is suggested to equilibrate the column overnight CU = nominal concentration of tacrolimus in the Sam-with a mixture of Solution C and Solution D (17:3) before ple solution (mg/mL)performing this procedure. Allow the System suitability solu- P = potency of tacrolimus in USP Tacrolimus RStion, Standard solution, and Sample solution to stand for 3 h (mg/mg)at ambient temperature before use. Protect the solutions Acceptance criteria:  See Table 5. Disregard peaks that arefrom light by using low-actinic glassware.] smaller than the tacrolimus peak in the Sensitivity solution.Solution A:  6 mM phosphoric acid
Solution B:  Acetonitrile and tert-butyl methyl ether (81:19).
[NOTE—The ratio of acetonitrile to tert-butyl methyl ether is
critical.]
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Table 5 • USP REFERENCE STANDARDS 〈11〉
USP Tacrolimus RS

Relative Acceptance USP Tacrolimus Related Compound A RS
Retention Criteria, (E)-8-Ethyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-

Name Time NMT (%) hexadecahydro-5,19-dihydroxy-3-[(E)-2-(4-hydroxy-3-
Tacrolimus 21-carboxylic methoxycyclohexyl)-1-methylvinyl]-14,16-
acida 0.18 0.5 dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido

Tacrolimus open ringb, c 0.49 — [2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone.
C43H69NO12 792.01Ascomycin 19-epimerd 0.52 —

USP Tacrolimus System Suitability RSTacrolimus 19-epimerb,e 0.62 —
It contains tacrolimus, ascomycin

Ascomycinf,g 0.84 — ((3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-8-
Desmethyl tacrolimusf,h 0.91 — Ethyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hex-
Tacrolimus 1.0 — adecahydro-5,19-dihydroxy-3-[(E)-2-[(1R,3R,4R)-4-hy-
Tacrolimus 8-epimeri 1.28 0.2 droxy-3-methoxycyclohexyl]-1-methylvinyl]-14,16-

dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyridoTacrolimus 8-propyl ana-
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetronelogf,j 1.30 —

C43H69NO12 792.01Any individual unspecified
and tacrolimus 8-propyl analogimpurity — 0.2
((3S,4R,5S,8S,9E,12S,14S,15R,16S,18R,19R,26aS)-5,6,8,11,

Total impurities — 1.5 12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-
a 2-[(2R,3R,5S,6R)-6-{(1S,3S,5E,7R,10S,11R,12S,13E)-7-Allyl-10-hydroxy-14- dihydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxy-
{(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl}-1-methoxy-3,5,11,13-te- cyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18-te-
tramethyl-8-oxo-12-[(S)-piperidine-2-carbonyloxy]tetradeca-5,13-dienyl}-2-hy- tramethyl-15,19-epoxy-8-pro-pyl-3H-pyrido[2,1-c]
droxy-5-methoxy-3-methyltetrahydro-2H-pyran-2-yl]-2-oxoacetic acid. [1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)tetrone.
b Tacrolimus open ring and tacrolimus 19-epimer are isomers of tacrolimus, C44H71NO12 806.03▲USP35
which are present in equilibrium with the active ingredient. They are not to be
reported as degradation products.
c (3S,4R,5S,8R,12S,14S,15R,16S,18R,26aS,E)-8-Ally-
l-5,6,11,12,13,14,15,16,17,18,24,25,26,26a-tetradecahydro-5,15,20,20-tetra- BRIEFING
hydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-
methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-3H-pyrido[2,1-c][1,4]ox-
aazacyclotricosine-1,7,19,21(4H,8H,20H,23H)-tetrone. Temazepam,  USP 32 page 3674. As a part of USP monograph
d (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8-Ethy- modernization efforts, the following changes for this monograph
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19- are proposed:
dihydroxy-3-[(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1- 1.  The use of Internal standard solution is removed from the
methylvinyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido Assay, and other relevant changes are proposed. The tailing
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone. factor system suitability requirement is revised from 2 to
e (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19S,26aS)-8-Ally- 2.0, and the column particle size is specified.
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19- 2.  The TLC-based procedure for Organic Impurities is replaced
dihydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1- with two separate HPLC-based methods. The procedure for
methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido Limit of Temazepam Related Compound A is used to quantify
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone. the percentage of temazepam related compound A in the
f These are process impurities that are controlled in the drug substance. They drug substance. The liquid chromatographic procedure is
are not to be reported in the drug product. based on analyses performed with the Symmetry C18
g (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Ethy- brand of L1 column. The typical retention times for the
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19- temazepam and temazepam related compound A peaks are
dihydroxy-3-[(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1- 2.1 min and 14 min, respectively. The procedure for Other
methylvinyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido Organic Impurities is used to quantify all other individual
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone. impurites. These impurities are based on the impurities
h (3S,4R,5S,8R,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Ally- specified in the Temazepam monograph in the European
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19- Pharmacopoeia, version 6.0. The liquid chromatographic
dihydroxy-3-[(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1- procedure is based on analyses performed with the Synergi
methylvinyl]-14,16-dimethoxy-4,12,18-trimethyl-15,19-epoxy-3H-pyrido[2,1-c] Polar brand of L11 column. The typical retention time for
[1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone. temazepam is 16.1 min.
i (3S,4R,5S,8S,9E,12S,14S,15R,16S,18R,19R,26aS)-8-Ally-
l-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-
dihydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-

(SM4: H. Ramanathan, R. Ravichandran.) RTS—C83410methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido
[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.
j (3S,4R,5S,8S,9E,12S,14S,15R,16S,18R,19R,26aS)-
5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-

.dihydroxy-3-{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-
methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-8- Temazepam
propyl-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers. Store at

controlled room temperature.
• LABELING:  If a test for Organic Impurities other than Procedure 1

is used, then the labeling states with which Organic Impurities
test the article complies. When more than one Dissolution test
is given, the labeling states the Dissolution test used only if Test
1 is not used.

C16H13ClN2O2 300.74
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2H-1,4-Benzodiazepin-2-one, 7-chloro-1,3-dihydro-3-hydroxy-1- Mobile phase:  Acetonitrile and Buffer (47:53)
methyl-5-phenyl-; Diluent:  Methanol and water (90:10)

7-Chloro-1,3-dihydro-3-hydroxy-1-methyl-5-phenyl-2H-1,4- Standard solution:  0.2 mg/mL of USP Temazepam RS in
benzodiazepin-2-one [846-50-4]. Diluent

Sample solution:  0.2 mg/mL of Temazepam in Diluent
DEFINITION Chromatographic system
Temazepam contains NLT 98.0% and NMT 102.0% of (See Chromatography 〈621〉, System Suitability.)

C16H13ClN2O2, calculated on the dried basis. [CAUTION— Mode:  LC
Temazepam is a potent sedative: its powder should not be Detector:  UV 254 nm
inhaled.] Column:  4-mm × 25-cm; 5-µm packing L16

Flow rate:  2 mL/minIDENTIFICATION Injection size:  10 µL• A. INFRARED ABSORPTION 〈197K〉 System suitability• B.  The retention time of the major peak of the Sample solution Sample:  Standard solutioncorresponds to that of the Standard solution, as obtained in Suitability requirementsthe Assay. Column efficiency:  NLT 800 theoretical plates
Tailing factor:  NMT 2.0ASSAY
Relative standard deviation:  NMT 2.0%

Analysis
Delete the following: Samples:  Standard solution and Sample solution

Calculate the percentage of temazepam (C16H13ClN2O2) in the
portion of sample taken:

▲• PROCEDURE
Buffer:  2.722 mg/mL of monobasic potassium phosphate. Ad- Result = (rU/rS) × (CS/CU) × 100
just with phosphoric acid to a pH of 3.0.

Mobile phase:  Acetonitrile and Buffer (47:53) rU = peak response from the Sample solution
Internal standard solution:  0.2 mg/mL of benzophenone in a rS = peak response from the Standard solution
mixture of methanol and water (9:1) CS = concentration of USP Temazepam RS in the Stan-

Standard solution:  0.2 mg/mL of USP Temazepam RS in In- dard solution (mg/mL)
ternal standard solution CU = concentration of Temazepam in the Sample solu-

Sample solution:  0.2 mg/mL of Temazepam in Internal stan- tion (mg/mL)
dard solution Acceptance criteria:  98.0%–102.0% on the dried basis▲USP35

Chromatographic system
IMPURITIES(See Chromatography 〈621〉, System Suitability.)
Inorganic ImpuritiesMode:  LC
• RESIDUE ON IGNITION 〈281〉:  NMT 0.1%Detector:  UV 254 nm
• HEAVY METALS, Method II 〈231〉:  20 ppmColumn:  4-mm × 25-cm; packing L16

Flow rate:  2 mL/min
Injection size:  10 µL Delete the following:System suitability
Sample:  Standard solution
[NOTE—The relative retention times for temazepam and ben- ▲Organic Impurities
zophenone are 1 and about 2, respectively.] • PROCEDURE

Suitability requirements Standard stock solution:  10 mg/mL of USP Temazepam RS
Resolution:  NLT 1 between the temazepam peak and any in chloroform
other peak Standard solution A:  1 mg/mL from the Standard stock solu-

Column efficiency:  NLT 800 theoretical plates tion in chloroform
Tailing factor:  NMT 2 Standard solution B:  0.05 mg/mL from the Standard stock
Relative standard deviation:  NMT 2.0% solution in chloroform

Analysis Sample solution:  10 mg/mL of Temazepam in chloroform
Samples:  Standard solution and Sample solution Chromatographic system
Calculate the percentage of C16H13ClN2O2 in the portion of  (See Chromatography 〈621〉, Thin-Layer Chromatography.)
Temazepam taken: Mode:  TLC

Absorbent:  0.25-mm layer of chromatographic silica gel
Result = (RU/RS) × (CS/CU) × 100 mixture

Application volume:  10 µLRU = peak response ratio of temazepam to the internal Developing solvent system:  Cyclohexane, chloroform,standard from the Sample solution methanol, and ammonium hydroxide (50:40:12:1)RS = peak response ratio of temazepam to the internal Analysis:  Develop the chromatograms in the Developing sol-standard from the Standard solution vent system until the solvent front has moved about 10 cmCS = concentration of USP Temazepan RS in the Stan- above the point of application. Remove the plate from thedard solution (mg/mL) developing chamber, mark the solvent front, and allow theCU = concentration of Temazepan in the Sample solu- solvent to evaporate. Examine the plate under short-wave-tion (mg/mL) length UV light, and compare the intensities of any second-Acceptance criteria:  98.0%–102.0% on the dried basis▲USP35 ary spots observed in the chromatogram of the Sample solu-
tion with those of the principal spots in the chromatograms
of the Standard solutions.Add the following:

Acceptance criteria:  No secondary spot from the Sample so-
lution is greater in intensity than 1.0%. The sum of the inten-

▲• PROCEDURE sities of secondary spots from the Sample solution corre-
Buffer:  2.7 g/L of monobasic potassium phosphate. Adjust sponds to NMT 2.0%.▲USP35
with phosphoric acid to a pH of 3.0.
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Temazepam Related Compound G in Diluent, from the Stan-Add the following:
dard stock solution

Sample solution:  1 mg/mL of Temazepam prepared as fol-
▲Organic Impurities lows: Dissolve first in acetonitrile using 30% of final volume,
• LIMIT OF TEMAZEPAM RELATED COMPOUND A and dilute with Solution A to volume.

Buffer:  3.9 g/L of ammonium acetate in water Chromatographic system
Mobile phase:  Acetonitrile and Buffer (50:50) (See Chromatography 〈621〉, System Suitability.)
Diluent:  Acetonitrile and Buffer (30:70) Mode:  LC
Standard stock solution:  0.1 mg/mL of USP Temazepam Re- Detector:  UV 254 nm
lated Compound A RS prepared as follows: Dissolve first in Column:  4.6-mm × 25-cm; 4-µm packing L11
acetonitrile using 30% of final volume, and dilute with Buffer Column temperature:  35°
to volume. Flow rate:  1.2 mL/min

Standard solution:  0.5 µg/mL of USP Temazepam Related Injection size:  10 µL
Compound A RS in Diluent, from the Standard stock solution System suitability

Sample solution:  1 mg/mL of Temazepam prepared as fol- Sample:  Standard solution
lows: Dissolve first in acetonitrile using 30% of final volume, Suitability requirements
and dilute with Buffer to volume. Resolution:  NLT 1.5 between temazepam related com-

Chromatographic system pound F and temazepam; NLT 1.5 between temazepam
(See Chromatography 〈621〉, System Suitability.) and temazepam related compound G
Mode:  LC Tailing factor:  NMT 2.0 for Temazepam peak
Detector:  UV 237 nm Relative standard deviation:  NMT 5.0% for the
Column:  4.6-mm × 7.5-cm; 3.5-µm packing L1 temazepam peak
Column temperature:  30° Analysis
Flow rate:  1 mL/min Samples:  Standard solution and Sample solution
Injection size:  5 µL Calculate the percentage of each individual impurity in the
Run time:  1.5 times the retention time of temazepam re- portion of Temazepam taken:
lated compound A

Result = (rU/rS) × (CS/CU) × (1/F) × 100System suitability
Sample:  Standard solution

rU = peak response of each impurity from the Sample[NOTE—The relative retention times for temazepam and
solutiontemazepam related compound A are 1.0 and about 6.7,

rS = peak response of temazepam from the Standardrespectively.]
solutionSuitability requirements

CS = concentration of USP Temazepam RS in theTailing factor:  NMT 1.5
Standard solution (mg/mL)Relative standard deviation:  NMT 5.0%

CU = concentration of Temazepam in the Sample solu-Analysis
tion (mg/mL)Samples:  Standard solution and Sample solution

F = relative response factor (See Table 2)Calculate the percentage of temazepam related compound A
Acceptance criteria:  See Table 2.in the portion of Temazepam taken:

Result = (rU/rS) × (CS/CU) × 100 Table 2

rU = peak response of temazepam related compound Relative Relative Acceptance
A from the Sample solution Retention  Response  Criteria,

rS = peak response of temazepam related compound Compound Time  Factor NMT (%)
A from the Standard solution Oxazepam1 0.76 1.0 0.2

CS = concentration of USP Temazepam Related Com- Methylnordazepam 0.88 1.0 0.2
pound A RS in the Standard solution (mg/mL) N-oxide2

CU = concentration of Temazepam in the Sample solu-
Temazepam related 0.93 0.66  0.2tion (mg/mL)
compound F3

Acceptance criteria:  NMT 0.05%
Temazepam 1.0 1.0 —• OTHER ORGANIC IMPURITIES
Temazepam related 1.1 0.60  0.2Solution A:  3.9 g/L of ammonium acetate in water
compound G4Solution B:  Acetonitrile

Diluent:  Acetonitrile and Solution A (30:70) O-Methyl 1.2 1.0  0.2
Mobile phase:  See Table 1. temazepam5

O-Acetyl 1.4 1.0  0.2
temazepam6Table 1

Any individual — 1.0  0.10
Time Solution A Solution B unspecified
(min) (%) (%) impurity

0 70 30 Total impurities7 — — 0.5%
3 70 30 1 7-Chloro-1,3-dihydro-3-hydroxy-5-phenyl-2H-1,4-benzodiazepin-2-one.

25 40 60 2 7-Chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide.
30 40 60 3 7-Chloro-1-methyl-5-phenyl-1H-1,4-benzodiazepine-2,3-dione.

4 7-Chloro-1,4-dimethyl-5-phenyl-4,5-dihydro-1H-1,4-benzodiazepine-2,3-dione.35 70 30
5 7-Chloro-1,3-dihydro-3-methoxy-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-45 70 30
one.
6 7-Chloro-1-methyl-2-oxo-5-phenyl-2,3-dihydro-1H-1,4-benzodiazepin-3-yl ace-Standard stock solution:  0.1 mg/mL each of USP
tate.Temazepam RS, USP Temazepam Related Compound F RS,
7 Does not include temazepam related compound A.and USP Temazepam Related Compound G RS prepared as

follows: Dissolve the standards first in acetonitrile using 30%
of final volume, and dilute with Solution A to volume.

▲USP35
Standard solution:  1 µg/mL each of USP Temazepam RS,
USP Temazepam Related Compound F RS, and USP
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SPECIFIC TESTS Sample solution:  Finely powder NLT 20 Tablets. Transfer a
• LOSS ON DRYING 〈731〉:  Dry a sample at 105° for 2 h: it loses portion of the powder, equivalent to 50 mg of tramadol hy-

NMT 0.5% of its weight. drochloride, into a 100-mL volumetric flask, add 70 mL of
0.1 N hydrochloric acid, sonicate for 5 min, and shake for 10

ADDITIONAL REQUIREMENTS min. Dilute with 0.1 N hydrochloric acid to volume, and mix.
• PACKAGING AND STORAGE:  Preserve in well-closed, light-resistant Pass a portion of this solution through a suitable filter, discard-

containers. ing the first 20 mL of the filtrate. Transfer 10 mL of the clear
filtrate into a 50-mL volumetric flask, dilute with 0.1 N hydro-
chloric acid to volume, and mix.Change to read:

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC• USP REFERENCE STANDARDS 〈11〉
Detector:  UV 273 nmUSP Temazepam RS
Column:  3.9-mm × 15-cm; packing L7▲USP Temazepam Related Compound A RS
Flow rate:  2 mL/min 5-Chloro-2-methylaminobenzophenone.
Injection size:  20 µLC14H12ClNO 245.70

System suitabilityUSP Temazepam Related Compound F RS
Sample:  Standard solution 7-Chloro-1-methyl-5-phenyl-1H-1,4-benzodiazepine-2,3-
Suitability requirementsdione.

Relative standard deviation:  NMT 2.0%C16H11ClN2O2  298.72
AnalysisUSP Temazepam Related Compound G RS
Samples:  Standard solution and Sample solution 7-Chloro-1,4-dimethyl-5-phenyl-4,5-dihydro-1H-1,4-
Calculate the percentage of C16H25NO2 · HCl in the portion ofbenzodiazepine-2,3-dione.
Tablets taken:C17H15ClN2O2 314.77▲USP35

Result = (rU/rS) × (CS/CU) × 100

rU = peak response from the Sample solutionBRIEFING
rS = peak response from the Standard solution
CS = concentration of USP Tramadol Hydrochloride RS

in the Standard solution (mg/mL)Tramadol Hydrochloride Tablets,  USP 33 Reissue page CU = nominal concentration of tramadol hydrochlo-R-545. It is proposed to update the information regarding the ride in the Sample solution (mg/mL)filter used in the Dissolution test. Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS
(SM2:  M. Marques.) RTS—C93870

Change to read:

• DISSOLUTION 〈711〉
Medium:  0.1 N hydrochloric acid; 900 mLAdd the following:
Apparatus 1:  100 rpm
Time:  30 min

. Solution A, Mobile phase, Chromatographic system, and
System suitability:  Prepare as directed in the Assay.▲Tramadol Hydrochloride Tablets

Standard solution:  0.055 mg/mL of USP Tramadol Hydro-
chloride RS in MediumDEFINITION

Sample solution:  Withdraw 9 mL from the dissolution vessel,Tramadol Hydrochloride Tablets contain NLT 90.0% and NMT
and pass through a 0.80-µm glass fiber▲suitable▲USP35 filter.110.0% of the labeled amount of tramadol hydrochloride
Discard the first 3 mL of the filtrate.(C16H25NO2 · HCl).

Analysis
Samples:  Standard solution and Sample solutionIDENTIFICATION
Calculate the percentage of C16H25NO2 · HCl dissolved:• A. INFRARED ABSORPTION 〈197K〉

Sample solution:  Transfer powdered Tablets, equivalent to
Result = (rU/rS) × (CS/L) × V × 100200 mg of tramadol hydrochloride, into a 50-mL volumetric

flask, add 20 mL of dichloromethane, and sonicate. Filter, and
rU = peak response from the Sample solutiontransfer the clear supernatant to a separating funnel. Extract
rS = peak response from the Standard solutionthe dichloromethane layer with two 10-mL portions of 2 N
CS = concentration of USP Tramadol Hydrochloride RSsodium hydroxide, and discard the aqueous layer. Dry the di-

in the Standard solution (mg/mL)chloromethane layer over anhydrous sodium sulfate, and filter.
L = label claim (mg/Tablet)Evaporate this solution to dryness under a stream of nitrogen.
V = volume of Medium, 900 mL• B.  The retention time of the major peak of the Sample solution

Tolerances:  NLT 80% (Q) of the labeled amount ofcorresponds to that of the Standard solution, as obtained in
C16H25NO2 · HCl is dissolved.the Assay.

• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirements
Procedure for content uniformityASSAY
Solution A, Mobile phase, Standard solution, Chromato-• PROCEDURE
graphic system, and System suitability:  Prepare as directedSolution A:  Dissolve 5 mL of perchloric acid in 950 mL of
in the Assay.water in a 1-L volumetric flask, add 4 mL of 25% ammonia

Sample solution:  Transfer 1 whole Tablet to a 100-mL volu-water, dilute with water to volume, and mix. Adjust with 25%
metric flask, add 70 mL of 0.1 N hydrochloric acid, sonicateammonia water to a pH of 2.2 ± 0.2.
until the Tablet is completely disintegrated, and shake for 10Mobile phase:  Acetonitrile and Solution A (23:77)
min. Dilute with 0.1 N hydrochloric acid to volume, and mix.Standard solution:  0.1 mg/mL of USP Tramadol Hydrochlo-
Pass a portion of this solution through a suitable filter, dis-ride RS in 0.1 N hydrochloric acid
carding the first 20 mL of the filtrate. Transfer 10 mL of the
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clear filtrate into a 50-mL volumetric flask, dilute with 0.1 N Acceptance criteria
hydrochloric acid to volume, and mix. Individual unspecified impurities:  See Impurity Table 1.

Analysis
Samples:  Standard solution and Sample solution Impurity Table 1

Calculate the percentage of C16H25NO2 · HCl in the Tablet
taken: Relative Relative Acceptance

 Retention  Response  Criteria,
Result = (rU/rS) × (CS/CU) × 100 Name  Time  Factor  NMT (%) 

RS,SR-1-(3-Methoxy-
rU = peak response from the Sample solution phenyl)-2-(dimethyl-
rS = peak response from the Standard solution aminomethyl)cyclo-
CS = concentration of USP Tramadol Hydrochloride RS hexanol hydrochlo-

in the Standard solution (mg/mL) ridea 0.85 1.00 0.2
CU = nominal concentration of tramadol hydrochlo-

Tramadol hydrochlo-ride in the Sample solution (mg/mL)
ride 1.00 — —

1-(3-Methox-IMPURITIES
yphenyl)-2-(dimethy-Organic Impurities
laminomethyl)• PROCEDURE
cyclohex-1-ene hydro-Solution A and Mobile phase:  Prepare as directed in the
chloride 5.27 1.00 0.2Assay.

System suitability solution:  0.2 mg/mL each of USP 1-(3-Methox-
Tramadol Hydrochloride RS and USP Tramadol Related Com- yphenyl)-2-(dimethy-
pound A RS in Mobile phase laminomethyl)

Standard solution:  6 µg/mL of USP Tramadol Hydrochloride cyclohex-6-ene hydro-
RS in Mobile phase chloride 4.27 1.27 0.2

System sensitivity solution:  Transfer 5 mL of the Standard Individual unspecified
solution into a 100-mL volumetric flask, dilute with Mobile impurity — 1.00 0.2
phase to volume, and mix. Total impurities — — 0.7%Sample solution:  Finely powder NLT 20 Tablets. Transfer a

 a Tramadol related compound A.portion of the powder, equivalent to 200 mg of tramadol
hydrochloride, into a 50-mL volumetric flask, add about 35 ADDITIONAL REQUIREMENTS
mL of Mobile phase, sonicate for 5 min, and shake for 10 • PACKAGING AND STORAGE:  Preserve in tight containers, and
min. Dilute with Mobile phase to volume, and mix. Pass a store at controlled room temperature.
portion of this solution through a suitable filter, and use the • USP REFERENCE STANDARDS 〈11〉
filtrate. USP Tramadol Hydrochloride RS

Chromatographic system USP Tramadol Related Compound A RS▲USP33
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 273 nm
Column:  3.9-mm × 15-cm; packing L7 BRIEFING
Flow rate:  1 mL/min
Injection size:  20 µL

System suitability Tramadol Hydrochloride Extended-Release Tablets.  Be-
Samples:  System suitability solution, Standard solution, and cause there is no existing USP monograph for this dosage form,
System sensitivity solution a new monograph, based on validated methods of analysis, is

Suitability requirements proposed. The liquid chromatographic procedure in the Assay is
Resolution:  NLT 2.0 between tramadol related compound based on analyses performed with a Zorbax Eclipse XBD-Phenyl
A and tramadol, System suitability solution brand of L11 column. The typical retention time for tramadol is

Relative standard deviation:  NMT 2.0%, Standard solu- about 8.6 min. The liquid chromatographic procedure in the
tion; NMT 10%, System sensitivity solution test for Organic Impurities is based on analyses performed with

Analysis an ACQUITY UPLC BEH SHIELD RP-18 brand of L1 column. The
Samples:  Standard solution and Sample solution typical retention time for tramadol is about 1.2 min.

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

(SM2: C. Anthony. GCDF: M. Marques.) RTS—C88339Result = (rU/rS) × (CS/CU) × (1/F) × 0.1

rU = peak response of each individual impurity from
the Sample solution

rS = peak response of tramadol from the Standard so-
lution Add the following:CS = concentration of USP Tramadol Hydrochloride RS
in the Standard solution (mg/mL)

CU = nominal concentration of tramadol hydrochlo-
.

ride in the Sample solution (mg/mL) ▲Tramadol Hydrochloride Extended-F = relative response factor (see Impurity Table 1) Release Tablets[NOTE—Disregard any peak that is shown to be due to sol-
vents or excipients.]

DEFINITION
Tramadol Hydrochloride Extended-Release Tablets contain NLT

90.0% and NMT 110.0% of the labeled amount of tramadol
hydrochloride (C16H25NO2 · HCl).
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IDENTIFICATION drawn with the same volume of Medium pre-heated at
• A.  The retention time of the major peak of the Sample solution 37.0 ± 0.5°.

corresponds to that of the Standard solution, as obtained in Analysis
the Assay. Wavelength:  UV 271 nm

• B. ULTRAVIOLET ABSORPTION 〈197U〉 Path length:  5 mm, flow cell
Sample solution:  Use the Sample solution in the Assay. Blank:  Medium
Analysis:  Using separate 1-cm cells, record the UV spectrum Samples:  Standard solution and Sample solution
of the Sample solution and Standard solution. Calculate the percentage of the labeled amount of tramadol

Acceptance criteria:  The UV absorption spectrum of the Sam- hydrochloride (C16H25NO2 · HCl) dissolved at each time point.
ple solution exhibits maxima and minima at the same wave- At 2 h:
length as that of a similar solution of the Standard solution.

Q2 = (AU/AS) × (CS/L) × V × 100
ASSAY
• PROCEDURE At 4 h:

Mobile phase:  Tetrahydrofuran, trifluroacetic acid, triethyl-
Q4 = [(AU/AS) × (CS/L) × V × 100] + [Q2 x (VS/V)]amine, and water (10:0.1:0.1:90). [NOTE—Maintain at a pH

range of 2.2–2.4.]
At 8 h:Standard stock solution:  1 mg/mL of USP Tramadol Hydro-

chloride RS by dissolving in 20% of the flask volume of meth-
Q8 = [(AU/AS) × (CS/L) × V × 100] + [Q2 x (VS/V)] + [Q4 x (VS/V)]anol. Sonicate if necessary, and dilute with water to volume.

Standard solution:  0.13 mg/mL of USP Tramadol Hydrochlo- At 10 h:ride RS in Mobile phase, from Standard stock solution
Sample solution:  0.13 mg/mL of tramadol hydrochloride in Q10 = [(AU/AS) × (CS/L) × V × 100] + [Q2 x (VS/V)] + [Q4 xMobile phase.  Prepared by dissolving 10 Tablets in 20% of the (VS/V)] + [Q8 x (VS/V)]flask volume of methanol, in a water bath for 60 min, at
about 60° with intermittent shaking. Sonicate for 10 min. Add At 16 h:
40% of the flask volume of water, and sonicate for 30 min. If
all Tablets are not fully disintegrated, then continue to soni- Q16 = [(AU/AS) × (CS/L) × V × 100] + [Q2 x (VS/V)] + [Q4 x
cate until disintegration is completed. Shake the flask vigor- (VS/V)] + [Q8 x (VS/V)] + [Q10 x (VS/V)]
ously for 10 min using a mechanical shaker, and dilute with
water to volume. Centrifuge a portion of the solution, pass AU = absorbance from the Sample solution
through a suitable nylon filter, and collect the filtrate after AS = absorbance from the Standard solution
discarding the first 2 mL. Pipet 5.0 mL of the filtrate into a CS = concentration of USP Tramadol Hydrochloride RS
200-mL volumetric flask, and dilute with Mobile phase to in the Standard solution (mg/mL)
volume. L = Tablet label claim (mg)

Chromatographic system V = volume of Medium, 900 mL
(See Chromatography 〈621〉, System Suitability.) VS = volume of sample withdrawn (mL)
Mode:  LC Tolerances:   The percentages of the labeled amount of
Detector:  UV 216 nm tramadol hydrochloride released at the times specified con-
Column:  4.6-mm × 15-cm; 5-µm packing L11 form to Acceptance Table 2.
Flow rate:  1 mL/min
Column temperature:  40° Table 1Injection size:  10 µL

System suitability Time
Sample:  Standard solution (h) Amount Dissolved
Suitability requirements 2 NMT 15%

Theoretical plates:  NLT 2000 4 10%–40%Tailing factor:  NMT 2.0
8 50%–85%Relative standard deviation:  NMT 2.0%
10 65%–95%Analysis
16 NLT 80%Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of tramadol
• UNIFORMITY OF DOSAGE UNITS 〈905〉:  Meet the requirementshydrochloride (C16H25NO2 · HCl) in the portion of Tablets

taken: IMPURITIES
Organic ImpuritiesResult = (rU/rS) × (CS/CU) × 100
• PROCEDURE

Mobile phase:  Acetonitrile, trifluroacetic acid, and waterrU = peak response from the Sample solution
(20:0.1:80)rS = peak response from the Standard solution

Diluent:  Methanol and water (1:4)CS = concentration of USP Tramadol Hydrochloride RS
Standard stock solution:  0.05 mg/mL of USP Tramadol Hy-in the Standard solution (mg/mL)
drochloride RS in Diluent by dissolving in 20% of the flaskCU = nominal concentration of tramadol hydrochlo-
volume of methanol. Sonicate if necessary, and dilute withride in the Sample solution (mg/mL)
water to volume.Acceptance criteria:  90.0%–110.0%

Standard solution:  2.5 µg/mL of USP Tramadol Hydrochlo-
PERFORMANCE TESTS ride RS in Diluent, from Standard stock solution
• DISSOLUTION 〈711〉 System suitability stock solution:  0.05 mg/mL each of USP

Medium:  0.1 N hydrochloric acid; 900 mL Tramadol Hydrochloride RS and USP Tramadol Related Com-
Apparatus 1:  75 rpm pound A RS in Diluent by dissolving in 20% of the flask vol-
Time:  2, 4, 8, 10, and 16 h ume of methanol. Sonicate if necessary, and dilute with
Standard solution:  (L/900) mg/mL of USP Tramadol Hydro- water to volume.
chloride RS in Medium, where L is the Tablet label claim in mg System suitability solution:  2.5 µg/mL each of USP

Sample solution:  Withdraw 10 mL of the solution under test, Tramadol Hydrochloride RS and USP Tramadol Related Com-
and pass through a suitable filter of 0.45-µm pore size, dis- pound A RS in Diluent, from System suitability stock solution
carding the first 4 mL of the filtrate. Replace the volume with- Sample solution:  1.2 mg/mL of Tramadol Hydrochloride in

Diluent. Finely powder NLT 20 Tablets. Transfer a portion of
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the powder, equivalent to 300 mg of tramadol hydrochlo- • USP REFERENCE STANDARDS 〈11〉
ride, into a 250-mL volumetric flask. Add about 50 mL of USP Tramadol Hydrochloride RS
methanol, and heat in a water bath for 20 min, at about (±)-cis-2-[(Dimethylamino)methyl]-1-(m-methoxyphenyl)
60°, with intermittent shaking to disperse the powder. Soni- cyclohexanol hydrochloride.
cate for 10 min. Add 100 mL of water, and sonicate with C16H25NO2 · HCl 299.84
intermittent shaking for 10 min. Shake the flask vigorously USP Tramadol Related Compound A RS
for 10 min using a mechanical shaker. Dilute with water to RS,SR-1-(3-Methoxyphenyl)-2-
volume, pass through a suitable nylon filter, and collect the (dimethylaminomethyl)cyclohexanol.
filtrate after discarding the first 4 mL of filtrate. C16H25NO2 · HCl 299.84▲USP35

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC

BRIEFINGDetector:  UV 216 nm
Column:  2.1-mm × 10-cm; 1.7-µm packing L1
Flow rate:  0.6 mL/min
Column temperature:  50° Valsartan and Hydrochlorothiazide Tablets,   page R-1483
Injection size:  3 µL of the Second Supplement of the USP 33 Reissue. It is proposed to
Run time:  6 min replace the spectrophotometric quantitative procedure in the

System suitability Dissolution test with an HPLC procedure. The chromatographic
Samples:   Standard solution and System suitability solution procedure was validated using the Xterra Phenyl brand of L11
Suitability requirements packing. The typical retention times are about 5 min for hydro-
Theoretical plates:  NLT 5000, Standard solution chlorothiazide and about 7 min for valsartan.
Capacity factor:  NLT 1.5, Standard solution
Tailing factor:  NMT 2.0, Standard solution
Resolution:  NLT 3.0 between tramadol related compound (SM2: M. Marques.) RTS—C74797A and tramadol, System suitability solution
Relative standard deviation:  NMT 6.0%, Standard
solution

Analysis
.Samples:  Standard solution and Sample solution Valsartan and HydrochlorothiazideCalculate the percentage of each impurity in the portion of
TabletsTablets taken:

Result = (rU/rS) × (CS/CU) × (1/F) × 100 DEFINITION
Valsartan and Hydrochlorothiazide Tablets contain NLT 90.0%

rU = peak response of each individual impurity from and NMT 110.0% of the labeled amounts of valsartan
the Sample solution (C24H29N5O3) and hydrochlorothiazide (C7H8ClN3O4S2).

rS = peak response of tramadol from the Standard so-
lution IDENTIFICATION

CS = concentration of USP Tramadol Hydrochloride RS • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
in the Standard solution (mg/mL) Sample solution:  To an amount of ground Tablets, equivalent

CU = nominal concentration of tramadol hydrochlo- in weight to a single Tablet, add 2.0 mL of acetone, sonicate
ride in the Sample solution (mg/mL) for 15 min, and centrifuge.

F = relative response factor (see Table 2) Application volume:  2 µL
Acceptance criteria Developing solvent system:  Ethyl acetate, dehydrated alco-

Individual unspecified impurities:  See Table 2. hol, and 3.6 M of ammonium hydroxide (8:2:1)
Analysis:  Proceed as directed in the chapter, except to de-
velop the plate in a paper-lined chromatographic chamberTable 2
equilibrated with Developing solvent system for 15 min before

Relative Relative Acceptance use. Allow the chromatogram to develop until the solvent
 Retention  Response  Criteria, front has moved at least 7 cm. After removing the plate and

Name  Time  Factor  NMT (%) marking the solvent front, dry the plate under a current of
warm air. The RF values of the principal spots obtained fromDesmethyl tramadol 0.57 1.0 0.1
the Sample solution correspond to those from the Standard(impurity D)a

solution.Tramadol related com- 0.84 1.00 0.2
• B.  The retention time of the major peak of the Sample solutionpound Ab

corresponds to that of the Standard solution, as obtained in
Tramadol hydrochlo- 1.00 — — the Assay.
ride

1,6 Olefinc 2.78 3.0 — ASSAY
• PROCEDURE1,2 Olefind 3.28 2.2 —

Diluent:  Acetonitrile and water (1:1)Individual unspecified — 1.0 0.1
Solution A:  Acetonitrile, water, and trifluoroacetic acidimpurity
(10:90:0.1)Total impurities — — 0.5%

Solution B:  Acetonitrile, water, and trifluoroacetic acid
 a 3-{(1RS,2RS)-2-[(Dimethylamino)methyl]-1-hydroxycyclohexyl}phenol. (90:10:0.1)
 b RS,SR-1-(3-Methoxyphenyl)-2-(dimethylaminomethyl)cyclohexanol. Mobile phase:  See Table 1.
 c 1-(3-Methoxyphenyl)-2-(dimethylaminomethyl) cyclohex-1-ene hydrochloride
(identified and reported as an individual unspecified impurity if present).

Table 1 d 1-(3-Methoxyphenyl)-2-(dimethylaminomethyl) cyclohex-6-ene hydrochloride
(identified and reported as an individual unspecified impurity if present). Time Solution A Solution B

 (min)  (%)  (%) ADDITIONAL REQUIREMENTS
0 90 10• PACKAGING AND STORAGE:  Preserve in tight containers, and
25 10 90store at controlled room temperature.
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Table 1 (Continued) Calculate the percentage of C7H8ClN3O4S2 dissolved:

Time Solution A Solution B Result = [(AT1 × C) − (AT2 × B)/(D × C) − (E ×B)] × 80,000
 (min)  (%)  (%) 

27 90 10 AT1 = absorbance of the Sample solution at 272 nm
40 90 10 AT2 = absorbance of the Sample solution at 250 nm

B = A1%V272, absorptivity (1%, 0.2 cm, 272 nm) of
Standard solution:  Transfer 12.5 mg of USP Hydrochlorothia- valsartan in Medium
zide RS to a 200-mL volumetric flask, and add 12.5J mg of C = A1%V250, absorptivity (1%, 0.2 cm, 250 nm) of
USP Valsartan RS, J being the ratio of the labeled amount, in valsartan in Medium
mg, of valsartan to the labeled amount, in mg, of hydrochlo- D = A1%H272, absorptivity (1%, 0.2 cm, 272 nm) of
rothiazide per Tablet. Add 100 mL of Diluent, sonicate for 15 hydrochlorothiazide in Medium
min, dilute with Diluent to 250 mL, and mix. Transfer 25.0 mL E = A1%H250, absorptivity (1%, 0.2 cm, 250 nm) of
of this solution to a 50-mL volumetric flask, dilute with Diluent hydrochlorothiazide in Medium
to volume, and mix. Dilute with Diluent to obtain a solution ▲Diluent:  Water and acetonitrile (1:1)
having a concentration of 0.2 mg/mL of USP Valsartan RS in Solution A:  0.2 M ammonium acetate (15.4 g/L of ammo-
Diluent. nium acetate in water), adjusted with glacial acetic acid to a

Sample stock solution:  To the equivalent of 62.5 mg of hy- pH of 5.6
drochlorothiazide from a number of Tablets add 5 mL of Solution B:  Acetonitrile
water, and allow to stand for 5 min. Then add 100 mL of Mobile phase:  See Table 2.
Diluent, sonicate for 15 min, and shake for 30 min. Dilute with
Diluent to 250 mL, and centrifuge a portion of this solution at

Table 23000 rpm. Dilute 25.0 mL of the clear supernatant with Dilu-
ent to 200.0 mL. Time Solution A Solution B

Sample solution:  0.2 mg/mL of valsartan, from Sample stock (min) (%) (%)
solution in Diluent 0 88 12

Chromatographic system
4 65 35(See Chromatography 〈621〉, System Suitability.)
7 88 12Mode:  LC
8 88 12Detector:  UV 265 nm

Column:  3.0-mm × 12.5-cm; 5-µm packing L1
System suitability solution:  80 µg/mL of USP Valsartan RS, 60Flow rate:  0.4 mL/min
µg/mL of USP Hydrochlorothiazide RS, 30 µg/mL of USPInjection size:  10 µL
Benzothiadiazine Related Compound A RS, and 200 µg/mL ofSystem suitability
USP Valsartan Related Compound B RS in Diluent. Transfer 25Sample:  Standard solution
mL of this solution to a 100-mL volumetric flask and diluteSuitability requirements
with Medium to volume.Relative standard deviation:  NMT 2.0%

Standard solution:  Transfer about 12.5 mg of USP Hydrochlo-Analysis
rothiazide RS to a 200-mL volumetric flask. Add about 12.5JSamples:  Standard solution and Sample solution
mg of USP Valsartan RS, with J being the ratio of the labeledCalculate the percentage of the labeled amount of valsartan
amount (mg) of valsartan to the labeled amount (mg) of hy-(C24H29N5O3) and hydrochlorothiazide (C7H8ClN3O4S2) in the
drochlorothiazide per Tablet. Dilute with Diluent to volume.portion of Tablets taken:
Transfer 10 mL of this solution to a 50-mL volumetric flask
and dilute with Medium to volume.Result = (rU/rS) × (CS/CU) × 100

Sample solution:  For Tablets labeled to contain 12.5 mg of
hydrochlorothiazide, pass a portion of the solution under testrU = peak response from the Sample solution
through a suitable filter.rS = peak response from the Standard solution
 For Tablets labeled to contain 25 mg of hydrochlorothiazide,CS = concentration of the appropriate USP Reference
pass a portion of the solution under test through a suitableStandard in the Standard solution (mg/mL)
filter and dilute with Medium (1:1).CU = nominal concentration of the corresponding

Chromatographic systemanalyte in the Sample solution (mg/mL)
(See Chromatography 〈621〉, System Suitability.)Acceptance criteria:  90.0%–110.0%
Mode:  LC

PERFORMANCE TESTS Detector:  UV 265 nm
Column:  4.6-mm × 25-cm; 5-µm packing L11
Flow rate:  1.5 mL/minChange to read: Injection size:  20 µL

System suitability
Samples:  System suitability solution and Standard solution• DISSOLUTION 〈711〉
Suitability requirementsMedium:  pH 6.8 phosphate buffer; 1000 mL

Resolution:   NLT 2.0 between valsartan and valsartan re-Apparatus 2:  50 rpm
lated compound B; NLT 2.0 between hydrochlorothiazideTime:  30 min
and benzothiadiazine related compound A, System suitabil-Analytical wavelength:  250 nm for valsartan and 272 nm for
ity solutionhydrochlorothiazide

Relative standard deviation:  NMT 2.0% for both val-Cell path length:  0.2 cm quartz
sartan and hydrochorothiazide, Standard solutionStandard solution:  USP Hydrochlorothiazide RS and USP Val-

Calculate the percentage of the labeled amount of valsartansartan RS in Medium
(C24H29N5O3) and hydrochlorothiazide (C7H8ClN3O4S2)Sample solutions:  Pass a portion of the solution under test
dissolved:through a suitable glass fiber filter of 1-µm pore size. Dilute

with Medium, if necessary, to a concentration similar to that of
Result = (rU/rS) × (CS/L) × D × V × 100the Standard solution.

Calculate the percentage of C24H29N5O3 dissolved: rU = peak response of valsartan or hydrochlorothiazide
from the Sample solutionResult = [(AT2 × D) − (AT1 × E)/(C × D) − (B × E)] × 12,500

rS = peak response of valsartan or hydrochlorothiazide
from the Standard solution
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CS = concentration of valsartan or hydrochlorothiazide related compound A and hydrochlorothiazide, System suit-
in the Standard solution (mg/mL) ability solution

L = label claim for valsartan or hydrochlorothiazide Relative standard deviation:  NMT 10.0% for the val-
(mg/Tablet) sartan and hydrochlorothiazide peaks, Standard solution

D = dilution factor of the Sample solution, if applica- Analysis
ble Samples:  Standard solution and Sample solution

V = volume of Medium, 1000 mL▲USP35 Disregard the peak, if any, with a retention time of 22 min.
Tolerances:  NLT 80% (Q) of the labeled amount of valsartan ■Calculate the percentage of benzothiadiazine related com-
(C24H29N5O3) and hydrochlorothiazide (C7H8ClN3O4S2) is pound A in the portion of Tablets taken:
dissolved.

Result = (rU/rS) × (CS/CU) × 100• UNIFORMITY OF DOSAGE UNITS 〈905〉
Procedure for content uniformity

rU = peak response of benzothiadiazine related com-Diluent, Solution A, Solution B, Mobile phase, Standard so-
pound A from the Sample solutionlution, and Chromatographic system:  Proceed as directed

rS = peak response of benzothiadiazine related com-in the Assay.
pound A from the Standard solutionSample solution:  Transfer 1 Tablet to a 200-mL volumetric

CS = concentration of benzothiadiazine related com-flask, add 5 mL of water, and allow to stand for 5 min. Add
pound A in the Standard solution (mg/mL)100 mL of Diluent, and sonicate for 15 min. Dilute with Dilu-

CU = nominal concentration of hydrochlorothiazide inent to 250 mL, mix, and centrifuge a portion of this solution
the Sample solution (mg/mL)at 3000 rpm. Dilute a volume of the clear supernatant with

 Calculate the percentage of each other impurity in the por-Diluent to obtain a solution having a concentration of 0.2 mg
tion of Tablets taken:/mL of valsartan.

Analysis
Result = (rU/rS) × (CS/CU) × 100Samples:  Standard solution and Sample solution

Calculate the percentage of valsartan (C24H29N5O3) and hy- rU = peak response of each other impurity from thedrochlorothiazide (C7H8ClN3O4S2) in the portion of Tablets Sample solutiontaken: rS = peak response of valsartan from the Standard
solutionResult = (rU/rS) × (CS/CU) × L

CS = concentration of valsartan in the Standard solu-
tion (mg/mL)rU = peak response from the Sample solution

CU = nominal concentration of valsartan (for calculat-rS = peak response from the Standard solution
ing other impurities) in the Sample solutionCS = concentration of the appropriate USP Reference
(mg/mL)■2S (USP33)Standard in the Standard solution (mg/mL)

Acceptance criteria:  NMT 1.0% of benzothiadiazine relatedCU = nominal concentration of the corresponding
compound A; NMT 0.2% of any other impurity, excludinganalyte in the Sample solution (mg/mL)
valsartan related compound A; NMT 1.3% of total impurities,L = labeled quantity of the relevant analyte
excluding valsartan related compound A. [NOTE—Valsartan(mg/Tablet)
related compound A is the enantiomer of valsartan andAcceptance criteria:  Meet the requirements
coelutes with valsartan in this test.]

IMPURITIES
ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in tight containers, and pro-

Change to read: tect from moisture and heat. Store at controlled room
temperature.

• USP REFERENCE STANDARDS 〈11〉Organic Impurities USP Benzothiadiazine Related Compound A RS• PROCEDURE 4-Amino-6-chloro-1,3-benzenedisulfonamide.Diluent, Solution A, Solution B, Mobile phase, Sample solu- C6H8ClN3O4S2 285.73tion, and Chromatographic system:  Proceed as directed in USP Hydrochlorothiazide RSthe Assay. 6-Chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulfonam-Standard stock solution:  0.03 mg/mL of USP ide 1,1-dioxide.Benzothiadiazine Related Compound A RS, 0.06 mg/mL of C7H8ClN3O4S2 297.74USP Hydrochlorothiazide RS, 0.08 mg/mL of USP Valsartan USP Valsartan RSRS, and 0.2 mg/mL of USP Valsartan Related Compound B RS N-[p-(o-1H-Tetrazol-5-ylphenyl)benzyl]-N-valeryl-L-valine.in Diluent C24H29N5O3 435.52System suitability solution:  Dilute 5.0 mL of the Standard USP Valsartan Related Compound B RSstock solution with Diluent to 100 mL. (S-N-Butyryl-N-([2′-(1H-tetrazole-5-yl)biphen-4-yl]methyl)-Standard solution:  Dilute 10.0 mL of the System suitability valine.solution in 100.0 mL of Diluent. C23H27N5O3 421.49System suitability
Samples:  System suitability solution and Standard solution
Suitability requirements
Resolution:  NLT 1.4 between valsartan related compound
B and valsartan and NLT 1.4 between benzothiadiazine
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Standard stock solution:  60 µg/mL of USP Beta Carotene RSDIETARY SUPPLEMENTS— in tetrahydrofuran
Standard solution A:  Transfer 5.0 mL of the Standard stockMONOGRAPHS solution into a 100-mL volumetric flask, add 5.0 mL of tetrahy-
drofuran, and dilute with Diluent to volume.
Determine the concentration of Standard solution A as follows.

Standard solution B:  Transfer 5.0 mL of the Standard stock
solution into a 100-mL volumetric flask, and dilute with cyclo-
hexane to volume. Prepare in triplicate.

BRIEFING Instrumental conditions
(See Spectrophotometry and Light-Scattering 〈851〉.)
Analytical wavelength:  457 nm
Cell path:  1 cmBeta Carotene Preparation.  Because there is no existing USP
Blank:  Cyclohexanemonograph for this dietary ingredient, a new monograph is

Analysisbeing proposed. The liquid chromatographic procedures in the
Sample:  Standard solution Btests for Content of Beta Carotene and Alpha Carotene and Other
Calculate the concentration of total beta carotene (mg/mL)Related Compounds are based on analyses performed with the
as all-trans-beta carotene (C40H56) in Standard solution B.Supelco Suplex pKb-100 brand of L68 column. The typical
[NOTE—The concentration of Standard solution B equals theretention times for alpha carotene, beta carotene, 9-cis-beta
concentration of Standard solution A.]carotene, and 13-cis-beta carotene are 24.4, 26.2, 28.1, and

30.4 min, respectively.
Result = A/F

A = average absorbance of the three preparations of
(DS:  H. Dinh.) RTS—C93590 Standard solution B

F = absorptivity of pure all-trans-beta carotene in cy-
clohexane, 250

Sample stock solution A (for solid Beta Carotene Prepara-
tions):  Transfer an amount of Beta Carotene Preparation
equivalent to 10 mg of beta carotene to a 250-mL volumetricAdd the following:
flask. Add 250 mg of butylated hydroxytoluene, 0.5 mL of
alkaline Protease R, and 15 mL of water. Tilt the flask gently to

. wet the entire contents. Sonicate the solution in an ultrasonic
bath at about 50° for 30 min, and swirl at 10 min intervals.▲Beta Carotene Preparation
Add 100 mL of alcohol to the warm suspension and shake
vigorously. Add 135 mL of methylene chloride and shakeDEFINITION
again. Let the mixture stand in the dark until it reaches roomBeta Carotene Preparation is a combination of beta carotene with
temperature (about 2 h). Dilute with methylene chloride toone or more inert substances. It may be in a solid or a liquid
volume, shake vigorously, and allow solids to settle in theform. It contains NLT 95.0% and NMT 130.0% of the labeled
dark.amount of total beta carotene (C40H56) on the anhydrous basis.

Sample stock solution B (for liquid Beta Carotene suspensionsIt contains NLT 95.0% of all-trans-beta carotene in the total
in oil Preparations):  Transfer an amount of Beta Carotenebeta carotene content.
Preparation equivalent to 20 mg of beta carotene to a 250-mL
volumetric flask. Add 250 mg of butylated hydroxytoluene,IDENTIFICATION
120 mL of methylene chloride, and 100 mL of alcohol. Shake• A.
the flask until the sample is completely dissolved or sus-Sample solution:   Transfer 5.0 mL of Sample stock solution A
pended. Let the mixture stand in the dark until it reachesor Sample stock solution B from the test for Content of Beta
room temperature (about 2 h). Add methylene chloride toCarotene into a 100-mL volumetric flask, and dilute with cyclo-
volume and shake again vigorously.hexane to volume. Pass the solution through a membrane fil-

Sample solution:   Transfer 5.0 mL of Sample stock solution Ater of 0.45-µm pore size.
or Sample stock solution B into a 50-mL volumetric flask, andAnalysis:  Record the UV-Vis spectrum from 300–600 nm.
dilute with a mixture of methylene chloride and Diluent (1:1)Acceptance criteria:   The Sample solution shows a shoulder at
to volume. Pass through a membrane filter of 0.45-µm poreabout 427 nm, an absorption maximum at about 455 nm,
size.and another maximum at about 483 nm. The absorbance ra-

Chromatographic systemtio A455/A483 is between 1.14 and 1.18.
(See Chromatography 〈621〉, System Suitability.)• B.  The retention time of the major peak of the Sample solution
Mode:  LCcorresponds to that of the Standard solution, as obtained in
Detector:  UV 448 nmthe test for Content of Beta Carotene.
Column:  4.6-mm × 25-cm; 5-µm packing L68

COMPOSITION Column temperature:  30°
• CONTENT OF BETA CAROTENE Flow rate:  0.6 mL/min

[NOTE—Use low-actinic glassware.] Injection size:  20 µL
Mobile phase:  Transfer 50 mg of butylated hydroxytoluene System suitability
into a 1-L volumetric flask, and dissolve with 20 mL of 2- Samples:  System suitability solution and Standard solution A
propanol. Add 0.2 mL of N-ethyldiisopropylamine, 25 mL of The approximate relative retention times of the components
0.2% ammonium acetate solution, 455 mL of acetonitrile, and in the System suitability solution are listed in Table 1.
about 450 mL of methanol. Allow the solution to reach to
room temperature, and dilute with methanol to volume. Table 1Diluent:  50 µg/mL of butylated hydroxytoluene in alcohol

System suitability solution:  Transfer 20 mg of USP Beta Caro- Relative Relative
tene System Suitability RS to a 50-mL volumetric flask. Add 1 Retention Response
mL of water, 4 mL of tetrahydrofuran, and sonicate for 5 min. Name Time Factor
Dilute with Diluent to volume and sonicate for 5 min. Cool to All-trans-alpha carotene 0.93 1.1
room temperature, pass the suspension through a membrane All-trans-beta carotene 1.00 1filter of 0.45-µm pore size, and use the clear filtrate.

9-cis-Beta carotene 1.07 1
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Table 1 (Continued) rU = peak area of alpha carotene or other individual
related compounds

Relative Relative rT = sum of the peak areas of all the peaks
Retention Response Acceptance criteria

Name Time Factor Alpha carotene:  NMT 1.0%
13-cis-Beta carotene 1.17 1.2 Any other individual related compound:  NMT 1.0%
15-cis-Beta carotene 1.21 1.4 Total related compounds (including alpha carotene):  NMT

5.0%
Suitability requirements

IMPURITIESChromatogram similarity:  The chromatogram from the
• RESIDUE ON IGNITION 〈281〉:  NMT 2.0%System suitability solution is similar to the Reference Chro-
• HEAVY METALS, Method II 〈231〉:  NMT 10 ppmmatogram provided with the USP Beta Carotene System

Suitability RS being used.
SPECIFIC TESTSResolution:  NLT 1.5 between beta carotene and alpha car-
• WATER DETERMINATION, Method I 〈921〉:  NMT 8.0% for solidotene and between beta carotene and 9-cis-beta carotene,

preparations. NMT 1.0% for liquid preparations.System suitability solution
Tailing factor:  NMT 2.0 for the beta carotene peak, Stan- ADDITIONAL REQUIREMENTSdard solution A • PACKAGING AND STORAGE:  Preserve in tightly sealed, light- andRelative standard deviation:  NMT 2.0% for the beta car- oxygen-resistant containers. Store in a cool place.otene peak from replicate injections, Standard solution A • LABELING:  The label states the name and content of any carri-Analysis ers and antioxidants added to the formulation, and the con-Samples:   Standard solution A and Sample solution tent of total carotenoids as beta carotene.[NOTE—The relative response factors for 13-cis-beta carotene • USP REFERENCE STANDARDS 〈11〉and 15-cis-beta carotene are 1.2 and 1.4, respectively.] USP Beta Carotene RSRecord the chromatograms, and identify the peaks of the (all-E)-1,1′-(3,7,12,16-Tetramethyl-1,3,5,7,9,11,13,15,17-relevant analytes of the Sample solution by comparing with octadecanonaene-1,18-diyl)bis[2,6,6-trimethylcyclohexene].those of the System suitability solution. Measure the peak- USP Beta Carotene System Suitability RS▲USP35area responses. Calculate the percentage total beta carotene
in the portion of Preparation taken:

Result = (rU/rS) × (CS/CU) × 100 BRIEFING

rU = [(peak area of all-trans-beta carotene) + (peak
area of 9-cis-beta carotene) + (peak area of 13-

Chamomile,  USP 32 page 974. It is proposed to revise thecis-beta carotene × 1.2) + (peak area of 15-cis-
Labeling section to provide an exemption from the requirementsbeta carotene × 1.4) + (sum of peak area of
of the USP General Notices, section 10.40.50, Labeling Botanical-other cis-isomers of beta carotene)] in the Sam-
Containing Products, pertaining to the pregnancy and lactationple solution
statement. Please see the Briefing under the revision of the Gen-rS = peak area of all-trans-beta carotene in Standard
eral Notices and Requirements elsewhere in this issue of PF.solution A

CS = concentration of all-trans-beta carotene in Stan-
dard solution A as determined by spectrometric
procedure (DS: N. Sarma.) RTS—C94784

CU = nominal concentration of Preparation in the
Sample solution

Calculate the percentage of all-trans-beta carotene in the
portion of Preparation taken:

.

ChamomileResult = (rU/rS) × (CS/CU) × 100

DEFINITIONrU = peak area of all-trans-beta carotene in the Sam-
Chamomile consists of the dried flower heads of Matricaria recu-ple solution

tita L. (Matricaria chamomilla L., Matricaria chamomilla L. var.rS = peak area of all-trans-beta carotene in Standard
courrantiana, Chamomilla recutita L.) Rauschert (Fam. Asteraceaesolution A
alt. Compositae). It contains NLT 0.4% of blue volatile oil, NLTCS = concentration of all-trans-beta carotene in Stan-
0.3% of apigenin-7-glucoside, and NLT 0.15% of bisabolol de-dard solution A as determined by spectrometric
rivatives, calculated as levomenol.procedure

CU = nominal concentration of Preparation in the IDENTIFICATIONSample solution • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉Acceptance criteria:  The Preparation contains 95.0%–130% Adsorbent:  0.25-mm layer of chromatographic silica gelof the labeled amount of beta carotene, calculated as (C40H56) Standard solution:  1.0 mg/mL of borneol, 2.0 mg/mL ofon the anhydrous basis, and NLT 95.0% of all-trans-beta caro- bornyl acetate, and 0.4 mg/mL of guaiazulene in toluenetene in the total beta carotene content. Sample solution:  Reduce 1.0 g of Chamomile to a coarse• ALPHA CAROTENE AND OTHER RELATED COMPOUNDS powder, using a porcelain pestle and mortar. Transfer to aMobile phase, System suitability solution, Sample solution 1.5-cm × 15-cm chromatographic column, and tamp lightlyand Chromatographic system:  Proceed as directed in the with a short length of rubber hose. Rinse the pestle and mor-test for Content of Beta Carotene. tar twice, each time with 10 mL of methylene chloride. PourAnalysis the rinsings into the column. Collect the percolate in a flaskSample:  Sample solution with a long, narrow neck, and remove the solvent by evapora-Injection size:  20 µL tion on a water bath. Dissolve the residue in 0.5 mL ofCalculate the percentage of alpha carotene and other individ- toluene.ual related compounds relative to total beta carotene in the Developing solvent:  Chloroformportion of Preparation taken: Spray reagent:  Mix anisaldehyde, glacial acetic acid, and
methanol (0.5:10:85). Then carefully add 5 mL of sulfuric acidResult = (rU/rT) × 100
to this solution.
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Application volume:  10 µL, as 3-mm × 20-mm bands mL of water; and heat and reflux the mixture for 25 min.
Analysis Cool the flask, and adjust the solution with hydrochloric acid
Samples:  Standard solution and Sample solution to a pH of 5.0–6.2. Quantitatively transfer the solution to a
Examine the plate under short-wavelength UV light: the Sam- 50-mL volumetric flask, dilute with methanol to volume, and
ple solution exhibits a number of quenching areas, the larg- filter, discarding the first 10 mL of the filtrate.
est of which is due to en-yne-dicycloether and has the same Chromatographic system
RF value as the band due to bornyl acetate in the Standard (See Chromatography 〈621〉, System Suitability.)
solution. There is also a band due to matricin near the line Mode:  LC
of application. Spray the plate evenly with the Spray rea- Detector:  UV 335 nm
gent. Examine the plate in daylight while heating at Column:  4-mm × 12.5-cm; packing L1
100°–105° for 5–10 min. The chromatogram obtained from Flow rate:  1 mL/min
the Standard solution shows in the lower third a brownish [NOTE—Make adjustments, if necessary, to obtain relative re-
yellow zone that becomes violet-gray after a few hours and tention times of 0.63 for apigenin-7-glucoside and 1.0 for
is due to borneol; in the middle a yellowish brown to gray 7-methoxycoumarin.]
zone due to bornyl acetate; and in the upper third a deep Injection size:  15 µL
red zone with a blue edge due to guaiazulene. System suitability

Acceptance criteria:  The Sample solution exhibits a blue zone Sample:  Standard solution
due to matricin near the starting point; several violet-red [NOTE—The relative retention times for apigenin-7-glucoside,
zones, one of which is due to bisabolol, at RF values between 7-methoxycoumarin, apigenin, trans-spiroether, and cis-
those of borneol and bornyl acetate; a brownish zone, due to spiroether are about 0.63, 1.0, 1.2, 1.6, and 1.8,
en-yne-dicycloether, at an RF value corresponding to that of respectively.]
bornyl acetate; red zones, due to terpenes, at RF values similar Suitability requirements
to those of guaiazulene; and other zones that appear in the Resolution:  NLT 3.5 between apigenin-7-glucoside and 7-
middle and lower parts of the chromatogram. methoxycoumarin

• B. Relative standard deviation:  NMT 2.0% for apigenin-7-
Analysis:  Dissolve 0.25 g of dimethylaminobenzaldehyde in a glucoside
mixture of 5 mL of phosphoric acid, 45 mL of acetic acid, and Analysis
45 mL of water. Transfer 2.5 mL of this solution and 0.1 mL of Samples:  Standard solution and Sample solution
the Sample solution, prepared as directed for Identification test [NOTE—Allow the Sample solution to elute for NLT 6 times the
A, to a test tube. Heat on a water bath for 2 min, and allow retention time of apigenin-7-glucoside.]
to cool. Add 5 mL of solvent hexane, and shake. Calculate the percentage of apigenin-7-glucoside in the por-

Acceptance criteria:  The aqueous layer has a distinct greenish tion of Chamomile taken:
blue or blue color.

Result = (rU/rS) × (CS/CU) × 100
COMPOSITION
• CONTENT OF APIGENIN-7-GLUCOSIDE rU = peak response of apigenin-7-glucoside from the

Dilute phosphoric acid:  5.0 mL of phosphoric acid in 50 mL Sample solution
of water. Dilute with water to 100 mL. rS = peak response of apigenin-7-glucoside from the

Solution A:  0.005 M solution of monobasic potassium phos- Standard solution
phate. Adjust with Dilute phosphoric acid to a pH of CS = concentration of USP Apigenin-7-glucoside RS in
2.55 ± 0.05. the Standard solution (mg/mL)

Solution B:  Acetonitrile and methanol (13:7) CU = concentration of Chamomile in the Sample solu-
Mobile phase:  See the gradient table below. tion (mg/mL)

Acceptance criteria:  NLT 0.3%
• CONTENT OF BISABOLOL DERIVATIVESTable 1

Standard solution:  1 mg/mL of USP Levomenol RS in
Time Solution A Solution B cyclohexane
(min) (%) (%) Sample solution:  Transfer the volatile oils obtained in the test

0 74 26 for Articles of Botanical Origin 〈561〉, Volatile Oil Determination
to a 25-mL volumetric flask, rinse the graduated tube of the3 74 26
apparatus with a small portion of cyclohexane, transfer the22 15 85
rinsing to the 25-mL volumetric flask, and add cyclohexane to27 74 26 volume.

30 74 26 Chromatographic system
(See Chromatography 〈621〉.)Standard solution:  25.0 µg/mL of USP Apigenin-7-glucoside Mode:  GCRS and 10.0 µg/mL of 7-methoxycoumarin in methanol and Detector:  Flame ionizationwater (1:1) Column:  0.32-mm × 30-m fused-silica capillary column;Sample solution:  Transfer 1.0 g of Chamomile to a suitable coated with a 0.25-µm film of phase G16flask fitted with a reflux condenser and a stirrer, add 80.0 mL Temperatureof methanol, and heat and reflux the mixture with stirring for Column:  See the temperature program table below.1 h. Cool the flask to room temperature, pass the methanolic

distillate through a folded filter paper, and collect the filtrate
Table 2in a 100-mL volumetric flask. Rinse the flask with 3 mL of

methanol, pour the methanolic rinsings through the filter pa- Hold Time
per, and add the filtrate to the volumetric flask. Dilute with Initial Temperature Final at Final
methanol to volume, and filter. Transfer 25.0 mL of the Temperature Ramp Temperature Temperature
filtered solution to a round-bottom flask fitted with a reflux (°) (°/min) (°) (min)
condenser and a stirrer; add 5.0 mL of sodium hydroxide solu-

70 4 230 10tion, prepared by dissolving 0.4 g of sodium hydroxide in 5.0
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Detector:  250° sinuous lateral walls, stomata, and secretory trichomes. The
Injection port:  220° vascular bundles are surrounded by numerous elongated, pit-

Carrier gas:  Helium ted sclereids with fairly large lumens. In surface view, ligulate
Flow rate:  1.0 mL/min and tubular corollas show isodiametric or elongated cells with
Injection size:  1 µL more or less wavy walls and a few glandular trichomes. The

System suitability outer part of the epidermis of the ligulate florets consists of
Sample:  Standard solution papillary cells with cuticular striations radiating from their tips.
Suitability requirements In the mesophyll, very small clusters of calcium oxalate are

Tailing factor:  NMT 1.8 for levomenol sometimes seen. Four main veins run lengthwise through the
Relative standard deviation:  NMT 2.0% entire mesophyll, sometimes accompanied by one or two

Analysis other veins, which are shorter and run parallel to the main
Samples:  Standard solution and Sample solution veins. Each of the two main median veins split into two near
Measure the peak areas. Identify levomenol, bisabolol oxide the tip and, with the lateral veins, anastomose two by two to
B, bisabolol oxide, and bisabolol oxide A in the Sample solu- form three arcs at the three terminal teeth of the ligule. The
tion, using the retention time of levomenol in the Standard ovaries, oval to spherical, of both kinds of florets have at their
solution and the chromatogram provided with USP Levome- base a sclerous ring consisting of a single row of cells. The
nol RS. epidermis of the ovary is made up of elongated cells with

Calculate the percentage of levomenol in the portion of sinuous walls between which secretory trichomes are situated.
Chamomile taken: The ovaries contain numerous very small clusters of calcium

oxalate. In the tubular florets, the low part of each stamen
Result = (rU/rS) × (CS/CU) × 100 filament is surrounded by thick-walled cells. The ends of the

two stigmata have papillose epidermal cells. The pollen grains
rU = sum of the peak areas for bisabolol oxide B, have a diameter of about 30 µm and are rounded and trian-

bisabolol oxide, levomenol, and bisabolol oxide gular, with three germinal pores and a spiny exine.
A from the Sample solution • BROKEN FLOWERS:  NMT 25% passes through a No. 25 stan-

rS = levomenol peak area from the Standard solution dard-mesh sieve (see Particle Size Distribution Estimation by An-
CS = concentration of USP Levomenol RS in the Stan- alytical Sieving 〈786〉).

dard solution (mg/mL) • ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 13.0%,
CU = concentration of Chamomile in the Sample solu- determined on 1.0 g of powdered Chamomile

tion (mg/mL)
Acceptance criteria:  NLT 0.15% ADDITIONAL REQUIREMENTS

• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination 〈561〉: • PACKAGING AND STORAGE:  Preserve in well-closed containers,
Proceed as directed, except to use 60 g of coarsely powdered protected from light.
Chamomile as the test specimen, a 2-L round-bottom flask,
300 mL of water as distillation liquid, and 0.5 mL of xylene in Change to read:the graduated tube. Distill for 4 h at a rate of 3–4 mL/min:
NLT 0.4% of blue volatile oil is found. [NOTE—Retain the vola-
tile oils for use in the test for Content of Bisabolol Derivatives.] • LABELING:  The label states the Latin binomial and, following

the official name, the part of the plant contained in the article.CONTAMINANTS
▲This article is exempted from the requirements of the General• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total bacterial Notices with respect to the pregnancy and lactation statementcount does not exceed 105 cfu/g; the total combined molds (section 10.40.50, Labeling Botanical-Containing Products).▲USP35and yeasts count does not exceed 1000 cfu/g, and the bile- • USP REFERENCE STANDARDS 〈11〉tolerant Gram-negative bacterial count does not exceed 1000 USP Apigenin-7-glucoside RScfu/g. USP Levomenol RS• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-

ORGANISMS 〈2022〉:   It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter 〈561〉: BRIEFINGNMT 2.0%
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues 〈561〉:  Meets

the requirements
Cranberry Liquid Preparation,  USP 32 page 990. It is pro-
posed to revise the Labeling section to provide an exemptionSPECIFIC TESTS
from the labeling requirements of the USP General Notices, sec-• BOTANIC CHARACTERISTICS
tion 10.40.50, Labeling Botanical-Containing Products, pertainingMacroscopic:  Flower head is hemispherical, about 6 mm in
to the pregnancy and lactation statement. Please see the brief-diameter, composed of a few ray florets and numerous disk
ing under the revision of the General Notices and Requirementsflorets (distinction from Matricaria discoidea, which has disk
elsewhere in this issue of PF.florets only), carried on a receptacle surrounded by an involu-

cre. Involucre is green, formed of two to three rows of lanceo-
late, glabrous, and imbricated bracts with blunt apices and
scarious whitish edges. Ray florets, which usually have fallen (DS: N. Sarma.) RTS—C94782
off, have 10–20 pistils; corolla is ligulate, white, but darkens at
a length of 6 mm and a width of about 2 mm, 3-toothed,
and traversed by four main veins. Disk florets are yellow, per-
fect, about 2 mm in length; corolla is tubular with five teeth;

.

five stamens are epipetalous and syngenesious. Receptacle is Cranberry Liquid Preparationhollow (distinction from Chrysanthemum and Anthemis spe-
cies), hemispherical in the young and conical in the old flower DEFINITIONhead, 3–10 mm in width, and lacking paleae. Achene is ovoid Cranberry Liquid Preparation is a bright red juice derived fromand has three to five longitudinal ribs. the fruits of Vaccinium macrocarpon Ait. or Vaccinium oxycoccosMicroscopic:  Separate the capitulum into its parts, and ex- L. (Fam. Ericaceae). It contains no added substances.amine under a microscope. The outer, abaxial epidermis of
the involucral bracts shows a scarious margin with a single IDENTIFICATION
layer of radially elongated cells and a central part made up of • A.  The retention times of the quinic acid, malic acid, and citric
chlorophyll tissue covered by elongated epidermal cells with acid peaks of the Sample solution correspond to those of the
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Standard solution, as obtained in the test for Content of Organic Mode:  LC
Acids. Detector:  UV 214 nm

• B. ABSENCE OF ADULTERANTS Column:  4.6-mm × 25-cm analytical column; packing L1
Standard solution:  1.0 mg/mL of tartaric acid and 0.1 mg/ Guard column:  5-µm packing L1
mL of fumaric acid [NOTE—Prior to use, condition the column with methanol,

Sample solution:  Use the Liquid Preparation. then with water, and finally with Mobile phase.]
Mobile phase and Chromatographic system:  Proceed as di- Flow rate:  0.6 mL/min
rected in the test for Content of Organic Acids. Injection size:  20 µL

Analysis System suitability
Samples:  Standard solution and Sample solution Sample:  Standard solution
Injection size:  20 µL [NOTE—The approximate relative retention times for quinic

Acceptance criteria:  The retention times of the tartaric acid acid, malic acid, and citric acid are 0.4, 0.5, and 1.0,
and fumaric acid peaks of the Standard solution do not corre- respectively.]
spond to any of the retention times for peaks observed from Suitability requirements
the Sample solution. Resolution:  NLT 2.5 between quinic acid and malic acid

Relative standard deviation:  NMT 2.0%
COMPOSITION Analysis
• CONTENT OF DEXTROSE AND FRUCTOSE Samples:  Standard solution and Sample solution

Mobile phase:  Water Measure the peak area responses. Calculate the percentages of
Standard solution:  6.0 mg/mL of USP Dextrose RS and 2.0 quinic acid, malic acid, and citric acid in the volume of Liq-
mg/mL of USP Fructose RS in water uid Preparation taken:

Sample solution:  Transfer 1.0 g of sodium carboxylate cation-
exchange resin to a 50-mL beaker, add 5 mL of water to Result = 0.1 × CS × (rU/rS)
make a slurry, and transfer the slurry to a polypropylene auto-
matic pipet fitted with a small plug of silanized glass wool. CS = concentration of appropriate USP Reference Stan-
Quantitatively transfer the slurry to a small chromatographic dard in the Standard solution (mg/mL)
tube, rinsing the beaker with water and packing the column rU = peak area response of each appropriate analyte
evenly. Keep the column wet until ready for use. Using a volu- from the Sample solution
metric pipet, transfer 1.0 mL of Liquid Preparation to the col- rS = peak area response of each appropriate analyte
umn, collect the eluate, and discard it. Pipet 4.0 mL of water from the Standard solution
onto the top of the column, collect the eluate in a clean vial, Acceptance criteria:  NLT 0.9% each of quinic acid and citric
and filter if necessary. acid; NLT 0.7% of malic acid; ratio of quinic acid to malic acid

Chromatographic system is NLT 1.0.
(See Chromatography 〈621〉, System Suitability.)

ADULTERANTSMode:  LC
• LIMIT OF SORBITOL AND SUCROSEDetector:  Refractive index

Mobile phase and Sample solution:  Prepare as directed forColumn:  7.8-mm × 30-cm analytical column; packing L19
Content of Dextrose and Fructose.Guard column:  Packing L19

Standard solution:  0.5 mg/mL each of USP Sorbitol RS andColumn temperature:  85°
USP Sucrose RSFlow rate:  0.6 mL/min

Chromatographic system:  Proceed as directed in the test forInjection size:  20 µL
Content of Dextrose and Fructose.System suitability

System suitabilitySample:  Standard solution
Sample:  Standard solution[NOTE—The approximate relative retention times for dextrose
[NOTE—The relative retention times for sucrose and sorbitoland fructose are about 0.8 and 1.0, respectively.]
are about 0.4 and 1.0, resepectively.]Suitability requirements

Suitability requirementsResolution:  NLT 1.8 between the dextrose and fructose
Resolution:  NLT 1.8 between the sucrose and sorbitolpeaks
peaksRelative standard deviation:  NMT 2.0%

Relative standard deviation:  NMT 2.0%Analysis
AnalysisSamples:  Standard solution and Sample solution
Samples:  Standard solution and Sample solutionCalculate the percentages of dextrose and fructose in the vol-
Injection size:  20 µLume of Liquid Preparation taken:
Calculate the percentages of sucrose and sorbitol in the vol-
ume of Liquid Preparation taken:Result = 0.5 × (CS/V) × (rU/rS)

Result = 0.5 × (CS/V) × (rU/rS)CS = concentration of the appropriate USP Reference
Standard in the Standard solution (mg/mL)

CS = concentration of the appropriate USP ReferenceV = volume of Liquid Preparation taken for the Sam-
Standard in the Standard solution (mg/mL)ple solution (mL)

V = volume of Liquid Preparation taken for the Sam-rU = peak response of each appropriate analyte from
ple solution (mL)the Sample solution

rU = peak response of each appropriate analyte fromrS = peak response of each appropriate analyte from
the Sample solutionthe Standard solution

rS = peak response of each appropriate analyte fromAcceptance criteria:  NLT 2.4% dextrose and NLT 0.7% of
the Standard solutionfructose

Acceptance criteria:  NMT 0.05% each of sorbitol and sucrose• CONTENT OF ORGANIC ACIDS
Mobile phase:  Transfer 27.2 g of monobasic potassium phos- SPECIFIC TESTSphate to a 1000-mL volumetric flask, and dissolve in 950 mL • REFRACTIVE INDEX 〈831〉:  1.3435–1.3445of water. Adjust with phosphoric acid to a pH of 2.4, and • PH 〈791〉:  2.5 ± 0.1dilute with water to volume.
Standard solution:  1.0 mg/mL each of USP Citric Acid RS, ADDITIONAL REQUIREMENTS
USP Malic Acid RS, and USP Quinic Acid RS • PACKAGING AND STORAGE:  Preserve in well-closed containers,

Sample solution:  Use the filtered Liquid Preparation. and store in a refrigerator.
Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Spray reagent:  200 mg/mL of antimony trichloride inChange to read:
chloroform

Analysis
• LABELING:  The label states the Latin binomial name and, fol- Samples:  Standard solution and Sample solution

lowing the official name, the parts of the plant source from Develop until the solvent front has moved to 15 cm, dry,
which the article was derived. The label also states that it is for and spray the plate with Spray reagent. Heat the plate at
manufacturing purposes only. ▲This article is exempt from the 120° for 10 min, and examine it under UV light at 365 nm
requirements of the General Notices with respect to the preg- and in daylight.
nancy and lactation statement (section 10.40.50, Labeling Bo- Acceptance criteria:  The Sample solution shows a brownish to
tanical-Containing Products).▲USP35 red zone due to eleutheroside B, corresponding in color and

• USP Reference Standards 〈11〉 RF value to the zone exhibited by the Standard solution. A blue
USP Citric Acid RS zone appears directly above, and a yellow zone appears di-
USP Dextrose RS rectly below the red zone. In daylight, a violet band is visible
USP Fructose RS in the lower half-sector. Some brownish to yellowish bands
USP Malic Acid RS occur in the upper sector.
USP Quinic Acid RS ▲Standard solution A:  1 mg/mL of USP Eleutheroside E RS in
USP Sorbitol RS methanol
USP Sucrose RS Standard solution B:  1 mg/mL of USP Eleutheroside B RS in

methanol
Standard solution C:  0.1 g of USP Powdered Eleuthero Ex-
tract RS in 5 mL of aqueous ethanol 50%. Sonicate for 10

BRIEFING min, centrifuge, and use the supernatant.
Sample solution:  Transfer about 1 g of finely powdered
Eleuthero to a centrifuge tube, add 5 mL of aqueous ethanol
50%, and mix well. Sonicate for 10 min. Centrifuge or filterEleuthero,  USP 32 page 1002; Powdered Eleuthero, USP 32
the solution and use the supernatant or the filtrate.page 1003; Powdered Eleuthero Extract, USP 32 page 1003.

Adsorbent:  Chromatographic silica gel with an average parti-On the basis of comments received, it is proposed to add the
cle size of 5 µm (HPTLC plates)use of USP Eleutheroside B RS and USP Eleutheroside E RS in the

Application volume:  10 µL, as bandsThin-Layer Chromtaographic Identification Test and the test for
Developing solvent system:  Chloroform, methanol, andContent of Eleutherosides B and E and to replace the current TLC
water (35:15:2)with a more specific HPTLC test. It is also proposed to revise the

Spray reagent:  Place 18 mL of methanol in a glass flask, coolmicrobial limits. Editorial changes are also made.
in a water-ice-salt bath or in a freezer. To the ice-cold metha-
nol, slowly and carefully add 2 mL of sulfuric acid, and mix
well. Allow the mixture to adjust to room temperature.(DS: M. Sharaf.) RTS—C94251 Analysis
Samples:  Standard solution A, Standard solution B, Standard
solution C, and Sample solution
Before the development of the chromatogram, saturate the

. chamber for 20 min with Developing solvent system. RecordEleuthero the temperature and humidity in the laboratory. If the rela-
tive humidity exceeds 50%, condition the plate to about

DEFINITION 30% relative humidity using a suitable device. Develop until
the solvent front has moved up about 90% of the plate,
dry, and spray the plate with Spray reagent. Heat the plateChange to read:
at 100° for 5 min, and examine under visible light and UV
light at 365 nm.

Acceptance criteria:  Under visible light, the Sample solutionEleuthero is the dried rhizome with roots of Eleutherococus sen-
exhibits two brown bands due to eleutheroside E andticosus (Rupr. et Maxim.) (Fam. Araliaceae) [Acanthopanax sen-
eleutheroside B at RF values of about 0.34 and 0.45, corre-ticosus Harms]. It contains NLT 0.08% of the sum of eleuthero-
sponding in color and RF to the bands exhibited by Standardside B and eleutheroside E, calculated on the dried basis.
solution A and Standard solution B, respectively. The Sample▲Eleuthero is the dried rhizome with roots of Eleutherococus
solution also exhibits two additional brown bands near the ap-senticosus (Rupr. & Maxim.) Maxim. (Fam. Araliaceae)
plication zone, corresponding in color and RF values to the[Acanthopanax senticosus (Rupr. & Maxim.) Harms]. It contains
bands exhibited by Standard solution C. Other bands may beNLT 0.08% of the sum of eleutheroside B and eleutheroside E,
observed in the Sample solution and Standard solution C chro-calculated on the dried basis.▲USP35
matograms. Under UV light, the Sample solution shows a

IDENTIFICATION brown band due to eleutheroside E corresponding in color
and RF to the band exhibited by Standard solution A.▲USP35

Change to read:
Add the following:

• ▲A.▲USP35 THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST
〈201〉 ▲• B.  The chromatogram of the Sample solution obtained in the

Standard solution:  1 mg/mL eleutheroside B in methanol test for Content of Eleutherosides B and E shows a peak at a
Sample solution:  Comminute 10 g of Eleuthero, add 50 mL retention time corresponding to that of eleutheroside B in the
of alcohol 30%, and heat under reflux in a water bath for 30 chromatogram of Standard solution B and a peak at a retention
min. Cool to room temperature, filter, gently evaporate the time corresponding to that of eleutheroside E in the chromato-
solvent, and suspend the residue in 5 mL of methanol. gram of Standard solution A.▲USP35

Developing solvent system:  Chloroform, methanol, and
water (35:15:2)
[NOTE—Saturate the chamber with Developing solvent system
before the development of the chromatogram.]
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COMPOSITION Analysis
Samples:  Standard solution and Sample solution
Identify the eleutheroside B and eleutheroside E peaks for theChange to read: Sample solution by comparison with the Reference Chromato-
gram, and measure the peak responses.

Separately calculate the percentages of eleutheroside B and• CONTENT OF ELEUTHEROSIDES B AND E
eleutheroside E in the portion of Eleuthero taken:Solvent:  Methanol and water (1:1)

Solution A:  Acetonitrile and water (5:95) Result = (rU/rS) × (CS/CU) × P × 100Solution B:  Acetonitrile and water (60:40)
Mobile phase:  See Table 1. rU = peak response of the relevant analyte obtained

from the Sample solution
Table 1 rS = eleutheroside B or eleutheroside E peak response

obtained from the Standard solutionTime Solution A Solution B
CS = concentration of USP Powdered Eleuthero Extract (min)  (%)  (%) 

RS in the Standard solution (mg/mL)
0 97 3 CU = concentration of the Sample solution (mg/mL)
5 97 3 P = percentage of eleutheroside B or eleutheroside E
30 60 40 in USP Powdered Eleuthero Extract RS
31 5 95 Calculate the percentages of eleutheroside B and eleutheroside

E in the portion of Eleuthero taken by adding the individual45 5 95
percentages.45.1 97 3

▲Samples:  Standard solution A, Standard solution B, Standard
60 97 3 solution C, and Sample solution

Identify the eleutheroside B and eleutheroside E peaks in theStandard solution:  5.0 mg/mL of powdered extract from USP
Sample solution by comparison with the chromatograms ofPowdered Eleuthero Extract RS in Solvent. Sonicate for 30 min,
Standard solution B and Standard solution A, resepectively,cool to room temperature, decant, and pass through a nylon
and measure the peak responses.filter having a 0.45-µm or finer porosity.

Separately calculate the percentages of eleutheroside B and▲Standard solution A:  0.1 mg/mL of USP Eleutheroside E RS
eleutheroside E in the portion of Eleuthero taken:in methanol. Transfer 2.0 mL to a 5-mL volumetric flask and

complete with Solvent to volume. Result = (rU/rS) × (CS/CU) × 100Standard solution B:  0.1 mg/mL of USP Eleutheroside B RS in
methanol. Transfer 2.0 mL to a 5-mL volumetric flask and rU = peak response of the relevant analyte from thecomplete with Solvent to volume. Sample solutionStandard solution C:  5.0 mg/mL of USP Powdered Eleuthero rS = peak response of eleutheroside E or eleutherosideExtract RS in Solvent. Sonicate for 30 min, cool to room tem- B from Standard solution A or Standard solutionperature, decant, and pass through a nylon filter having a B, respectively0.45-µm or finer pore size.▲USP35 CS = concentration of eleutheroside E or eleutherosideSample solution:  Transfer about 5.0 g of finely ground B in Standard solution A or Standard solution B,Eleuthero, accurately weighed, to a round-bottom flask respectively (mg/mL)equipped with a condenser. Add 50 mL of Solvent, and heat CU = concentration of Eleuthero in the Sample solutionunder reflux for 30 min. Filter the supernatant through cotton (mg/mL)▲USP35wool into a 100-mL volumetric flask. Transfer the cotton wool Acceptance criteria:  Add the percentages of eleutheroside Bto the round-bottom flask, and repeat the extraction twice, and eleutheroside E: NLT 0.08%, on the dried basis.using 22 mL of Solvent for each extraction. Filter through cot-
ton wool into the volumetric flask, wash the residue and the CONTAMINANTS
cotton wool with Solvent, cool to room temperature, dilute • HEAVY METALS, Method III 〈231〉:  NMT 20 ppm
with Solvent to volume, and mix. ▲Before injection, pass • ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues 〈561〉:  Meets
through a nylon filter having a 0.45-µm or finer pore size, the requirements
discarding the first few mL of the filtrate.▲USP35

Chromatographic system
Change to read:(See Chromatography 〈621〉, System Suitability.)

Mode:  LC
Detector:  UV 220 nm • MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic micro-Column:  4.0-mm × 25-cm; 5-µm packing L1 bial count does not exceed 107 cfu/g, the total combinedFlow rate:  1 mL/min molds and yeasts count does not exceed 105 cfu/g, theInjection size:  10 µL coliform count does not exceed 104 cfu/g, and the count forSystem suitability enterobacteria does not exceed 104 cfu/g. It meets the re-Sample:  Standard solution quirements of the tests for absence of Salmonella species andSuitability requirements Escherichia coli.▲The total aerobic bacterial count does not ex-Chromatographic profile:  The chromatogram obtained is ceed 105 cfu/g, the total combined molds and yeasts countsimilar to the Reference Chromatogram provided with USP does not exceed 103 cfu/g, and the bile-tolerant Gram-nega-Powdered Eleuthero Extract RS. tive bacteria does not exceed 103 cfu/g.▲USP35Relative standard deviation:  NMT 2.0%, determined from
the eleutheroside B peak

▲Samples:  Standard solution B and Standard solution C Add the following:
Suitability requirements
Chromatogram similarity:  The chromatogram from Stan-

▲• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-dard solution C is similar to the Reference Chromatogram
ORGANISMS 〈2022〉:  Meets the requirements of the tests forprovided with USP Powdered Eleuthero Extract RS being
absence of Salmonella species and Escherichia coli▲USP35used.

Relative standard deviation:  NMT 2.0%, determined from
the eleutheroside B peak in repeated injections, Standard so-
lution B▲USP35
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SPECIFIC TESTS .

• BOTANIC CHARACTERISTICS Powdered Eleuthero
Macroscopic:  The rhizome is knotty and of irregular cylindri-
cal form with a diameter of 15–40 mm. The heartwood area is DEFINITION
light brown, and the connecting splint wood is pale yellow. Powdered Eleuthero is Eleuthero reduced to a powder or very fine
The bark is approximately 2 mm thick and is firmly affixed to powder. It contains NLT 0.08% of the sum of eleutheroside B
the xylem. The surface is gray-brown or black-brown, coarse, and eleutheroside E, calculated on the dried basis.
and longitudinally valleculate and plicate. A broken rhizome is
coarse and fibrous, particularly inside of the xylem. The frac- IDENTIFICATION
tured surface of the bark shows short thin fibers. Numerous
roots spring from the underside of the rhizome. These roots

Delete the following:are 35–150 mm long, cylindrical, and knotty, with a diameter
of 3–15 mm. The surface of the roots is gray-brown to black-
brown, is smoother than the rhizome, and has longitudinal ▲• THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉stripes. A 0.5-mm thin bark is tightly affixed to the pale yellow Standard solution:  1 mg/mL eleutheroside B in methanolxylem. A broken root is sparsely fibrous and appears yellowish- Sample solution:  Comminute 10 g of Eleuthero, add 50 mLgray where the thin epidermis is flaked off. of alcohol 30%, and heat under reflux in a water bath for 30Histology:  The roots have five to seven rows of brown cork min. Cool to room temperature, filter, gently evaporate thecells. Secretory canals with brown contents appear in groups solvent, and suspend the residue in 5 mL of methanol.of four or five and are not greater than 20 µm in diameter. Developing solvent system:  Chloroform, methanol, andPhloem fibers with thick lignified walls occur singly or in small water (35:15:2)groups; cluster crystals of calcium oxalate in the phloem pa- [NOTE—Saturate the chamber with Developing solvent systemrenchyma. Parenchymatous cells surround the secretory cells, before the development of the chromatogram.]and medullary ray cells contain small starch granules. The xy- Spray reagent:  200 mg/mL of antimony trichloride inlem shows reticulately thickened and pitted vessels. The rhi- chloroformzome is similar to the roots except for its larger secretory Analysiscanals, up to 25 µm in diameter, and the presence of a pith Samples:  Standard solution and Sample solutionwith parenchymatous cells containing starch granules. Develop until the solvent front has moved to 15 cm, dry,• LOSS ON DRYING 〈731〉:  Dry a sample at 105° to constant and spray the plate with Spray reagent. Heat the plate atweight: it loses NMT 14.0% of its weight. 120° for 10 min, and examine it under UV light at 365 nm• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 8.0% and in daylight.• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives, Method Acceptance criteria:  The Sample solution shows a brownish to2 〈561〉:  NLT 4.0% red zone due to eleutheroside B, corresponding in color and• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter 〈561〉: RF value to the zone exhibited by the Standard solution. A blueNMT 3.0% zone appears directly above, and a yellow zone appears di-

rectly below the red zone. In daylight, a violet band is visibleADDITIONAL REQUIREMENTS
in the lower half-sector. Some brownish to yellowish bands• PACKAGING AND STORAGE:  Preserve in well-closed, light-resistant
occur in the upper sector.▲USP35containers.

• LABELING:  The label states the Latin binomial and, following
the official name, the parts of the plant contained in the Add the following:
article.

▲• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉Change to read: Standard solution A:  1 mg/mL of USP Eleutheroside E RS in
methanol

Standard solution B:  1 mg/mL of USP Eleutheroside B RS in• USP REFERENCE STANDARDS 〈11〉
methanol▲USP Eleutheroside B RS

Standard solution C:  0.1 g of USP Powdered Eleuthero Ex-β-D-Glucopyranoside, 4-(3-hydroxy-1-propenyl)-2,6-
tract RS in 5 mL of aqueous ethanol 50%. Sonicate for 10dimethoxyphenyl.
min, centrifuge, and use the supernatant.C17H24O9 372.37

Sample solution:  Transfer about 1 g of Powdered Eleuthero toUSP Eleutheroside E RS
a centrifuge tube, add 5 mL of aqueous ethanol 50%, andβ-D-Glucopyranoside, (tetrahydro-1H,3H-furo(3,4-c)furan-1,4-
mix well. Sonicate for 10 min. Centrifuge or filter the solutiondiyl)bis(2,6-dimethoxy-4,1-phenylene)bis-.
and use the supernatant or the filtrate.C34H46O18 742.70▲USP35

Adsorbent:  Chromatographic silica gel with an average parti-USP Powdered Eleuthero Extract RS
cle size of 5 µm (HPTLC plates)

Application volume:  10 µL, as bands
Developing solvent system:  Chloroform, methanol, and
water (35:15:2)BRIEFING

Spray reagent:  Place 18 mL of methanol in a glass flask, cool
in a water-ice-salt bath or in a freezer. To the ice-cold metha-
nol, slowly and carefully add 2 mL of sulfuric acid, and mixPowdered Eleuthero,  USP 32 page 1003. See the briefing well. Allow the mixture to adjust to room temperature.under Eleuthero. Analysis
Samples:  Standard solution A, Standard solution B, Standard
solution C, and Sample solution

(DS: M. Sharaf.) RTS—C94299 Before the development of the chromatogram, saturate the
chamber for 20 min with Developing solvent system. Record
the temperature and humidity in the laboratory. If the rela-
tive humidity exceeds 50%, condition the plate to about
30% relative humidity using a suitable device. Develop until
the solvent front has moved up about 90% of the plate,
dry, and spray the plate with Spray reagent. Heat the plate
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at 100° for 5 min, and examine under visible light and UV Chromatographic system
light at 365 nm. (See Chromatography 〈621〉, System Suitability.)

Acceptance criteria:  Under visible light, the Sample solution Mode:  LC
exhibits two brown bands due to eleutheroside E and Detector:  UV 220 nm
eleutheroside B at RF values of about 0.34 and 0.45, corre- Column:  4.0-mm × 25-cm; 5-µm packing L1
sponding in color and RF to the bands exhibited by Standard Flow rate:  1 mL/min
solution A and Standard solution B, respectively. The Sample Injection size:  10 µL
solution also exhibits two additional brown bands near the ap- System suitability
plication zone, corresponding in color and RF values to the Sample:  Standard solution
bands exhibited by Standard solution C. Other bands may be Suitability requirements
observed in the Sample solution and Standard solution C chro- Chromatographic profile:  The chromatogram obtained is
matograms. Under UV light, the Sample solution shows a similar to the Reference Chromatogram provided with USP
brown band due to eleutheroside E corresponding in color Powdered Eleuthero Extract RS.
and RF to the band exhibited by Standard solution A.▲USP35 Relative standard deviation:  NMT 2.0%, determined from

the eleutheroside B peak
▲System suitabilityAdd the following: Samples:  Standard solution B and Standard solution C
Suitability requirements

Chromatogram similarity:  The chromatogram from Stan-▲B.  The chromatogram of the Sample solution obtained in the
dard solution C is similar to the Reference Chromatogramtest for Content of Eleutherosides B and E shows a peak at reten-
provided with USP Powdered Eleuthero Extract RS beingtion time corresponding to that of eleutheroside B in the chro-
used.matogram of Standard solution B and a peak at retention time

Relative standard deviation:  NMT 2.0%, determined fromcorresponding to that of eleutheroside E in the chromatogram
the eleutheroside B peak in repeated injections, Standardof Standard solution A.▲USP35
solution B▲USP35

AnalysisCOMPOSITION
Samples:  Standard solution and Sample solution
Identify the eleutheroside B and eleutheroside E peaks for the

Change to read: Sample solution by comparison with the Reference Chromat-
ogram, and measure the peak responses.

Separately calculate the percentages of eleutheroside B and• CONTENT OF ELEUTHEROSIDES B AND E eleutheroside E in the portion of Eleuthero taken:Solvent:  Methanol and water (1:1)
Solution A:  Acetonitrile and water (5:95) Result = (rU/rS) × (CS/CU) × P × 100Solution B:  Acetonitrile and water (60:40)
Mobile phase:  See Table 1. rU = peak response of the relevant analyte obtained

from the Sample solution
Table 1 rS = eleutheroside B or eleutheroside E peak response

obtained from the Standard solutionTime Solution A Solution B CS = concentration of USP Powdered Eleuthero Ex-(min) (%) (%) tract RS in the Standard solution (mg/mL)
0 97 3 CU = concentration of the Sample solution (mg/mL)
5 97 3 P = percentage of eleutheroside B or eleutheroside E

30 60 40 in USP Powdered Eleuthero Extract RS
Calculate the percentages of eleutheroside B and eleuthero-31 5 95
side E in the portion of Eleuthero taken by adding the indi-45 5 95
vidual percentages.45.1 97 3

▲Samples:  Standard solution A, Standard solution B, Standard
60 97 3 solution C, and Sample solution

Identify the eleutheroside B and eleutheroside E peaks in theStandard solution:  5.0 mg/mL of powdered extract from USP Sample solution by comparison with the chromatograms ofPowdered Eleuthero Extract RS in Solvent. Sonicate for 30 min, Standard solution B and Standard solution A, resepectively,cool to room temperature, decant, and pass through a nylon and measure the peak responses.filter having a 0.45-µm or finer porosity. Separately calculate the percentages of eleutheroside B and▲Standard solution A:  0.1 mg/mL of USP Eleutheroside E RS eleutheroside E in the portion of Powdered Eleuthero taken:in methanol. Transfer 2.0 mL to a 5-mL volumetric flask and
complete with Solvent to volume. Result = (rU/rS) × (CS/CU) × 100Standard solution B:  0.1 mg/mL of USP Eleutheroside B RS in
methanol. Transfer 2.0 mL to a 5-mL volumetric flask and rU = peak response of the relevant analyte from the
complete with Solvent to volume. Sample solution

Standard solution C:  5.0 mg/mL of USP Powdered Eleuthero rS = peak response of eleutheroside E or eleuthero-
Extract RS in Solvent. Sonicate for 30 min, cool to room tem- side B from Standard solution A or Standard so-
perature, decant, and pass through a nylon filter having a lution B, respectively
0.45-µm or finer pore size.▲USP35 CS = concentration of eleutheroside E or eleutheroside

Sample solution:  Transfer 5.0 g of Powdered Eleuthero, accu- B in Standard solution A or Standard solution B,
rately weighed, to a round-bottom flask equipped with a con- respectively (mg/mL)
denser. Add 50 mL of Solvent, and heat under reflux for 30 CU = concentration of Powdered Eleuthero in the
min. Filter the supernatant through cotton wool into a 100- Sample solution (mg/mL)▲USP35
mL volumetric flask. Transfer the cotton wool to the round- Acceptance criteria:  Add the percentages of eleutheroside B
bottom flask, and repeat the extraction twice, using 22 mL of and eleutheroside E: NLT 0.08%, on the dried basis.
Solvent for each extraction. Filter through cotton wool into the
volumetric flask, wash the residue and the cotton wool with CONTAMINANTS
Solvent, cool to room temperature, dilute with Solvent to vol- • HEAVY METALS, Method III 〈231〉:  NMT 20 ppm
ume, and mix. ▲Before injection, pass through a nylon filter • ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues 〈561〉:  Meets
having a 0.45-µm or finer pore size, discarding the first few the requirements
mL of the filtrate.▲USP35
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.Delete the following:
Powdered Eleuthero Extract

▲• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP- DEFINITION
PLEMENTS 〈2021〉:  The total aerobic microbial count does not
exceed 107 cfu/g, the total combined molds and yeasts count

Change to read:does not exceed 105 cfu/g, the coliform count does not ex-
ceed 104 cfu/g, and the count for enterobacteria does not
exceed 104 cfu/g. It meets the requirements of the tests for

Powdered Eleuthero Extract is prepared from whole or commi-absence of Salmonella species and Escherichia coli.▲USP35
nuted dried underground parts of Eleutherococcus senticosus
(Rupr. et Maxim.) (Fam. Araliaceae) [Syn: Acanthopanax sen-

Add the following: ticosus Harms] extracted with hydroalcoholic mixtures. The ra-
tio of the starting crude plant material to Powdered Extract is
between 13:1 and 25:1. It contains NLT 0.8% of eleutherosides

▲• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic bac- B and E, calculated on the anhydrous basis. It may contain
terial count does not exceed 105 cfu/g, the total combined added substances.
molds and yeasts count does not exceed 103 cfu/g, and the ▲Powdered Eleuthero Extract is prepared from Eleuthero using
bile-tolerant Gram-negative bacteria does not exceed hydroalcoholic mixtures. The ratio of the starting crude plant
103 cfu/g.▲USP35 material to Powdered Extract is between 13:1 and 25:1. It con-

tains NLT 0.8% of eleutherosides B and E, calculated on the
anhydrous basis. It may contain added substances.▲USP35Add the following:

IDENTIFICATION
▲• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-

ORGANISMS 〈2022〉:  Meets the requirements of the tests for Delete the following:
absence of Salmonella species and Escherichia coli▲USP35

SPECIFIC TESTS ▲• THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
• BOTANIC CHARACTERISTICS:  The powder is brown with a faint Standard solution:  1 mg/mL eleutheroside B in methanol

aromatic odor and a slightly acrid, persistent taste. Groups of Sample solution:  Transfer 500 mg of Powdered Extract to a
secretory canals with brown contents are surrounded by par- round-bottom flask, add 50 mL of alcohol 30%, and heat
enchymatous cells containing cluster crystals of calcium oxa- under reflux for 10 min. Cool at room temperature, filter,
late. The parenchymatous cells show small starch granules, gently evaporate the solution to dryness, and suspend the res-
thick-walled lignified fibers, and fragments of reticulate and idue in 5 mL of methanol.
pitted vessels. It turns bright yellow when mounted in sodium Developing solvent system:  Chloroform, methanol, and
hydroxide solution. water (35:15:2)

• LOSS ON DRYING 〈731〉:  Dry a sample at 105° to constant [NOTE—Saturate the chamber with Developing solvent system
weight: it loses NMT 14.0% of its weight. before the development of the chromatogram.]

• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 8.0% Spray reagent:  200 mg/mL of antimony trichloride in
chloroformADDITIONAL REQUIREMENTS Analysis• PACKAGING AND STORAGE:  Preserve in well-closed, light-resistant Samples:  Standard solution and Sample solutioncontainers. Develop the chromatogram until the solvent front has moved• LABELING:  The label states the Latin binomial and, following to 15 cm, dry, and spray the plate with Spray reagent. Heatthe official name, the part of the plant from which the article the plate at 120° for 10 min, and examine it under UV lightwas derived. at 365 nm and in daylight.

Acceptance criteria:  The Sample solution shows a brownish to
Change to read: red zone due to eleutheroside B, corresponding in color and

RF value to the zone exhibited by the Standard solution. A blue
zone appears directly above, and a yellow zone appears di-

• USP REFERENCE STANDARDS 〈11〉 rectly below the red zone. In daylight, a violet band is visible
▲USP Eleutheroside B RS in the lower half-sector. Some brownish to yellowish bands

β-D-Glucopyranoside, 4-(3-hydroxy-1-propenyl)-2,6- occur in the upper sector.▲USP35
dimethoxyphenyl.

C17H24O9 372.37
Add the following:USP Eleutheroside E RS

β-D-Glucopyranoside, (tetrahydro-1H,3H-furo(3,4-c)furan-1,4-
diyl)bis(2,6-dimethoxy-4,1-phenylene)bis-.

▲• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉C34H46O18 742.70▲USP35 Standard solution A:  1 mg/mL of USP Eleutheroside E RS inUSP Powdered Eleuthero Extract RS methanol
Standard solution B:  1 mg/mL of USP Eleutheroside B RS in
methanol

Standard solution C:  0.1 g of USP Powdered Eleuthero Ex-BRIEFING
tract RS in 5 mL of aqueous ethanol 50%. Sonicate for 10
min, centrifuge, and use the supernatant.

Sample solution:  0.1g of Powdered Extract in 5 mL of aque-Powdered Eleuthero Extract,  USP 32 page 1003. See the ous ethanol 50%. Sonicate for 10 min, centrifuge, and use thebriefing under Eleuthero. supernatant.
Adsorbent:  Chromatographic silica gel with an average parti-
cle size of 5 µm (HPTLC plates)

(DS: M. Sharaf.) RTS—C94336 Application volume:  10 µL, as bands
Developing solvent system:  Chloroform, methanol, and
water (35:15:2)
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Spray reagent:  Place 18 mL of methanol in a glass flask, cool ature, and decant. Before injection, pass through a nylon filter
in a water-ice-salt bath or in a freezer. To the ice-cold metha- having a 0.45-µm or finer pore size, discarding the first few
nol, slowly and carefully add 2 mL of sulfuric acid, and mix mL of the filtrate.▲USP35

well. Allow the mixture to adjust to room temperature. Sample solution:  Transfer 500 mg of Powdered Extract to a
Analysis 100-mL volumetric flask, add 80 mL of Solvent, and sonicate
Samples:  Standard solution A, Standard solution B, Standard for 30 min. Cool to room temperature, dilute to volume with
solution C, and Sample solution Solvent, and mix. Before injection, pass through a nylon filter
Before the development of the chromatogram, saturate the having a 0.45-µm or finer pore size, discarding the first few
chamber for 20 min with Developing solvent system. Record mL of the filtrate.
the temperature and humidity in the laboratory. If the rela- Chromatographic system
tive humidity exceeds 50%, condition the plate to about (See Chromatography 〈621〉, System Suitability.)
30% relative humidity using a suitable device. Develop until Mode:  LC
the solvent front has moved up about 90% of the plate, Detector:  UV 220 nm
dry, and spray the plate with Spray reagent. Heat the plate Column:  4.0-mm × 25-cm; 5-µm packing L1
at 100° for 5 min, and examine under visible light and UV Flow rate:  1 mL/min
light at 365 nm. Injection size:  10 µL

Acceptance criteria:  Under visible light, the Sample solution System suitability
exhibits two brown bands due to eleutheroside E and Sample:  Standard solution
eleutheroside B at RF values of about 0.34 and 0.45, corre- Suitability requirements
sponding in color and RF to the bands exhibited by Standard Chromatographic profile:  The chromatogram obtained is
solution A and Standard solution B, respectively. The Sample similar to the Reference Chromatogram provided with USP
solution also exhibits two additional brown bands near the ap- Powdered Eleuthero Extract RS.
plication zone, corresponding in color and RF values to the Relative standard deviation:  NMT 2.0%, determined from
bands exhibited by Standard solution C. Other bands may be the eleutheroside B peak
observed in the Sample solution and Standard solution C chro- ▲System suitability
matograms. Under UV light, the Sample solution shows a Samples:  Standard solution B and Standard solution C
brown band due to eleutheroside E corresponding in color Suitability requirements
and RF to the band exhibited by Standard solution A.▲USP35 Chromatogram similarity:  The chromatogram from Stan-

dard solution C is similar to the Reference Chromatogram
provided with USP Powdered Eleuthero Extract RS beingAdd the following: used.

Relative standard deviation:  NMT 2.0%, determined from
the eleutheroside B peak in repeated injections, Standard▲B.  The chromatogram of the Sample solution obtained in the
solution B▲USP35test for Content of Eleutherosides B and E shows a peak at reten-

Analysistion time corresponding to that of eleutheroside B in the chro-
Samples:  Standard solution and Sample solutionmatogram of Standard solution B and a peak at retention time
Identify the eleutheroside B and eleutheroside E peaks for thecorresponding to that of eleutheroside E in the chromatogram
Sample solution by comparison with the Reference Chromat-of Standard solution A.▲USP35
ogram, and measure the peak responses.

Separately calculate the percentages of eleutheroside B andCOMPOSITION
eleutheroside E in the portion of Eleuthero taken:

Change to read: Result = (rU/rS) × (CS/CU) × P × 100

rU = peak response of the relevant analyte from the
• CONTENT OF ELEUTHEROSIDES B AND E Sample solution

Solvent:  Methanol and water (1:1) rS = eleutheroside B or eleutheroside E peak response
Solution A:  Acetonitrile and water (5:95) from the Standard solution
Solution B:  Acetonitrile and water (60:40) CS = concentration of USP Powdered Eleuthero Ex-
Mobile phase:  See Table 1. tract RS in the Standard solution (mg/mL)

CU = concentration of the Sample solution (mg/mL)
Table 1 P = percentage of eleutheroside B or eleutheroside E

in USP Powdered Eleuthero Extract RSTime Solution A Solution B Calculate the percentages of eleutheroside B and eleuthero- (min)  (%)  (%) side E in the portion of Powdered Extract taken by adding
0 97 3 the individual percentages.
5 97 3 ▲Analysis

30 60 40 Samples:  Standard solution A, Standard solution B, Standard
solution C, and Sample solution31 5 95
Identify the eleutheroside B and eleutheroside E peaks in the45 5 95
Sample solution by comparison with the chromatograms of45.1 97 3 Standard solution B and Standard solution A, respectively,

60 97 3 and measure the peak responses.
Separately calculate the percentages of eleutheroside B andStandard solution:  5.0 mg/mL of powdered extract from USP eleutheroside E in the portion of Powdered Eleuthero ExtractPowdered Eleuthero Extract RS in Solvent. Sonicate for 30 min, taken:cool to room temperature, decant, and pass through a nylon

filter having a 0.45-µm or finer porosity. Result = (rU/rS) × (CS/CU) × 100
▲Standard solution A:  0.1 mg/mL USP Eleutheroside E RS in
methanol. Transfer 2.0 mL to a 5-mL volumetric flask and rU = peak response of the relevant analyte from the
complete to volume with Solvent. Sample solution

Standard solution B:  0.1 mg/mL USP Eleutheroside B RS in rS = peak response of eleutheroside E or eleuthero-
methanol. Transfer 2.0 mL to a 5-mL volumetric flask and side B from the Standard solution A or Standard
complete to volume with Solvent. solution B, respectively

Standard solution C:  5.0 mg/mL USP Powdered Eleuthero Ex-
tract RS in Solvent. Sonicate for 30 min, cool to room temper-
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CS = concentration of eleutheroside E or eleutheroside Add the following:
B in Standard solution A or Standard solution B,
respectively (mg/mL)

CU = concentration of Powdered Eleuthero Extract in .

the Sample solution (mg/mL)▲USP35 ▲Fish Oil Containing Omega-3 Acids
Acceptance criteria:  NLT 0.8% on the dried basis Delayed-Release Capsules

CONTAMINANTS
DEFINITION• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
Fish Oil Containing Omega-3 Acids Delayed-Release Capsules are

enteric-coated Capsules that contain NLT 95.0% and NMT
Add the following: 105.0% of the labeled amount of Fish Oil Containing Omega-3

Acids where Fish Oil Containing Omega-3 Acids is the purified,
winterized, and deodorized fatty oil obtained from fish of the

▲• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic mi- families Engraulidae, Carangidae, Clupeidae, Osmeridae, Scom-crobial count does not exceed 104 cfu/g. The total combined broidae, and Ammodytidae. The omega-3 acids are defined asyeasts and molds count does not exceed 103 cfu/g.▲USP35 the following: alpha-linolenic acid (C18:3 n−3), moroctic acid
(C18:4 n−3), eicosatetraenoic acid (C20:4 n−3), eicosapentae-
noic acid (EPA) (C20:5 n−3), heneicosapentaenoic acid (C21:5Add the following:
n−3), docosapentaenoic acid (C22:5 n−3), and docosahexae-
noic acid (DHA) (C22:6 n−3). It contains NLT 28.0% (w/w) of

▲• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO- total omega-3 acids, expressed as free acids, consisting of NLT
ORGANISMS 〈2022〉:  Meets the requirements of the tests for 13.0% of EPA and NLT 9.0% of DHA. Suitable antioxidants in
absence of Salmonella species and Escherichia coli▲USP35 appropriate concentrations may be added.

SPECIFIC TESTS IDENTIFICATION
• WATER DETERMINATION, Method Ia 〈921〉:  NMT 5.0% • The oil contained in the Capsules meets the requirements for
• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 10.0% the following test: The retention times of the peaks for
• ALCOHOL DETERMINATION, Method II 〈611〉:  NMT 0.5% eicosapentaenoic acid methyl ester and docosahexaenoic acid
• OTHER REQUIREMENTS:  It meets the requirements for Residual methyl ester obtained in the chromatogram of Test Solution 2

Solvents and Pesticide Residues under Botanical Extracts 〈565〉. in the test for Content of EPA and DHA correspond to those for
the respective compounds in the chromatogram of Standard

ADDITIONAL REQUIREMENTS Solution 1. The sum of the area for EPA and DHA methyl esters
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant is NLT 22% of the total detected area for the methyl esters,

containers. and no other peak in the chromatogram has an area higher
• LABELING:  The label states the Latin binomial and, following than 20% of the total detected area for the methyl esters. The

the official name, the part of the plant from which the article chromatogram of Test Solution 2 exhibits at least 15 additional
was prepared. The label also indicates the content of eleuther- peaks at the retention times of the methyl esters of unsatu-
osides, the extracting solvent used for preparation, and the rated fatty acids exhibited in Standard Solution 2.
ratio of the starting crude plant material to Powdered Extract.
It meets the requirements for Labeling under Botanical Extracts STRENGTH
〈565〉. • CONTENT OF FISH OIL:  Weigh NLT 10 Capsules in a tared

weighing bottle, carefully open the Capsules, without loss of
shell material, and transfer the combined Capsule contents toChange to read: a 100-mL beaker. Remove any adhering substance from the
emptied Capsules by washing with several small portions of
2,2,4-trimethylpentane. Discard the washings, and allow the• USP REFERENCE STANDARDS 〈11〉
empty Capsules to dry in a current of dry air until the 2,2,4-▲USP Eleutheroside B RS
trimethylpentane is completely evaporated. Weigh the emptyβ-D-Glucopyranoside, 4-(3-hydroxy-1-propenyl)-2,6-
Capsules in the original tared weighing bottle, and calculatedimethoxyphenyl.
the average net weight per Capsule.C17H24O9 372.37

Acceptance criteria:  NLT 95.0% and NMT 105.0% of the la-USP Eleutheroside E RS
beled amountβ-D-Glucopyranoside, (tetrahydro-1H,3H-furo(3,4-c)furan-1,4-

• CONTENT OF EPA AND DHAdiyl)bis(2,6-dimethoxy-4,1-phenylene)bis-.
(See Fats and Fixed Oils 〈401〉, Omega-3 Fatty Acids Determina-C34H46O18 742.70▲USP35
tion and Profile.)USP Powdered Eleuthero Extract RS

Analysis
Samples:  Standard Solution 1, Standard Solution 2, Test Solu-
tion 1, and Test Solution 2
Identify the retention times of the relevant fatty acid methylBRIEFING
esters peaks by comparing the chromatogram of Standard
Solution 2 with the Reference Chromatogram supplied with
the USP Fish Oil RS. Identify the retention time for the inter-Fish Oil Containing Omega-3 Acids Delayed-Release Cap-
nal standard peak in the chromatogram of Test Solution 2 bysules.  Because there is no existing USP Dietary Supplement
comparing with that of Test Solution 1.monograph for this article, the following monograph is being

Calculate the percentage of EPA or DHA in the portion of fishproposed.
oil containing omega-3 acids taken from the Capsules:

Result = (RU/RS) × (WS/WU) × F × 100
(DS: N. Davydova.) RTS—C93557

RS = ratio of peak responses of either EPA or DHA
relative to the internal standard in the chro-
matogram of Standard Solution 2
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WS = weight of either USP Docosahexaenoic Acid Ethyl ortho IUPAC congeners PCB-77, PCB-81, PCB-126, and PCB-
Ester RS or USP Eicosapentaenoic Acid Ethyl Es- 169, and mono-ortho IUPAC congeners PCB-105, PCB-114,
ter RS used to prepare Standard Solution 1 PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, and PCB-
(mg) 189) is NMT 10.0 pg/g of WHO toxic equivalents.

WU = weight of the fish oil containing omega-3 acids
SPECIFIC TESTStaken to prepare Test Solution 2 (mg)
• FATS AND FIXED OILS, Acid Value 〈401〉:  NMT 3F = factor to express the content of DHA (0.921)
• FATS AND FIXED OILS, Anisidine Value 〈401〉:  NMT 20.0and EPA (0.915) as free fatty acids
• FATS AND FIXED OILS, Peroxide Value 〈401〉:  NMT 5.0RU = ratio of peak response of either EPA or DHA to
• FATS AND FIXED OILS, Total Oxidation Value (TOTOX) 〈401〉:the corrected peak response of the internal

NMT 26, calculated:standard in the chromatogram of Test Solution
2 calculated as follows:

(2 × PV) + AV
RU = 1/[(rU2/rT2) − (rU1/rT1)]

PV = peroxide value
AV = anisidine valuerU2 = response of the peak at the locus of the internal
• FATS AND FIXED OILS, Unsaponifiable Matter 〈401〉:  NMT 1.5%standard in the chromatogram of Test Solution
• STEARIN:  10 mL remains clear after cooling at 0° for 3 h2
• ABSORBANCErT2 = peak response of EPA or DHA in the chromato-

Sample solution:  0.24 mg/mL in isooctanegram of Test Solution 2
Acceptance criteria:  The absorbance is NMT 0.70, deter-rU1 = response of any peak at the locus of the internal
mined at 233 nm.standard in the chromatogram of Test Solution

1 ADDITIONAL REQUIREMENTSrT1 = peak response of EPA or DHA in the chromato- • PACKAGING AND STORAGE:  Preserve in tight containers, andgram of Test Solution 1. [NOTE—If no peak is store at room temperature. Protect from light.found at the locus of the internal standard in • LABELING:  The label states the amount of docosahexaenoicthe chromatogram of Test Solution 1, RU = rT2/ acid (DHA) and eicosapentaenoic acid (EPA) in mg/Capsule.rU2.] • USP REFERENCE STANDARDS 〈11〉Acceptance criteria:  NLT 13.0% (w/w) of EPA and NLT 9.0% USP Docosahexaenoic Acid Ethyl Ester RS(w/w) of DHA All cis-4,7,10,13,16,19-docosahexaenoic ethyl ester.• CONTENT OF TOTAL OMEGA-3 ACIDS C24H36O2 356.55(See Fats and Fixed Oils 〈401〉, Omega-3 Fatty Acids Determina- USP Eicosapentaenoic Acid Ethyl Ester RStion and Profile.) all cis-5,8,11,14,17-Eicosapentaenoic ethyl ester.Analysis:  Proceed as directed in the test for Content of EPA and C22H34O2  330.51DHA. Calculate the percentage of the total omega-3 acids in USP Fish Oil RSthe portion of fish oil containing omega-3 acids taken from USP Methyl Tricosanoate RS▲USP35the Capsules:

Result = EPA + DHA + [An − 3(EPA + DHA)]/(AEPA + ADHA)

BRIEFINGEPA = content of EPA from the test for Content of EPA
and DHA [% (w/w)]

DHA = content of DHA from the test for Content of EPA
Ginger,  USP 32 page 1014; Powdered Ginger, USP 32 pageand DHA [% (w/w)]
1016; Ginger Capsules, USP 32 page 1016 and page 155 of PFAn−3 = sum of the areas of the peaks corresponding to
36(1) [Jan.–Feb. 2010]; Ginger Tincture, USP 32 page 1017. ItC18:3 n−3, C18:4 n−3, C20:4 n−3, C21:5 n−3,
is proposed to revise the Labeling section to provide an exemp-and C22:5 n−3 methyl esters in the chromato-
tion from the labeling requirements of the General Notices, sec-gram of Test Solution 2
tion 10.40.50. See also the briefing pertaining to the revision ofAEPA = area of the peak corresponding to the EPA meth-
the General Notices, appearing elsewhere in this issue of PF.yl ester in the chromatogram of Test Solution 2

ADHA = area of the peak corresponding to the DHA
methyl ester in the chromatogram of Test Solu-
tion 2 (DS: N. Sarma.) RTS—C94785

Acceptance criteria:  NLT 28.0% (w/w) of total omega-3
acids, expressed as free acids

PERFORMANCE TESTS
.• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the Gingerrequirements

• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS
DEFINITION〈2040〉:  Meet the requirements for Disintegration, Delayed-Re-
Ginger is the dried rhizome of Zingiber officinale Roscoe (Fam.lease (Enteric-Coated) Soft Shell Capsules

Zingiberaceae), scraped, partially scraped, or unscraped. It is
CONTAMINANTS known in commerce as unbleached ginger.
• FATS AND FIXED OILS, Trace Metals 〈401〉:  NMT 0.1 ppm each

IDENTIFICATIONof Pb, Cd, As, and Hg
• A.• LIMIT OF DIOXINS, FURANS, AND POLYCHLORINATED BIPHENYLS

Analysis:  Pulverize 5 g of Ginger. To 1 g of the pulverized Gin-Analysis:  Determine the content of polychlorinated dibenzo-
ger, add 5 mL of dilute acetic acid, prepared by diluting 1para-dioxins (PCDDs) and polychlorinated dibenzofurans
part of glacial acetic acid with 1 part of water, and shake for(PCDFs) by method No. 1613 revision B of the Environmental
15 min. Filter, and add a few drops of ammonium oxalate TSProtection Agency. Determine the content of polychlorinated
to the filtrate.biphenyls (PCBs) by method No. 1668 revision A of the Envi-

Acceptance criteria:  NMT a slight turbidity is produced.ronmental Protection Agency.
• B.Acceptance criteria:  The sum of PCDDs and PCDFs is NMT

Sample:  50 mg of the residue obtained in the test for Articles2.0 pg/g of WHO toxic equivalents. The sum of PCDDs,
of Botanical Origin, Alcohol-Soluble ExtractivesPCDFs, and dioxin-like PCBs (polychlorinated biphenyls, non-
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Analysis:  Dissolve the Sample in 25 mL of water, and extract Mode:  LC
this solution with two 15-mL portions of ether. Combine the Detector:  UV 282 nm
ether extracts, and evaporate in a porcelain dish. To the resi- Column:  4.6-mm × 25-cm; packing L1
due add 5 mL of sulfuric acid solution (7.5 in 10.0) and 5 mg Flow rate:  1 mL/min
of vanillin. Allow to stand for 15 min, and add an equal vol- Injection size:  25 µL
ume of water. System suitability

Acceptance criteria:  The solution turns azure blue. Samples:  Standard solution and System suitability solution
• C. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 [NOTE—The relative retention times for 6-gingerol, capsaicin,

Adsorbent:  0.50 mm layer of chromatographic silica gel and 6-shogaol are about 0.8, 1.0, and 1.9, respectively, Sys-
mixture tem suitability solution.]

Standard solution A:  Proceed as directed for the Sample solu- Suitability requirements
tion, except to use 0.2 g of USP Powdered Ginger RS. Resolution:  NLT 3.0 between the 6-gingerol and capsaicin

Standard solution B:  Use the System suitability solution, pre- peaks; NLT 10.0 between the capsaicin and 6-shogaol
pared as directed in the test for Content of Gingerols and peaks, System suitability solution
Gingerdiones. Tailing factors:  NMT 2.0 for the 6-gingerol, capsaicin, and

Sample solution:  Pulverize 5 g of Ginger. Transfer 0.2 g of 6-shogaol peaks, System suitability solution
pulverized Ginger to a test tube, add 5 mL of methanol, shake Relative standard deviation:  NMT 2.5%, Standard solution
for 30 min, and centrifuge. Apply the supernatant to the Analysis
plate. Samples:  Standard solution, Sample solution, and System suita-

Application volume:  20 µL for the Sample solution and Stan- bility solution
dard solution A; 40 µL for Standard solution B Calculate the sum of the peak responses due to gingerols and

Developing solvent system:  Ether and hexanes (7:3) gingerdiones occurring at about the following retention
Spray reagent:  10% sulfuric acid in alcohol times, relative to 1.0 for capsaicin: 0.8 for 6-gingerol, 1.5 for
Analysis 8-gingerol A, 2.2 for 8-gingerol B, 2.5 for 6-gingerdiol, 2.6
Samples:  Standard solution A, Standard solution B, and Sample for 6-gingerdione, 3.4 for 10-gingerol, and 5.2 for 8-ginger-
solution dione. Calculate the percentage of gingerols and ginger-
Proceed as directed in the chapter. Examine the plate under diones in the sample taken:
UV light at 254 nm. Spray the plate with Spray reagent,

Result = (rT/rS) × (CS/W) × 10heat 100°–105° for 10 min, and examine under daylight.
Acceptance criteria:  The chromatogram of the Sample solu-

rT = sum of the peak responses for gingerols andtion exhibits a spot due to gingerols that occurs at an RF value
gingerdiones from the Sample solutionof 0.2. A spot of shogaols may occur at an RF value of 0.4,

rS = peak response of capsaicin from the Standard so-corresponding to those shown in the chromatogram of Stan-
lutiondard solution B. [NOTE—The chromatograms of the Sample so-

CS = concentration of USP Capsaicin RS in the Stan-lution and Standard solution A may exhibit other spots in the
dard solution (mg/mL)upper region and at the origin of the plate.]

W = weight of Ginger used in the test for Articles of
COMPOSITION Botanical Origin, Alcohol-Soluble Extractives (g)
• CONTENT OF GINGEROLS AND GINGERDIONES Acceptance criteria:  NLT 0.8%

Solution A:  Acetonitrile, dilute phosphoric acid (1 in 1000),
CONTAMINANTSand methanol (55:44:1)
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues 〈561〉:  MeetsSolution B:  Acetonitrile

the requirementsMobile phase:  Use Solution A for NLT seven times the reten-
• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-tion time of capsaicin.

PLEMENTS 〈2021〉:  The total bacterial count does not exceedColumn washing:  After each chromatographic run, wash the
105 cfu/g; the total combined molds and yeasts count doescolumn, using Table 1.
not exceed 103 cfu/g; the bile-tolerant Gram-negative bacteria
count does not exceed 103 cfu/g; and it meets the require-

Table 1 ments of the tests for absence of Salmonella species and Es-
Time Solution A Solution B cherichia coli.
(min) (%) (%) 

SPECIFIC TESTS0 100 0 • BOTANIC CHARACTERISTICS
2 0 100 Macroscopic:  Ginger occurs in horizontal, laterally flattened,
12 0 100 sympodially branching pieces. Whole rhizomes are 5–15 cm
14 100 0 long, 1.5–6 cm wide, and up to 2 cm thick, sometimes split

longitudinally, pale yellowish buff or light brown externally,29 100 0
longitudinally striated, somewhat fibrous; branches flattish,

Standard solution:  0.1 mg/mL of USP Capsaicin RS in obovate, short, about 2 cm long, each ending with a de-
methanol pressed stem scar; fracture, short with projecting fibers, or

Sample solution:  Use the filtrate retained from the test for sometimes resinous; internally yellowish brown, showing a yel-
Articles of Botanical Origin, Alcohol-Soluble Extractives. low endodermis separating the narrow cortex from the wide

System suitability solution:  Reconstitute the content of 1 vial stele, and numerous yellowish points, secretion cells and nu-
of USP Ginger Constituent Mixture RS in 1 mL of the Standard merous bigger greyish points, vascular bundles, scattered on
solution. the whole surface. The unscraped rhizome shows in addition

Chromatographic system an outer layer of dark brown cork. Morphological characteris-
(See Chromatography 〈621〉, System Suitability.) tics of different varieties and forms of Ginger from different

geographical areas are listed in Table 1 of the general informa-
tion chapter Supplemental Information for Articles of Botanical
Origin 〈2030〉.

Histology:  The scraped rhizome in transverse section shows a
cortex composed of multiple layers of parenchyma cells rich in
simple, large, flattened, ovoid or sack-shaped starch granules,
5–15 µm wide and 30–60 µm long having an eccentric hilum,
some showing faint transverse striations. The cortex also
shows numerous oleoresin cells with a yellow or yellowish-

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1597

brown content and scattered collateral vascular bundles; a sin- • USP REFERENCE STANDARDS 〈11〉
gle layer of endodermal cells free from starch; a wide central USP Capsaicin RS
stele composed of parenchyma cells rich in starch and oleo- USP Ginger Constituent Mixture RS
resin cells similar to those of the cortex, and containing scat- USP Powdered Ginger RS
tered collateral vascular bundles, some enclosed in a sheath of
septate nonlignified fibers with wide lumen. In addition to the
above, the unscraped rhizome shows an outer zone of dark

BRIEFINGbrown cork cells.
• LIMIT OF SHOGAOLS

Analysis:  From the chromatograms obtained in the test for
Content of Gingerols and Gingerdiones, calculate the sum of the Powdered Ginger,  USP 32 page 1016. See the briefing under
peak responses due to shogaols, occurring at the following Ginger. In addition, this revision includes Identification tests for
retention times, relative to 1.0 for capsaicin: 1.9 for 6-shogaol, the article.
4.2 for 8-shogaol, and 5.8 for 10-shogaol.
Calculate the percentage of shogaols in the portion taken:

(DS: N. Sarma.) RTS—C94786Result = (rT/rS) × (CS/W) × 10

rT = sum of the peak responses of shogaols from the
Sample solution

.rS = peak response of capsaicin from the Standard so-
Powdered Gingerlution

CS = concentration of USP Capsaicin RS in the Stan-
dard solution, prepared as directed in the test DEFINITION
for Content of Gingerols and Gingerdiones Powdered Ginger is Ginger reduced to a fine or a very fine
(mg/mL) powder.

W = weight of Ginger used in the test for Articles of
IDENTIFICATIONBotanical Origin, Alcohol-Soluble Extractives (g)

Acceptance criteria:  NMT 0.18%
• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT Add the following:

2.0%
• ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,

Method 2 〈561〉 ▲• A.
Analysis:  Collect the filtrate in a 100-mL volumetric flask, and Analysis:  Pulverize 5 g of Powdered Ginger. To 1 g of the pul-
dilute with alcohol to volume. Evaporate 50 mL of the filtrate verized Powdered Ginger, add 5 mL of dilute acetic acid, pre-
at a temperature not exceeding 90°. [NOTE—Save the residue pared by diluting 1 part of glacial acetic acid with 1 part of
for use in Identification test B and the remaining volume of the water, and shake for 15 min. Filter, and add a few drops of
filtrate for the tests for Limit of Shogaols and Content of Ginger- ammonium oxalate TS to the filtrate.
ols and Gingerdiones.] Acceptance criteria:  NMT a slight turbidity is produced.▲USP35

Acceptance criteria:  NLT 4.5% residue
• ARTICLES OF BOTANICAL ORIGIN, Content of Starch, Method 1

Add the following:〈561〉:  NLT 42%, Method Ia of the General Procedures being
used

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter 〈561〉: ▲• B.NMT 1.0% Sample:  50 mg of the residue obtained in the test for Articles• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 8.0% of Botanical Origin, Alcohol-Soluble Extractives• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Content 〈561〉:  NLT Analysis:  Dissolve the Sample in 25 mL of water, and extract1.8 mL/100 g this solution with two 15-mL portions of ether. Combine the• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Ash 〈561〉:  NLT ether extracts, and evaporate in a porcelain dish. To the resi-1.9% due add 5 mL of sulfuric acid solution (7.5 in 10.0) and 5 mg• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives, Method of vanillin. Allow to stand for 15 min, and add an equal vol-2 〈561〉:  NLT 10.0% ume of water.• WATER DETERMINATION, Method Ia 〈921〉:  NMT 10% Acceptance criteria:  The solution turns azure blue.▲USP35

ADDITIONAL REQUIREMENTS
• PACKAGING AND STORAGE:  Preserve in well-closed containers, Add the following:

protected from light and moisture, and store in a cool area.

▲• C.THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉Change to read: Adsorbent:  0.50 mm layer of chromatographic silica gel
mixture

Standard solution A:  Proceed as directed for the Sample solu-• LABELING:  The label states the Latin binominal and, following
tion, except to use 0.2 g of USP Powdered Ginger RS.the official name, the part of the plant contained in the article.

Standard solution B:  Use the System suitability solution, pre-▲This article is exempted from the requirements of the General
pared as directed in the test for Content of Gingerols andNotices with respect to the pregnancy and lactation statement
Gingerdiones.(section 10.40.50, Labeling Botanical-Containing Products).▲USP35

Sample solution:  Pulverize 5 g of Powdered Ginger. Transfer
0.2 g of pulverized Powdered Ginger to a test tube, add 5 mL
of methanol, shake for 30 min, and centrifuge. Apply the su-
pernatant to the plate.

Application volume:  20 µL for the Sample solution and Stan-
dard solution A; 40 µL for Standard solution B
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Developing solvent system:  Ether and hexanes (7:3) rT = sum of the peak responses of gingerols and
Spray reagent:  10% sulfuric acid in alcohol gingerdiones from the Sample solution
Analysis rS = peak response of capsaicin from the Standard so-
Samples:  Standard solution A, Standard solution B, and Sample lution
solution CS = concentration of USP Capsaicin RS in the Stan-
Proceed as directed in the chapter. Examine the plate under dard solution (mg/mL)
UV light at 254 nm. Spray the plate with Spray reagent, W = weight of Powdered Ginger used in the test for
heat 100°–105° for 10 min, and examine under daylight. Articles of Botanical Origin, Alcohol-Soluble Ex-

Acceptance criteria:  The chromatogram of the Sample solu- tractives (g)
tion exhibits a spot due to gingerols that occurs at an RF value Acceptance criteria:  NLT 0.8%
of 0.2. A spot of shogaols may occur at an RF value of 0.4,

CONTAMINANTScorresponding to those shown in the chromatogram of Stan-
• HEAVY METALS 〈231〉:  NMT 20 ppmdard solution B. [NOTE—The chromatograms of the Sample so-
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues 〈561〉:  Meetslution and Standard solution A may exhibit other spots in the

the requirementsupper region and at the origin of the plate.]▲USP35
• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total bacterial

COMPOSITION count does not exceed 105 cfu/g; the total combined molds
• CONTENT OF GINGEROLS AND GINGERDIONES and yeasts count does not exceed 103 cfu/g; the bile-tolerant

Solution A:  Acetonitrile, dilute phosphoric acid (1 in 1000), Gram-negative bacteria count does not exceed 103 cfu/g; and
and methanol (55:44:1) it meets the requirements of the tests for absence of Salmo-

Solution B:  Acetonitrile nella species and Escherichia coli.
Mobile phase:  Use Solution A for NLT seven times the reten-

SPECIFIC TESTStion time of capsaicin.
• BOTANIC CHARACTERISTICS:  Under a microscope, Powdered Gin-Column washing:  After each chromatographic run, wash the

ger reveals mainly starch granules and parenchyma cells con-column, using Table 1.
taining them; simple, large, flattened, ovoid or sack-shaped
starch granules, 5–15 µm wide and 30–60 µm long having an

Table 1 eccentric hilum, some showing faint transverse striations; pa-
Time Solution A Solution B renchyma cells containing yellow-brown to dark brown resi-
(min) (%) (%) nous substances; groups of large, thin-walled nonlignified sep-

tate fibers with wide lumen; portions of septate fibers with0 100 0
attached vessels; large vessels with annular, spiral, or reticulate2 0 100
thickening and often accompanied by parenchyma cells con-

12 0 100 taining brown content; oleoresin in fragments or droplets,
14 100 0 staining with iodine TS and potassium iodide TS; and, rarely,
29 100 0 fragments of brown cork tissue, usually seen in surface view.

Sclerenchymatous cells, trichomes, and calcium oxalate are
Standard solution:  0.1 mg/mL of USP Capsaicin RS in absent.
methanol • LIMIT OF SHOGAOLS

Sample solution:  Use the filtrate retained from the test for Analysis:  From the chromatograms obtained in the test for
Articles of Botanical Origin, Alcohol-Soluble Extractives. Content of Gingerols and Gingerdiones, calculate the sum of the

System suitability solution:  Reconstitute the content of 1 vial peak responses due to shogaols, occurring at the following
of USP Ginger Constituent Mixture RS in 1 mL of the Standard retention times, relative to 1.0 for capsaicin: 1.9 for 6-shogaol,
solution. 4.2 for 8-shogaol, and 5.8 for 10-shogaol.

Chromatographic system Calculate the percentage of shogaols in the portion of Pow-
(See Chromatography 〈621〉, System Suitability.) dered Ginger taken:
Mode:  LC
Detector:  UV 282 nm Result = (rT/rS) × (CS/W) × 10
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1 mL/min rT = sum of the peak responses of shogaols from the
Injection size:  25 µL Sample solution

System suitability rS = peak response of capsaicin from the Standard so-
Samples:  Standard solution and System suitability solution lution
[NOTE—The relative retention times for 6-gingerol, capsaicin, CS = concentration of USP Capsaicin RS in the Stan-
and 6-shogaol are about 0.8, 1.0, and 1.9, respectively, Sys- dard solution, prepared as directed in the test
tem suitability solution.] for Content of Gingerols and Gingerdiones

Suitability requirements (mg/mL)
Resolution:  NLT 3.0 between the 6-gingerol and capsaicin W = weight of Powdered Ginger used in the test for
peaks; NLT 10.0 between the capsaicin and 6-shogaol Articles of Botanical Origin, Alcohol-Soluble Extrac-
peaks, System suitability solution tives (g)

Tailing factors:  NMT 2.0 for the 6-gingerol, capsaicin, and Acceptance criteria:  NMT 0.18%
6-shogaol peaks, System suitability solution • ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT

Relative standard deviation:  NMT 2.5%, Standard solution 2.0%
Analysis • ARTICLES OF BOTANICAL ORIGIN, Alcohol-Soluble Extractives,
Samples:  Standard solution, Sample solution, and System suita- Method 2 〈561〉
bility solution Analysis:  Collect the filtrate in a 100-mL volumetric flask, and
Calculate the sum of the peak responses due to gingerols dilute with alcohol to volume. Evaporate 50 mL of the filtrate
and gingerdiones, occurring at about the following reten- at a temperature not exceeding 90°.
tion times, relative to 1.0 for capsaicin: 0.8 for 6-gingerol, Acceptance criteria:  NLT 4.5% residue. [NOTE—Save the resi-
1.5 for 8-gingerol A, 2.2 for 8-gingerol B, 2.5 for 6- due for use in Identification test B (See Specific Tests, Other
gingerdiol, 2.6 for 6-gingerdione, 3.4 for 10-gingerol, and Requirements), and the remaining volume of the filtrate for the
5.2 for 8-gingerdione. Calculate the percentage of gingerols tests for Limit of Shogaols and Content of Gingerols and
and gingerdiones: Gingerdiones.]

• ARTICLES OF BOTANICAL ORIGIN, Content of Starch, Method 1
Result = (rT/rS) × (CS/W) × 10 〈561〉:  NLT 42%, Method Ia of the General Procedures being

used
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• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 8.0% Analysis:  Dissolve the Sample in 25 mL of water, and extract
• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Content 〈561〉:  NLT with two 15-mL portions of ether. Combine the ether ex-

1.8 mL/100 g tracts, and evaporate in a porcelain dish. To the residue, add 5
• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Ash 〈561〉:  NLT mL of sulfuric acid solution (7.5 in 10.0) and 5 mg of vanillin.

1.9% Allow to stand for 15 min, and add an equal volume of water.
• ARTICLES OF BOTANICAL ORIGIN, Water-Soluble Extractives, Method Acceptance criteria:  The solution turns azure blue.

2 〈561〉:  NLT 10.0% • C. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
• WATER DETERMINATION, Method Ia 〈921〉:  NMT 10% Adsorbent:  0.50-mm layer of chromatographic silica gel

mixture
Standard solution A:  Proceed as directed for the Sample solu-Delete the following: tion, except to use 0.2 g of USP Powdered Ginger RS.
Standard solution B:  Use the System suitability solution, pre-
pared as directed in the test for Content of Gingerols, Ginger-▲• OTHER REQUIREMENTS:  Meets the requirements of the test for
diones, and Shogaols.Identification under Ginger▲USP35

Sample solution:  Pulverize an amount of the contents of Cap-
sules equivalent to 5 g of ginger. Transfer an amount equiva-ADDITIONAL REQUIREMENTS
lent to 0.2 g of ginger to a test tube, add 5 mL of methanol,• PACKAGING AND STORAGE:  Preserve in well-closed containers,
shake for 30 min, and centrifuge. Apply the supernatant toprotected from light and moisture, and store in a cool area.
the plate.

Application volume:  20 µL for Standard solution A and the
Change to read: Sample solution; 40 µL for Standard solution B

Developing solvent system:  Ether and hexanes (7:3)
Spray reagent:  10% sulfuric acid in alcohol• LABELING:  The label states the Latin binomial and, following Analysisthe official name, the part of the plant source from which the Samples:  Standard solution A, Standard solution B, and Samplearticle was derived. ▲This article is exempted from the require- solutionments of the General Notices with respect to the pregnancy Proceed as directed in the chapter. Examine the plate underand lactation statement (section 10.40.50, Labeling Botanical- UV light at 254 nm. Spray the plate with Spray reagent,Containing Products).▲USP35 heat at 100°–105° for 10 min, and examine under daylight.• USP REFERENCE STANDARDS 〈11〉 Acceptance criteria:  The chromatogram of the Sample solu-USP Capsaicin RS tion exhibits a spot due to gingerols that occurs at an RF valueUSP Ginger Constituent Mixture RS of 0.2, and a spot of shogaols may occur at an RF value of 0.4,USP Powdered Ginger RS corresponding to those shown in the chromatogram of Stan-
dard solution B. [NOTE—The chromatograms of Standard solu-
tion A and the Sample solution may exhibit other spots in the
upper region and at the origin of the plate.]BRIEFING

STRENGTH
• CONTENT OF GINGEROLS, GINGERDIONES, AND SHOGAOLS

Ginger Capsules,  USP 32 page 1016 and page 155 of PF 36(1) Solution A:  Acetonitrile, dilute phosphoric acid (1 in 1000),
[Jan.–Feb. 2010]. See the briefing under Ginger. and methanol (55:44:1)

Solution B:  Acetonitrile
Mobile phase:  Use Solution A for NLT seven times the reten-
tion time of capsaicin.(DS: N. Sarma.) RTS—C94787
Column washing:  After each chromatographic run, wash the
column, using Table 1.

. Table 1
Ginger Capsules Time Solution A Solution B

(min) (%) (%) 
DEFINITION

0 100 0Ginger Capsules are prepared from Powdered Ginger and contain
2 0 100NLT 90.0% and NMT 110.0% of the labeled amount of ginger-
12 0 100ols, gingerdiones, and shogaols, and NLT 90.0% of the labeled

amount of volatile oil. 14 100 0
29 100 0

IDENTIFICATION
• A. Standard solution:  0.1 mg/mL of USP Capsaicin RS in

Analysis:  Pulverize an amount of the contents of Capsules methanol
equivalent to 5 g of ginger. To an amount equivalent to 1 g of Sample solution:  Mix and finely powder the contents of NLT
ginger, add 5 mL of dilute acetic acid, prepared by diluting 1 20 Capsules, and transfer an amount equivalent to 2.0 g of
part of glacial acetic acid with 1 part of water, and shake for powdered ginger to a glass-stoppered conical flask. Add 50
15 min. Filter, and add a few drops of ammonium oxalate TS mL of alcohol, insert a stopper into the flask, and macerate for
to the filtrate. 24 h, shaking frequently during the first 8 h, and then al-

Acceptance criteria:  NMT a slight turbidity is produced. lowing to stand for 18 h. Filter, and use the filtrate.
• B. System suitability solution:  Reconstitute the content of 1 vial

Sample of USP Ginger Constituent Mixture RS in 1 mL of the Standard
(See Articles of Botanical Origin 〈561〉, Alcohol-Soluble Extrac- solution.
tives, Method 2.) Chromatographic system

Collect the filtrate in a 100-mL volumetric flask, and dilute (See Chromatography 〈621〉, System Suitability.)
with alcohol to volume. Evaporate 50 mL of the filtrate at a
temperature not exceeding 90°. Use 50 mg of the residue for
the test.
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Mode:  LC Medium:  0.1 N hydrochloric acid; 500 mL
Detector:  UV 282 nm Apparatus 2:  75 rpm
Column:  4.6-mm × 25-cm; packing L1 Time:  60 min
Flow rate:  1 mL/min [NOTE—In each dissolution vessel, place a number of Cap-
Injection size:  25 µL sules equivalent to 20 mg of the labeled amounts of ginger-

System suitability ols, gingerdiones, and shogaols.]
Samples:  Standard solution and System suitability solution Solution A, Solution B, Mobile phase, Column washing, Sys-
[NOTE—The relative retention times for 6-gingerol, capsaicin, tem suitability solution, Chromatographic system, and Sys-
and 6-shogaol are about 0.8, 1.0, and 1.9, respectively, Sys- tem suitability:  Proceed as directed in the test for Content of
tem suitability solution.] Gingerols, Gingerdiones, and Shogaols.

Suitability requirements Standard stock solution:  Use the Standard solution prepared
Resolution:  NLT 3.0 between the 6-gingerol and capsaicin in the test for Content of Gingerols, Gingerdiones, and Shogaols.
peaks; NLT 10.0 between the capsaicin and 6-shogaol Standard solution:  0.025 mg/mL of USP Capsaicin RS from
peaks, System suitability solution Standard stock solution, in Medium

Tailing factors:  NMT 2.0 for the 6-gingerol, capsaicin, and Sample solution:  Transfer an aliquot of solution from each
6-shogaol peaks, System suitability solution dissolution vial to a suitable vial. Allow to stand for 5 min so

Relative standard deviation:  NMT 2.5% for the capsaicin that the powder settles into the suspension, or centrifuge to
peak for replicate injections, Standard solution obtain a clear supernatant. Pass through a membrane filter

Analysis with a 0.45-µm or finer pore size.
Samples:  Standard solution, Sample solution, and System suita- Analysis
bility solution Samples:  Standard solution and Sample solution

Calculate the sum of the peak responses due to gingerols and [NOTE—Allow the Sample solution to elute for NLT three times
gingerdiones occurring at about the following retention the retention time of capsaicin.]
times relative to 1.0 for capsaicin: 0.8 for 6-gingerol, 1.5 for Calculate the quantity, G, in mg, of 6-gingerol dissolved
8-gingerol A, 2.2 for 8-gingerol B, 2.5 for 6-gingerdiol, 2.6 from each Capsule taken:
for 6-gingerdione, 3.4 for 10-gingerol, and 5.2 for 8-ginger-

G = V × (C/N) × (rU/rS)dione. Calculate the sum of the peak responses due to sho-
gaols, occurring at about the following retention times, rela-

V = volume of Medium; 500 mLtive to 1.0 for capsaicin: 1.9 for 6-shogaol, 4.2 for 8-shogaol,
C = concentration of USP Capsaicin RS in the Stan-and 5.8 for 10-shogaol. Calculate the amount, in mg, of

dard solution (mg/mL)gingerols, gingerdiones, and shogaols in the portion of Cap-
N = number of Capsules in each vesselsules taken:
rU = peak response of 6-gingerol from the Sample so-

lutionResult = (rT/rS) × CS × V
rS = peak response of capsaicin from the Standard so-

rT = sum of the peak responses for gingerols, ginger- lution
diones, and shogaols from the Sample solution Calculate the percentage of the relative amount of 6-gingerol

rS = peak response of capsaicin from the Standard so- dissolved:
lution

Result = (G/G0) × 100CS = concentration of USP Capsaicin RS in the Stan-
dard solution (mg/mL)

G0 = content of 6-gingerol in each Capsule, as deter-V = final volume of the Sample solution (mL)
mined in the test for Content of Gingerols,Acceptance criteria:  90.0%–110.0% of the labeled amount of
Gingerdiones, and Shogaols (mg)gingerols, gingerdiones, and shogaols

Tolerances:  NLT 60% of the content of 6-gingerol (C17H26O4)Calculate the amount (G0), in mg, of 6-gingerol in each Cap-
is dissolved.sule taken:

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the
requirementsG0 = CS/W × (rU/rS) × V × A

ADDITIONAL REQUIREMENTSCS = concentration of USP Capsaicin RS in the Stan-
• PACKAGING AND STORAGE:  Preserve in well-closed containers,dard solution (mg/mL)

and store at controlled room temperature.W = weight of powdered ginger used in the prepara-
tion of the Sample solution (g)

rU = peak response of 6-gingerol from the Sample so- Change to read:
lution

rs = peak response of capsaicin from the Standard so-
lution • LABELING:  The label states the Latin binomial and, following

V = final volume of the Sample solution (mL) the official name, the part of the plant from which the article
A = average Capsule fill weight (g) was prepared. The label also indicates the content of ginger-

• ARTICLES OF BOTANICAL ORIGIN, Volatile Oil Determination 〈561〉 ols, gingerdiones, and shogaols, in mg per Capsule, and the
Sample:  Finely powder a quantity of Capsules, equivalent to content of volatile oil, in µL per Capsule. ▲This article is ex-
100 g of powdered ginger. empted from the requirements of the General Notices with re-

Acceptance criteria:  NLT 1.4 mL/100 g (NLT 90.0% of the spect to the pregnancy and lactation statement (section
labeled amount of volatile oil) 10.40.50, Labeling Botanical-Containing Products).▲USP35

• USP REFERENCE STANDARDS 〈11〉
PERFORMANCE TESTS USP Capsaicin RS

USP Ginger Constituent Mixture RS
USP Powdered Ginger RSChange to read:

• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS
〈2040〉:  ▲Meet the requirements for Dissolution▲USP34
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BRIEFING Sample solution:  Tincture
System suitability solution:  Reconstitute the content of 1 vial
of USP Ginger Constituent Mixture RS in 1 mL of Standard
solution.Ginger Tincture,  USP 32 page 1017. See the briefing under

Chromatographic systemGinger.
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC
Detector:  UV 282 nm

(DS: N. Sarma.) RTS—C94788 Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1 mL/min
Injection size:  25 µL

System suitability
. Samples:  Standard solution and System suitability solutionGinger Tincture [NOTE—The relative retention times for 6-gingerol, capsaicin,

and 6-shogaol are about 0.8, 1.0, and 1.9, respectively, Sys-
DEFINITION tem suitability solution.]
Ginger Tincture is prepared as follows: Suitability requirements

Resolution:  NLT 3.0 between the 6-gingerol and capsaicin 
peaks; NLT 10.0 between the capsaicin and 6-shogaolGinger 200 g
peaks, System suitability solution

A mixture of Alcohol and Water (7:3), 1000 mL Tailing factors:  NMT 2.0 for the 6-gingerol, capsaicin, and
a sufficient quantity to make 6-shogaol peaks, System suitability solution

Relative standard deviation:  NMT 2.5%, Standard solutionPrepare the Tincture as directed for Botanical Extracts 〈565〉, Tinc-
Analysistures, Maceration Process. It contains NLT 0.10% of gingerols.
Samples:  Standard solution, Sample solution, and System suita-
bility solutionIDENTIFICATION

Calculate the percentage of gingerols in the portion of Tinc-• THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
ture taken:Adsorbent:  0.50-mm layer of chromatographic silica gel

mixture
Result = (rU/rS) × CS × 0.1Standard solution A:  Transfer 0.2 g of USP Powdered Ginger

RS to a test tube, add 5 mL of methanol, shake for 30 min,
rU = sum of the peak responses of gingerols from theand centrifuge. Apply the supernatant to the plate.

Sample solutionStandard solution B:  Use the System suitability solution, pre-
rS = peak response of capsaicin from the Standard so-pared as directed in the test for Content of Gingerols.

lutionSample solution:  Tincture
CS = concentration of USP Capsaicin RS in the Stan-Application volume:  20 µL for the Sample solution and Stan-

dard solution (mg/mL)dard solution A; 40 µL for Standard solution B
Acceptance criteria:  NLT 0.10%Developing solvent system:  Ethyl ether and hexane (7:3)

Spray reagent:  10% sulfuric acid in alcohol OTHER COMPONENTS
Analysis • ALCOHOL DETERMINATION, Method I 〈611〉:  NLT 90.0% and
Samples:  Standard solution A, Standard solution B, and Sample NMT 110.0% of the labeled amount of C2H5OH
solution
Proceed as directed in the chapter. Examine the plate under CONTAMINANTS
UV light at 254 nm. Spray the plate with Spray reagent, • ARSENIC, Method II 〈211〉:  NMT 1 ppm
heat at 100°–105° for 10 min, and examine under daylight. • HEAVY METALS, Method III 〈231〉:  NMT 10 ppm

Acceptance criteria:  The chromatogram of the Sample solu- • ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi-
tion exhibits a spot due to gingerols that occurs at an RF value dues Analysis 〈561〉:  Meets the requirements
of 0.2, and a spot of shogaols may occur at an RF value of 0.4, • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-
corresponding to the chromatogram of Standard solution B. PLEMENTS 〈2021〉:  The total aerobic microbial count does not
[NOTE—The chromatograms of the Sample solution and Stan- exceed 104 cfu/g, and the total combined molds and yeasts
dard solution A may exhibit other spots in the upper region count does not exceed 1000 cfu/g.
and at the origin of the plate.]

SPECIFIC TESTS
STRENGTH • LIMIT OF 6-SHOGAOL
• CONTENT OF GINGEROLS Analysis:  Using the chromatograms from the test for Content

Solution A:  Acetonitrile, dilute phosphoric acid (1 in 1000), of Gingerols, calculate the percentage of 6-shogaol in the por-
and methanol (55:44:1) tion of Tincture taken:

Solution B:  Acetonitrile
Mobile phase:  Use Solution A for NLT seven times the reten- Result = (rU/rS) × CS × 0.1
tion time of capsaicin.

rU = peak response of 6-shogaol from the Sample solu-Column washing:  After each chromatographic run, wash the
tioncolumn, using Table 1.

rS = peak response of capsaicin from the Standard so-
lutionTable 1

CS = concentration of USP Capsaicin RS in the Stan-
Time Solution A Solution B dard solution (mg/mL)
(min) (%) (%) Acceptance criteria:  NMT 0.034%

0 100 0 • LIMIT OF NONVOLATILE RESIDUE:  Evaporate a 10-mL portion in a
tared platinum or porcelain dish, and dry at 105° for 6 h: the2 0 100
weight of the residue is 80–120 mg.12 0 100

• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 0.5%
14 100 0 • SPECIFIC GRAVITY 〈841〉:  0.90–0.95
29 100 0 • OTHER REQUIREMENTS:  Meets the requirements for Botanical Ex-

tracts 〈565〉, Tinctures, Packaging, and StorageStandard solution:  0.1 mg/mL of USP Capsaicin RS in
methanol
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ADDITIONAL REQUIREMENTS has moved about 10 cm from the origin. Remove the plate
from the chromatographic chamber, and dry in a circulat-
ing air oven at 100°–105°. Immediately spray the hot plateChange to read: with Spray reagent 1, then spray it with Spray reagent 2.
Allow the plate to cool for 30 min, and examine under
long-wavelength UV light.• LABELING:  Label it to indicate that it is for manufacturing pur-

Acceptance criteria:  The chromatogram of the Standard so-poses only, in addition to the information specified for Botani-
lution shows in its middle part, with increasing RF values, acal Extracts 〈565〉, Tinctures, Labeling. ▲This article is exempted
yellowish-brown fluorescent zone due to rutin, and a lightfrom the requirements of the General Notices with respect to
blue fluorescent zone due to chlorogenic acid. The Samplethe pregnancy and lactation statement (section 10.40.50, La-
solution shows a yellowish-brown fluorescent zone and a lightbeling Botanical-Containing Products).▲USP35
blue fluorescent zone at RF similar to those of rutin and• USP REFERENCE STANDARDS 〈11〉
chlorogenic acid, respectively, in the Standard solution. Addi-USP Capsaicin RS
tional yellowish-green zones due to flavonoids are detectedUSP Ginger Constituent Mixture RS
in the Sample solution. These include one zone below theUSP Powdered Ginger RS
rutin zone, two zones between the rutin and chlorogenic
acid zones, and four zones above the chlorogenic acid zone.
Other, less intense zones may be seen in the Sample solution.

Test for terpene lactonesBRIEFING
Adsorbent:  0.50-mm layer of chromatographic silica gel
Sample solution:  Transfer 0.8 g of the dried test specimen
retained from the test for Loss on Drying to a suitable flaskGinkgo,  USP 32 page 1017. On the basis of comments and fitted with a reflux condenser, add 5 mL of a mixture ofdata received, it is proposed to replace the Identification, Test for methanol and water (1:10), and heat under reflux for 15flavonoids and Test for terpene lactones with more specific HPTLC min. While still hot, filter the contents of the flask with thetests, change the wavelength of analysis in the test for Content aid of a vacuum. Rinse the flask and the test specimen with 2of Flavonol Glycosides from 270 to 370 nm, use the USP Refer- mL of a mixture of methanol and water (2:100), and transference Standards for kaempferol and isorhamnetin instead of the the rinsings to the filter with the aid of a vacuum. Return thereagent grade substances, and add a limit for heavy metals. powdered Ginkgo to the flask, add 4 mL of a mixture of
methanol and water (1:10), and repeat the extraction. After
filtration, wash the residue of powdered Ginkgo twice with

(DS: M. Sharaf.) RTS—C94977 1.5 mL of a mixture of methanol and water (2:100). Com-
bine the filtrates, and transfer the combined filtrates (about
12 mL) to a solid-phase extraction column containing L1
packing with a sorbent mass-to-column volume ratio of 1000

. mg/3 mL or equivalent. [NOTE—Initially pass 10 mL of meth-
Ginkgo anol and then 10 mL of a mixture of methanol and water

(2:100) through the column to condition it. Do not allow the
column to dry.]DEFINITION
Collect the eluate at the rate of 1 drop per s. Evaporate theGinkgo consists of the dried leaf of Ginkgo biloba L. (Fam.
eluate to dryness and dissolve the residue in 2 mL ofGinkgoaceae). It contains NLT 0.5% of flavonoids, calculated as
methanol.flavonol glycosides, with a mean molecular mass of 756.7; and

Developing solvent system:  Ethyl acetate and methyl ace-NLT 0.1% of terpene lactones, calculated as the sum of
tate (1:1)bilobalide (C15H18O8), ginkgolide A (C20H24O9), ginkgolide B

Analysis(C20H24O10), and ginkgolide C (C20H24O11), both on the dried
Sample:  Sample solutionbasis.
Prepare a suitable TLC plate coated with Adsorbent as fol-

IDENTIFICATION lows. Immerse the plate for 20 s in a solution of sodium
acetate in methanol containing 1 g/10 mL. Allow the ex-
cess coating liquid to drip from the plate, and dry in aChange to read: forced-air oven at 70° for 30 min. Cool in a desiccator.
Separately apply several 10-µL spots of the Sample solution
to the impregnated plate, and allow the spots to air-dry.• THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
Develop the plate in the Developing solvent system in aTest for flavonoids
chromatographic chamber without filter paper attached toAdsorbent:  0.25-mm layer of chromatographic silica gel
the walls until the solvent front travels three-fourths of theStandard solution:  0.6 mg/mL of USP Rutin RS and 0.2 mg/
length of the plate. Remove the plate from the chamber,mL of USP Chlorogenic Acid RS in methanol
mark the solvent front, and dry in an oven at 105° for 15Sample solution:  Transfer 0.2 g of finely powdered Ginkgo
min. Spray the plate with acetic anhydride, and heat in anto a test tube, add 10 mL of methanol, and heat in a water
oven at 140° for 25 min. Cool and examine the platebath at 65° for 10 min. Shake the mixture frequently during
under short- and long-wavelength UV light. [NOTE—Thethe heating. Allow to cool to room temperature, filter, con-
compounds present in high concentrations may be visiblecentrate the filtrate in a hot water bath at 60° to half its
in daylight as light brown spots.]volume, and cool.

Acceptance criteria:  The presence of terpene lactones in theDeveloping solvent system:  Ethyl acetate, anhydrous formic
Sample solution is shown by the following spots detected inacid, glacial acetic acid, and water (100:11:11:26)
the chromatogram at both the short and long wavelengthsSpray reagent 1:  10 mg/mL of 2-aminoethyl
at about the RF values listed below. Other spots of varyingdiphenylborinate in methanol
intensities also may be seen.Spray reagent 2:  50 mg/mL of polyethylene glycol 400 in

alcohol
Application volume:  20 µL Components RF Value 
Analysis Bilobalide 0.75

Samples:  Standard solution and Sample solution Ginkgolide A 0.68Apply the samples separately as bands to a suitable TLC
Ginkgolide B 0.52plate (see Chromatography 〈621〉) and allow the bands to

dry. Develop the chromatograms until the solvent front
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Components RF Value matograms, saturate the chamber for 20 min with Develop-
ing solvent system. Record temperature and humidity in theGinkgolide J 0.39
laboratory. If the relative humidity exceeds 50%, conditionGinkgolide C 0.27
the plate to about 35% relative humidity, using a suitable
device. Develop the chromatograms until the solvent front▲Test for flavanoids
has moved up about 90% of the plate, remove the plateAdsorbent:  Chromatographic silica gel mixture with an aver-
from the chromatographic chamber, and dry in cold air.age particle size of 5 µm (HPTLC plates)
Spray the plate with Spray reagent, heat at 180° for 10Standard solution:  A solution of 0.6 mg/mL of USP Rutin
min, cool, and examine under short-wavelength UV light.RS, 0.2 mg/mL USP Chlorogenic Acid RS, and 0.2 mg/mL

Acceptance criteria:  The Standard solution chromatogramUSP Quercetin RS in methanol
shows five distinct quenching zones corresponding to the dif-Sample solution:  Transfer 1.0 g of finely powdered Ginkgo
ferent ginkgo terpene lactones ginkgolide C, ginkgolide J,to a 50-mL round-bottom flask fitted with a reflux condenser,
ginkgolide B, ginkgolide A, and bilobalide at RF values ofadd 10 mL of methanol, reflux in a water bath for 10 min,
about 0.13, 0.18, 0.32, 0.38, and 045, respectively. Theallow to cool to room temperature, and filter.
Sample solution chromatogram shows a strong quenching[NOTE—Reserve some of the Sample solution for use in the
zone at the application position, a broad quenching zoneTest for terpene lactones.]
near the solvent front, and five distinct quenching zones cor-Developing solvent system:  Ethyl acetate, water, anhydrous
responding to different ginkgo terpene lactones at RF similarformic acid, and glacial acetic acid (100:26:11:11)
to those detected in the Standard solution chromatogram.Spray reagent 1:  5 mg/mL of 2-aminoethyl diphenylborinate
[NOTE—RF values may differ from one plate to another due toin methanol
the impregnation step.]▲USP35Spray reagent 2:  50 mg/mL of polyethylene glycol 400 in

alcohol
COMPOSITIONApplication volume:  5 µL

Analysis
Samples:  Standard solution and Sample solution Change to read:
Before development of the chromatograms, saturate the
chamber for 20 min with Developing solvent system. Record

•  CONTENT OF FLAVONOL GLYCOSIDEStemperature and humidity in the laboratory. If the relative
Extraction solvent:  Alcohol, water, and hydrochloric acidhumidity exceeds 50%, condition the plate to about 35%
(50:20:8)relative humidity using a suitable device. Apply the sam-

Mobile phase:  Methanol, water, and phosphoric acidples separately as bands to a suitable thin-layer chromato-
(100:100:1)graphic plate (see Chromatography 〈621〉), and allow the

Standard solution A:  0.02 mg/mL of USP Quercetin RS inbands to dry. Develop the chromatograms until the solvent
methanolfront has moved up about 90% of the plate, remove the

Standard solution B:  0.02 mg/mL of kaempferol in methanolplate from the chromatographic chamber, and dry in a
Standard solution C:  0.005 mg/mL of isorhamnetin incirculating air oven at 105° for 5 min. Immediately spray
methanolthe hot plate with Spray reagent 1, then with Spray reagent

Sample solution:  Transfer about 1.0 g of Ginkgo, finely pow-2, dry, and examine under long-wavelength UV light.
dered and accurately weighed, to a 250-mL flask fitted with aAcceptance criteria:  The Standard solution shows in its lower
reflux condenser. Add 78 mL of Extraction solvent and reflux inpart with increasing RF values a yellowish-brown fluorescent
a hot water bath for 135 min. [NOTE—The solution will turnzone due to rutin (RF 0.28), a light blue fluorescent zone due
deep red. The color of the solution is not a definitive indica-to chlorogenic acid (RF 0.36), and a yellow fluorescent zone
tion of reaction completeness.]due to quercetin (RF 0.92). The Sample solution shows a yel-
Allow to cool at room temperature. Decant to a 100-mL volu-lowish-brown fluorescent zone, a light blue fluorescent zone,
metric flask. Add 20 mL of methanol to the 250-mL flask andand a yellowish-brown fluorescent zone at RF similar to those
sonicate for 30 min. Filter, collect the filtrate in the 100-mLof rutin, chlorogenic acid, and quercetin, respectively, in the
volumetric flask, wash the residue on the filter with metha-Standard solution. Additional yellowish to yellowish-green
nol, collect the washing in the same 100-mL volumetric flask,zones due to flavonoids detected in the Sample solution chro-
dilute to volume, and mix.matogram include one zone below the rutin zone, two zones

Chromatographic systembetween the rutin and chlorogenic acid zones, and two
 (See Chromatography 〈621〉, System Suitability.)zones above the chlorogenic acid zone. Other zones may be
Mode:  LCseen in the Sample solution chromatogram.
Detector:  UV 270 nmTest for terpene lactones
Column:  4.6-mm × 25-cm; packing L1Adsorbent:  Chromatographic silica gel mixture with an aver-
Flow rate:  1.5 mL/minage particle size of 5 µm (HPTLC plates)
Injection size:  20 µLStandard solution:  Dissolve an amount of USP Ginkgo

System suitabilityTerpene Lactones RS in methanol to obtain a solution con-
Samples:  Standard solution A, Standard solution B, and Stan-taining in each mL about 1.0, 0.9, 0.6, 0.7, and 0.2 mg of
dard solution Cbilobalide, ginkgolide A, ginkgolide B, ginkgolide C, and
[NOTE—The relative retention times for quercetin, kaempferol,ginkgolide J, respectively.
and isorhamnetin are about 1.0, 1.8, and 2.0, respectively.]Sample solution:  Use the Sample solution prepared in the

Suitability requirementsTest for flavonoids.
Relative standard deviation:  NMT 2.0% determined fromDeveloping solvent system:  Toluene, ethyl acetate, acetone,
the quercetin peak in repeated injectionsand methanol (20:10:10:1.2)

AnalysisSpray reagent 1:  Acetic anhydride
Samples:  Standard solution A and Sample solutionApplication volume:  5 µL
Calculate the percentage of each flavonol glycoside in the por-Analysis
tion of Ginkgo taken:Samples:  Standard solution and Sample solution

Immerse a suitable thin-layer chromatographic plate coated
Result = (rU/rS) × (CS/W) × F × 10with Adsorbent for 2 s in a 8 g/200 mL solution of sodium

acetate in methanol. Allow the excess liquid to drip from
rU = peak area for the relevant analyte from the Sam-the plate, dry in a forced-air oven at 70° for 30 min, and

ple solutioncool in a desiccator. Apply the samples separately as bands
rS = peak area of USP Quercetin RS from Standardto the impregnated plate (see Chromatography 〈621〉), and

solution Aallow the spots to air-dry. Before development of the chro-
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CS = concentration of USP Quercetin RS in Standard Calculate the total percentage of flavonol glycosides by add-
solution A (mg/mL) ing the individual percentages calculated.

W = weight of Ginkgo taken to prepare the Sample Acceptance criteria:  NLT 0.5% of flavonoids, as flavonol gly-
solution (g) cosides, with a mean molecular mass of 756.7, on the dried

F = 2.51, the mean molecular mass factor to convert basis▲USP35

each analyte into flavonol glycoside with a •  CONTENT OF TERPENE LACTONES
mean molecular mass of 756.7 Solvent:  Methanol and water (9:1)

Calculate the total percentage of flavonol glycosides by add- Buffer solution:  Dissolve 1.19 g of dibasic sodium phosphate
ing the individual percentages calculated. and 8.25 g of monobasic potassium phosphate in 1000 mL of

Acceptance criteria:  NLT 0.5% of flavonoids, as flavonol gly- water, and adjust to a pH of 5.8.
cosides with a mean molecular mass of 756.7, on the dried Diluent:  Methanol and water (1:1)
basis Solution A:  Water

▲Extraction solvent:  Alcohol, hydrochloric acid, and water Solution B:  Methanol
(25:4:10) Mobile phase:  See Table 1.

Mobile phase:  Methanol, water, and phosphoric acid
(100:100:1) Table 1

Standard solution A:  0.02 mg/mL of USP Quercetin RS in
Time Solution A Solution Bmethanol
(min) (%) (%) Standard solution B:  0.02 mg/mL of USP Kaempferol RS in

0 75 25methanol
Standard solution C:  0.005 mg/mL of USP Isorhamnetin RS 23 52 48
in methanol 28 52 48

Sample solution:  Transfer about 1.0 g of Ginkgo, finely pow- 30 25 75dered, to a 250-mL flask fitted with a reflux condenser. Add
35 10 9078 mL of Extraction solvent, and reflux on a hot water bath for
40 75 25135 min. [NOTE—The solution will turn deep red. The color of
50 75 25the solution is not a definitive indication of reaction complete-

ness.] Allow to cool at room temperature. Decant to a 100-mL
Standard solutions:  Dissolve accurately weighed quantities ofvolumetric flask. Add 20 mL of methanol to the 250-mL flask,
USP Ginkgo Terpene Lactones RS in Diluent, sonicate for a fewand sonicate for 30 min. Filter, collect the filtrate in the 100-
min, and dilute with Diluent to obtain solutions with knownmL volumetric flask, wash the residue on the filter with meth-
concentrations of about 0.25, 0.5, 1.0, 2.0, and 4.0 mg/mL.anol, collect the washing in the same 100-mL volumetric flask,
Pass through a filter of 0.45-µm or finer pore size.and dilute to volume.

Sample solution:  Transfer about 2.5 g of Ginkgo, accuratelyChromatographic system
weighed, to a 30-mL glass centrifuge tube with screw cap and(See Chromatography 〈621〉, System Suitability.)
PTFE gasket. Add 10.0 mL of Solvent, seal the tube, and mixMode:  LC
well on a vortex mixer. Heat in a water bath at 90° for 30Detector:  UV 370 nm
min. Mix the hot suspension on a vortex mixer, and repeatColumn:  4.6-mm × 25-cm; packing L1
the heating at 90° for 30 min. Cool, centrifuge, transfer theFlow rate:  1.5 mL/min
supernatant to a flask, and return the residue to the glassInjection size:  20 µL
tube. Repeat the extraction two more times, each time usingSystem suitability
10.0 mL of Solvent. Combine the extracts, allow them to coolSamples:  Standard solution A, Standard solution B, and Stan-
to room temperature, and evaporate to dryness under vacuumdard solution C
in a water bath maintained at 50°. Add 10 mL of Buffer solu-[NOTE—The relative retention times for quercetin, kaempferol,
tion to the residue, and sonicate for 5 min. Quantitativelyand isorhamnetin are about 1.0, 1.8, and 2.0, respectively;
transfer the solution to a glass chromatographic tube filledStandard solution A, Standard solution B, and Standard solu-
with chromatographic siliceous earth capable of holding 20tion C.]
mL of aqueous phase.1  Rinse the beaker with two 5-mL por-Suitability requirements
tions of Buffer solution, and transfer the washings to the col-Relative standard deviation:  NMT 2.0% determined from
umn. [NOTE—Do not exceed 20 mL of total aqueous phase orthe quercetin peak in repeated injections, Standard solution
the holding capacity of the chromatographic tube.]A
Allow the Buffer solution to be absorbed into the column. AfterAnalysis
15 min, elute the column with 100 mL of ethyl acetate, col-Samples:  Standard solution A, Standard solution B, Standard
lect the ethyl acetate solution, and evaporate to drynesssolution C, and Sample solution
under vacuum in a water bath maintained at 50°. DissolveCalculate the percentage of each flavonol glycoside in the por-
the residue in 10.0 mL of Diluent.tion of Ginkgo taken:

Chromatographic system
 (See Chromatography 〈621〉, System Suitability.)Result = (rU/rS) × (CS/W) × F × 10
Mode:  LC

rU = peak area of the relevant analyte from the Sample Detector:  Evaporative light-scattering detector. [NOTE—The
solution parameters of the detector are adjusted to achieve the best

rS = peak area of the relevant analyte from Standard signal-to-noise ratio, according to manufacturer
solution A, Standard solution B, or Standard solu- recommendations.]
tion C Column:  4.6-mm × 25-cm; packing L1

CS = concentration of the relevant analyte in Standard Column temperature:  25 ± 1°
solution A, Standard solution B, or Standard solu- Flow rate:  1 mL/min
tion C (mg/mL) Injection size:  15 µL

W = weight of Ginkgo taken to prepare the Sample System suitability
solution (g) Samples:  Standard solutions

F = mean molecular mass factor to convert each Suitability requirements
analyte into flavonol glycoside with a mean Chromatogram similarity:  The chromatograms from the
molecular mass of 756.7; 2.504 for quercetin, Standard solutions are similar to the Reference Chromato-
2.437 for isorhamnetin, and 2.588 for gram provided with USP Ginkgo Terpene Lactones RS.
kaempferol

1 Suitable commercially available material is Extrelut NT 20 from E Merck
Science.

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1605

Relative standard deviation:  NMT 2.0% determined from nent dichotomous venation appearing parallel and extending
the bilobalide peak in repeated injections from the lamina base to the apical margin. Petioles, similar

Correlation coefficient:  NLT 0.995 for the regression line color to leaf, are channeled on the adaxial surface, and 2–8
as determined in the Analysis cm in length.

Analysis Histology
Samples:  Standard solutions and Sample solution Transverse section of lamina:  A thin but marked cuticle oc-
Record the chromatograms, and identify the peaks of the curs over a single layer of epidermal cells on both surfaces.
relevant analytes in the chromatograms of the Standard so- Stomata are present on the lower surface only, with guard
lutions by comparison with the Reference Chromatogram. cells sunken with respect to adjacent epidermal cells. Palisade
Measure the areas of the analyte peaks. Plot the logarithms elements, elongated, at right angles to the surface and often
of the relevant peak responses versus the logarithms of con- irregular in appearance, occur just below the upper epider-
centrations, in mg/mL, of each analyte from the Standard mis. Vascular bundles occur at intervals along the width of
solutions, and determine the regression line using a least- the blade, with adjacent cluster crystals of calcium oxalate.
squares analysis. Cells of the mesophyll are smaller than the palisade cells,

From the graphs, determine the concentration, C, in mg/mL, elongated, parallel to the leaf surface, and separated by large
of the relevant analyte in the Sample solution. Separately intercellular spaces.
calculate the percentages of bilobalide (C15H18O8), Powdered lamina and petiole:  Under the microscope, trans-
ginkgolide A (C20H24O9), ginkgolide B (C20H24O10), and verse fragments of the leaf display a smooth cuticle, present
ginkgolide C (C20H24O11) in the portion of Ginkgo taken: on both leaf surfaces and staining pinkish orange with sudan

III TS. In surface view, cells of the upper epidermis are elon-
Result = 1000 × (C/W) gated and wavy-walled, with abundant yellow droplets 2–12

µm in diameter visible in mature and old leaves but not in
C = concentration of the relevant analyte in the Sam- young leaves. Cells of the lower epidermis are similar in

ple solution (mg/mL) shape but have straighter walls and are interrupted by aniso-
W = weight of Ginkgo taken to prepare the Sample cytic stomata. Numerous lignified elements derived from the

solution (mg) lamina and petiole are present, including xylem vessels with
Calculate the total percentage of terpene lactones in the por- annular thickening, tracheids, and vessels with bordered pits.
tion of Ginkgo taken by adding the percentages calculated The extent of lignification, particularly in the petiole, in-
for each analyte. creases with age of leaf. Calcium oxalate crystals are numer-

Acceptance criteria:  NLT 0.1% of terpene lactones, calculated ous, present scattered or associated with vessels, ranging in
as the sum of bilobalide, ginkgolide A, ginkgolide B, and size from 5–50 µm in young leaves and 15–100 µm in ma-
ginkgolide C, on the dried basis ture leaves. Under crossed polaroids, numerous smaller

prism- or tear-shaped shiny features of indeterminate natureCONTAMINANTS may be present. Very occasional, highly elongated, uniseriate,• ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi- covering trichomes with no obvious cross walls and smoothdues Analysis 〈561〉:  Meets the requirements or warty surfaces may be seen. Mature leaves may show the
presence of very rare, polygonal to circular starch granules
approximately 20 µm in diameter, with a central hilum andAdd the following:
exhibiting a marked Maltese cross under crossed polaroids.

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter 〈561〉:
▲• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm▲USP35 NMT 3.0% of stems and NMT 2.0% of other foreign organic

matter

Change to read:
Change to read:

• MICROBIAL ENUMERATION TESTS 〈2021〉:  Meets the requirements
of the tests for absence of Salmonella species and Escherichia • LOSS ON DRYING 〈731〉:  Dry 1.0 g of finely powdered Ginkgo at
coli. The total aerobic bacterial count does not exceed 105 cfu/ 105° for 2 h: it loses NMT 11.0% of its weight. [NOTE—Re-
g, the total combined molds and yeasts count does not ex- serve the dried test specimen for use in the Identification Test
ceed 103 cfu/g, and the bile-tolerant Gram-negative bacteria for terpene lactones.]▲

▲USP35
does not exceed 103 cfu/g.▲The total aerobic bacterial count • ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 11.0%,
does not exceed 105 cfu/g, the total combined molds and determined on 1.0 g of finely powdered Ginkgo
yeasts count does not exceed 103 cfu/g, and the bile-tolerant

ADDITIONAL REQUIREMENTSGram-negative bacteria does not exceed 103 cfu/g.▲USP35
• PACKAGING AND STORAGE:  Preserve in well-closed containers,

protected from light and moisture, and store at room
Add the following: temperature.

• LABELING:  The label states the Latin binomial and, following
the official name, the part of the plant contained in the article.▲• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-

ORGANISMS 〈2022〉:  Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.▲USP35 Change to read:

SPECIFIC TESTS
• BOTANIC CHARACTERISTICS • USP REFERENCE STANDARDS 〈11〉

Macroscopic:  Dried whole, folded, or fragmented leaves, with USP Chlorogenic Acid RS
or without attached petiole, vary from khaki green to greenish USP Ginkgo Terpene Lactones RS
brown in color, are often more brown at the apical edge, and ▲USP Isorhamnetin RS
darker on the adaxial surface. Lamina are broadly obcuneate USP Kaempferol RS▲USP35
(fan-shaped), 2–12 cm in width and 2–9.5 cm in length from USP Quercetin RS
petiole to apical margin; mostly 1.5–2 times wider than long. USP Rutin RS
The base margins are entire, concave; apical margin sinuate,
usually truncate or centrally cleft, and rarely multiply cleft. The
surface is glabrous, with wrinkled appearance due to promi-
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BRIEFING ▲Test for flavanoids
Adsorbent:  Chromatographic silica gel mixture with an aver-
age particle size of 5 µm (HPTLC plates)

Standard solution:  A solution of 0.6 mg/mL of USP RutinPowdered Ginkgo Extract,  USP 32 page 1019 and page
RS, and 0.2 mg/mL each of USP Chlorogenic Acid RS and4191 of the Second Supplement to USP 32. On the basis of com-
USP Quercetin RS in methanolments and data received, it is proposed to replace the Identifica-

Sample solution:  5 mg/mL of Powdered Extract in a mixturetion, Test for flavonoids with a more specific HPTLC test, change
of methanol and water (4:1)the ratio of kaempferol to quercetin peaks in Identification test B,

Developing solvent system:  Ethyl acetate, water, anhydrouschange the wavelength of analysis in the test for Content of Fla-
formic acid, and glacial acetic acid (100:26:11:11)vonol Glycosides from 270 to 370 nm, and use the USP Refer-

Spray reagent 1:  5 mg/mL of 2-aminoethyl diphenylborinateence Standards for kaempferol and isorhamnetin instead of the
in methanolreagent grade substances.

Spray reagent 2:  50 mg/mL of polyethylene glycol 400 in
alcohol

Application volume:  5 µL
(DS: M. Sharaf.) RTS—C91796 Analysis

Samples:  Standard solution and Sample solution
Before development of the chromatograms, saturate the
chamber for 20 min with Developing solvent system. Record

. temperature and humidity in the laboratory. If the relativePowdered Ginkgo Extract humidity exceeds 50%, condition the plate to about 35%
relative humidity using a suitable device. Apply the sam-

DEFINITION ples separately as bands to a suitable thin-layer chromato-
Powdered Ginkgo Extract is prepared from dried and commi- graphic plate (see Chromatography 〈621〉), and allow the

nuted leaves of Ginkgo extracted with an acetone–water mix- bands to dry. Develop the chromatograms until the solvent
ture or other suitable solvents. The ratio of the crude plant front has moved up about 90% of the plate, remove the
material to Powdered Extract is between 35:1 and 67:1. It con- plate from the chromatographic chamber, and dry in a
tains NLT 22.0% and NMT 27.0% of flavonoids, calculated as circulating air oven at 105° for 5 min. Immediately spray
flavonol glycosides, with a mean molecular mass of 756.7, on the hot plate with Spray reagent 1, then with Spray reagent
the dried basis. It contains NLT 5.4% and NMT 12.0% of 2, dry, and examine under long-wavelength UV light.
terpene lactones, consisting of between 2.6% and 5.8% of Acceptance criteria:  The Standard solution shows in its lower
bilobalide (C15H18O8) and between 2.8% and 6.2% of the sum part with increasing RF values a yellowish-brown fluorescent
of ginkgolide A (C20H24O9), ginkgolide B (C20H24O10), and zone due to rutin (RF 0.28), a light blue fluorescent zone due
ginkgolide C (C20H24O11), on the dried basis. to chlorogenic acid (RF 0.36), and a yellow fluorescent zone

due to quercetin (RF 0.92). The Sample solution shows a yel-
IDENTIFICATION lowish-brown fluorescent zone, a light blue fluorescent zone,

and a yellowish-brown fluorescent zone at RF similar to those
of rutin, chlorogenic acid, and quercetin, respectively, in theChange to read:
Standard solution. Additional yellowish to yellowish-green
zones due to flavonoids detected in the Sample solution chro-

• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉 matogram include one zone below the rutin zone, two zones
Adsorbent:  0.5-mm layer of chromatographic silica gel between the rutin and chlorogenic acid zones, and two
mixture zones above the chlorogenic acid zone. Other zones may be

Standard solution:  0.3 mg/mL of USP Rutin RS and 0.1 mg/ seen in the Sample solution chromatogram.▲USP35

mL of USP Chlorogenic Acid RS in methanol
Sample solution:  5 mg/mL of Powdered Extract in a mixture Change to read:of methanol and water (4:1)
Developing solvent system:  Ethyl acetate, anhydrous formic
acid, glacial acetic acid, and water (100:11:11:26) • B.  In the test for Content of Flavonol Glycosides, the retention

Spray reagent 1:  10 mg/mL of 2-aminoethyl times of the peaks for quercetin, isorhamnetin, and kaempferol
diphenylborinate in methanol in the chromatogram of the Sample solution correspond to

Spray reagent 2:  50 mg/mL of polyethylene glycol 4000 in those in the chromatogram of the Standard solution. The peak
methanol for kaempferol is 0.8–1.2 times the size of the quercetin peak,

Application volume and the peak for isorhamnetin is NLT 0.1 times the size of the
Standard solution:  10 µL quercetin peak.▲In the test for Content of Flavonol Glycosides,
Sample solution:  20 µL the retention times of the peaks for quercetin, isorhamnetin,

Analysis and kaempferol of the Sample solution correspond to those of
Samples:  Standard solution and Sample solution the Standard solution. In the chromatogram of the Sample solu-
Proceed as directed in the chapter, except dry the plate be- tion, the ratio of the kaempferol peak to the quercetin peak is
tween 100° and 105°, spray with Spray reagent 1 while the NLT 0.7, and the peak for isorhamnetin is NLT 0.1 times the
plate is still warm, and then spray with Spray reagent 2. size of the quercetin peak.▲USP35
After 30 min, examine the plate under UV light at 365 nm.

Acceptance criteria:  The chromatogram of the Standard solu- COMPOSITION
tion exhibits a yellow-brown fluorescent zone due to rutin in
the lower section and a light blue fluorescent zone due to

Change to read:chlorogenic acid in the middle section. The Sample solution
exhibits three yellow-brown to greenish fluorescent zones at RF

values below that for the rutin zone of the Standard solution; a • CONTENT OF FLAVONOL GLYCOSIDESgreen-blue fluorescent zone at an RF value just above that for Extraction solvent:  Alcohol, water, and hydrochloric acidthe rutin zone of the Standard solution; an intense, light blue (50:20:8)fluorescent zone at an RF value equal to that of the Mobile phase:  Methanol, water, and phosphoric acidchlorogenic acid zone in the chromatogram of the Standard (100:100:1)solution; and two yellow-brown to greenish fluorescent zones Standard solution A:  0.125 mg/mL of USP Quercetin RS inin the upper third of the plate. Other, less intense zones may methanolbe observed in the chromatogram of the Sample solution.
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Standard solution B:  0.125 mg/mL of kaempferol in Mode:  LC
methanol Detector:  UV 370 nm

Standard solution C:  0.03 mg/mL of isorhamnetin in Column:  4.6-mm × 25-cm; packing L1
methanol Flow rate:  1.5 mL/min

Sample solution:  Transfer about 0.300 g of Powdered Extract, Injection size:  20 µL
accurately weighed, to a 250-mL flask fitted with a reflux con- System suitability
denser. Add 78 mL of Extraction solvent and reflux in a hot Samples:  Standard solution A, Standard solution B, and Stan-
water bath for 135 min. [NOTE—The solution will turn deep dard solution C
red. The color of the solution is not a definitive indication of [NOTE—The relative retention times for quercetin, kaempferol,
reaction completeness.] Allow to cool at room temperature. and isorhamnetin are about 1.0, 1.8, and 2.0, respectively;
Transfer to a 100-mL volumetric flask, dilute with water to Standard solution A, Standard solution B, and Standard solu-
volume, and mix. tion C.]

Chromatographic system Suitability requirements
(See Chromatography 〈621〉, System Suitability.) Relative standard deviation:  NMT 2.0% determined from
Mode:  LC the quercetin peak in repeated injections, Standard solution
Detector:  UV 270 nm A
Column:  4.6-mm × 25-cm; packing L1 Analysis
Flow rate:  1.5 mL/min Samples:  Standard solution A, Standard solution B, Standard
Injection size:  20 µL solution C, and Sample solution

System suitability Calculate the percentage of each flavonol glycoside in the por-
Samples:  Standard solution A, Standard solution B, and Stan- tion of Powdered Extract taken:
dard solution C

Result = (rU/rS) × (CS/W) × F × 10Suitability requirements
[NOTE—The relative retention times for quercetin, kaempferol,

rU = peak area of the relevant analyte from the Sampleand isohamnetin are about 1.0, 1.8, and 2.0, respectively.]
solutionRelative standard deviation:  NMT 2.0% from the querce-

rS = peak area of the relevant analyte from Standardtin peak in repeated injections
solution A, Standard solution B, or Standard solu-Analysis
tion CSamples:  Standard solution A and Sample solution

CS = concentration of the relevant analyte in StandardCalculate the percentage of each flavonol glycoside in the por-
solution A, Standard solution B, or Standard solu-tion of Powdered Extract taken:
tion C (mg/mL)

W = weight of Powdered Extract taken to prepare theResult = (rU/rS) × (CS/W) × F × 10
Sample solution (g)

rU = peak area for the relevant analyte from the Sam- F = mean molecular mass factor to convert each
ple solution analyte into flavonol glycoside with a mean

rS = peak area for the peak of USP Quercetin RS from molecular mass of 756.7; 2.504 for quercetin,
Standard solution A 2.437 for isorhamnetin, and 2.588 for

CS = concentration of USP Quercetin RS in Standard kaempferol
solution A (mg/mL) Calculate the total percentage of flavonol glycosides by add-

W = weight of Powdered Extract taken to prepare the ing the individual percentages calculated.
Sample solution (g) Acceptance criteria:  22.0%–27.0% of flavonoids, calculated

F = 2.51, the mean molecular mass factor to convert as flavonol glycosides with a mean molecular mass of 756.7,
each analyte into flavonol glycoside with a on the dried basis▲USP35

mean molecular mass of 756.7 • CONTENT OF TERPENE LACTONES
Calculate the total percentage of flavonol glycosides by add- Solvent:  Methanol and water (9:1)
ing the individual percentages calculated. Buffer solution:  Dissolve 1.19 g of dibasic sodium phosphate

Acceptance criteria:  22.0%–27.0% of flavonoids, calculated and 8.25 g of monobasic potassium phosphate in 1000 mL of
as flavonol glycosides with a mean molecular mass of 756.7, water, and adjust to a pH of 5.8.
on the dried basis Diluent:  Methanol and water (1:1)

▲Extraction solvent:  Alcohol, hydrochloric acid, and water Solution A:  Water
(25:4:10) Solution B:  Methanol

Mobile phase:  Methanol, water, and phosphoric acid Mobile phase:  See Table 1.
(100:100:1)

Standard solution A:  0.125 mg/mL of USP Quercetin RS in Table 1
methanol

Time Solution A Solution BStandard solution B:  0.125 mg/mL of USP Kaempferol RS in
 (min) (%) (%) methanol

0 75 25Standard solution C:  0.03 mg/mL of USP Isorhamnetin RS in
methanol 23 52 48

Sample solution:  Transfer about 0.3 g of Powdered Extract, 28 52 48
accurately weighed, to a 250-mL flask fitted with a reflux con- 30 25 75denser. Add 78 mL of Extraction solvent and reflux in a hot

35 10 90water bath for 135 min. [NOTE—The solution will turn deep
40 75 25red. The color of the solution is not a definitive indication of
50 75 25reaction completeness.] Allow to cool at room temperature.

Transfer to a 100-mL volumetric flask, dilute with water to
Standard solutions:  Dissolve accurately weighed quantities ofvolume, and mix.
USP Ginkgo Terpene Lactones RS in Diluent, sonicate for a fewChromatographic system
min, and dilute with Diluent to obtain solutions with known(See Chromatography 〈621〉, System Suitability.)
concentrations of 0.25, 0.5, 1.0, 2.0, and 4.0 mg/mL. Pass
through a filter of 0.45-µm or finer pore size.

Sample solution:  Transfer about 120 mg of Powdered Extract,
accurately weighed, to a 25-mL beaker. Add 10 mL of Buffer
solution to the residue, and sonicate for 5 min. Quantitatively
transfer the solution to a glass chromatographic tube filled
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with chromatographic siliceous earth capable of holding 20 Add the following:
mL of aqueous phase.1  Rinse the beaker with two 5-mL por-
tions of Buffer solution, and transfer the washings to the col-
umn. [NOTE—Do not exceed 20 mL of total aqueous phase or ▲• HEAVY METALS, Method II 〈231〉:  NMT 20 ppm▲USP35

the holding capacity of the chromatographic tube.] Allow the
Buffer solution to be absorbed into the column. After 15 min, Change to read:elute the column with 100 mL of ethyl acetate, collect the
ethyl acetate solution, and evaporate to dryness under vac-
uum in a water bath maintained at 50°. Dissolve the residue • MICROBIAL ENUMERATION TESTS 〈2021〉:  Meets the requirements
in 20.0 mL of Diluent. of the tests for absence of Salmonella species and Escherichia

Chromatographic system coli. The total aerobic bacterial count does not exceed 104 cfu/
(See Chromatography 〈621〉, System Suitability.) g, and the total combined molds and yeasts count does not
Mode:  LC exceed 103 cfu/g.▲The total aerobic bacterial count does not
Detector:  Evaporative light-scattering. [NOTE—The parame- exceed 104 cfu/g, and the total combined molds and yeasts
ters of the detector are adjusted to achieve the best signal- count does not exceed 103 cfu/g.▲USP35
to-noise ratio, according to manufacturer recommendations.]

Column:  4.6-mm × 25-cm; packing L1
Add the following:Column temperature:  25 ± 1°

Flow rate:  1 mL/min
Injection size:  15 µL

▲• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-System suitability
ORGANISMS 〈2022〉:  Meets the requirements of the tests forSamples:  Standard solutions
absence of Salmonella species and Escherichia coli.▲USP35Suitability requirements

Chromatogram similarity:  The chromatograms obtained SPECIFIC TESTSfrom the Standard solutions are similar to the Reference • LIMIT OF GINKGOLIC ACIDSChromatogram provided with USP Ginkgo Terpene Lac- Solution A:  0.01% phosphoric acid in watertones RS. Solution B:  0.01% phosphoric acid in acetonitrileRelative standard deviation:  NMT 2.0% determined from Mobile phase:  See Table 2.the bilobalide peak, in repeated injections
Correlation coefficient:   NLT 0.995 for the regression line

Table 2as determined in the Analysis
Analysis Time Solution A Solution B
Samples:  Standard solutions and Sample solution (min) (%)  (%) 
Record the chromatograms, and identify the peaks of the 0 25 75
relevant analytes in the chromatogram of the Standard solu-

6 10 90tion by comparison with the Reference Chromatogram.
7 10 90Measure the areas of the analyte peaks. Plot the logarithms
8 25 75of the relevant peak responses versus the logarithms of con-

centrations, in mg/mL, of each analyte of the Standard solu- 10 25 75
tions, and determine the regression line using a least-

Standard solution:  Dissolve USP Ginkgolic Acids RS in metha-squares analysis.
nol, and dilute, if necessary, with water to obtain a concentra-From the graphs, determine the concentration, C, in mg/mL,
tion of 0.25 µg/mL of ginkgolic acids, calculated as the sumof the relevant analyte in the Sample solution. Separately
of the congeners ginkgolic acid C 13:0, ginkgolic acid C 15:1,calculate the percentages of bilobalide (C15H18O8),
and ginkgolic acid C 17:1.ginkgolide A (C20H24O9), ginkgolide B (C20H24O10), and

Sample solution:  Transfer 0.5 g of Powdered Extract to a 10-ginkgolide C (C20H24O11) in the portion of Powdered Extract
mL volumetric flask, add 8 mL of methanol to dissolve, andtaken:
dilute with water to volume.

Result = (C/W) × 2000 Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

C = concentration of the relevant analyte in the Sam- Mode:  LC
ple solution (mg/mL) Detector:  UV 210 nm

W = weight of the Powdered Extract taken to prepare Column:  4.6-mm × 5-cm; base-deactivated packing L7
the Sample solution (mg) Column temperature:  35°

Calculate the total percentage of terpene lactones in the por- Flow rate:  1 mL/min
tion of the Powdered Extract taken by adding the percent- Injection size:  100 µL
ages calculated for each analyte. System suitability

Acceptance criteria Sample:  Standard solution
Total terpene lactones:  5.4%–12.0% Suitability requirements
Bilobalide:  2.6%–5.8% Chromatogram similarity:  The chromatogram obtained is
Sum of ginkgolide A, ginkgolide B, and ginkgolide C: similar to the Reference Chromatogram provided with USP
2.8%–6.2% Ginkgolic Acids RS.

Tailing factor:  NMT 2.0 for the ginkgolic acid C 15:1 peak
CONTAMINANTS Relative standard deviation:  NMT 5.0% for the ginkgolic
• ARTICLES OF BOTANICAL ORIGIN, Pesticide Residues 〈561〉:  Meets acid C 15:1 peak, in repeated injections

the requirements Analysis
Samples:  Standard solution and Sample solution1 Suitable commercially available material is Extrelut NT 20 from E Merck
[NOTE—Identify the peaks of the relevant analytes by compar-Science.
ison with the Reference Chromatogram. If deterioration of
peak shapes is observed, wash the column using a mixture
of methanol and water (9:1) for 30 min.]

Calculate the concentration, in µg/g, of each ginkgolic acid in
the portion of Powdered Extract taken:

Result = (rU/rS) × (CS/W) × P × 10
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rU = peak area for the relevant analyte of the Sample bilobalide (C15H18O8), ginkgolide A (C20H24O9), ginkgolide B
solution (C20H24O10), and ginkgolide C (C20H24O11).

rS = peak area for the relevant analyte of the Standard
IDENTIFICATIONsolution

CS = concentration of USP Ginkgolic Acids RS in the
Standard solution (mg/mL) Change to read:

W = weight of Powdered Extract taken to prepare the
Sample solution (mg)

P = content of the relevant ginkgolic acid in USP • A.  In the test for Content of Flavonol Glycosides, the retention
Ginkgolic Acids RS (µg/g) times of the peaks for quercetin, isorhamnetin, and kaempferol

Calculate the total amount of ginkgolic acids by adding the of the Sample solution correspond to those of the Standard
individual contents. solution. The peak for kaempferol is 0.8–1.2 times the size of

Acceptance criteria:  NMT 5 µg/g the quercetin peak, and the peak for isorhamnetin is NLT 0.1
• LOSS ON DRYING 〈731〉:  Dry 1.0 g of Powdered Extract at 105° times the size of the quercetin peak.▲In the test for Content of

for 2 h: it loses NMT 5.0% of its weight. Flavonol Glycosides, the retention times of the peaks for querce-
tin, isorhamnetin, and kaempferol of the Sample solution corre-
spond to those of the Standard solution. In the chromatogramChange to read: of the Sample solution, the ratio of the kaempferol peak to the
quercetin peak is NLT 0.7, and the peak for isorhamnetin is
NLT 0.1 times the size of the quercetin peak.▲USP35• OTHER REQUIREMENTS:  Meets the requirements for Residue on

• B.  The retention times of the peaks for bilobalide, ginkgolideEvaporation, Residual Solvents, and Heavy Metals in Botanical
A, ginkgolide B, and ginkgolide C of the Sample solution corre-Extracts 〈565〉▲Meets the requirements for Residual Solvents in
spond to those of the Standard solutions, as obtained in theBotanical Extracts 〈565〉▲USP35
test for Content of Terpene Lactones.

ADDITIONAL REQUIREMENTS
STRENGTH• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-

tainers, protected from moisture, and store at controlled room
temperature. Change to read:

• LABELING:  The label states the Latin binomial and, following
the official name, the part of the plant from which the article
was prepared. The label also indicates the content of flavonol • CONTENT OF FLAVONOL GLYCOSIDES
glycosides and of terpene lactones, the extracting solvent used Mobile phase:  Methanol, water, and phosphoric acid
for preparation, and the ratio of the starting crude plant mate- (100:100:1)
rial to the Powdered Extract. Standard solution A:  0.2 mg/mL of USP Quercetin RS in

methanol
Standard solution B:  0.2 mg/mL of kaempferol in methanolChange to read: Standard solution C:  0.05 mg/mL of isorhamnetin in
methanol

Sample solution:  Weigh and finely powder the contents of• USP REFERENCE STANDARDS 〈11〉
NLT 20 Capsules. Transfer an accurately weighed quantity ofUSP Chlorogenic Acid RS
the powder, equivalent to about 50 mg of flavonol glycosides,USP Ginkgo Terpene Lactones RS
to a 50-mL volumetric flask. Add 20 mL of methanol and soni-USP Ginkgolic Acids RS
cate for 3 min. Add 20 mL of 1.5 N hydrochloric acid and▲USP Isorhamnetin RS
sonicate again for 10 min. Allow to cool to room temperatureUSP Kaempferol RS▲USP35
and dilute with methanol to volume. Centrifuge and transfer aUSP Quercetin RS
portion of the clear supernatant to a rubber-capped, low-ac-USP Rutin RS
tinic glass vial. Heat in a steam bath for 25 min and cool to
room temperature in an ice bath.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)BRIEFING
Mode:  LC
Detector:  UV 270 nm
Column:  4.6-mm × 25-cm; packing L1Ginkgo Capsules,  USP 32 page 1020. On the basis of com-
Flow rate:  1.5 mL/minments and data received, it is proposed to change the ratio of
Injection size:  10 µLkaempferol to quercetin peaks in Identification test A, change the

System suitabilitywavelength of analysis in the test for Content of Flavonol Glyco-
Sample:  Standard solution A, Standard solution B, and Stan-sides from 270 to 370 nm, and use the USP Reference Standards
dard solution Cfor kaempferol and isorhamnetin instead of the reagent grade

Suitability requirementssubstances.
[NOTE—The relative retention times for quercetin, kaempferol,
and isorhamnetin are about 1.0, 1.8, and 2.0, respectively.]
Relative standard deviation:  NMT 2.0% determined from

(DS: M. Sharaf.) RTS—C95027 the quercetin peak in repeated injections
Analysis
Samples:  Standard solution A and Sample solution
Calculate the quantity, in mg, of each flavonol glycoside in

. the portion of Capsules taken:
Ginkgo Capsules

Result = (rU/rS) × CS × F × 50
DEFINITION

rU = peak area for the relevant analyte from the Sam-Ginkgo Capsules are prepared with Powdered Ginkgo Extract and
ple solutioncontain, in the labeled amount of Powdered Extract, NLT

rS = peak area of USP Quercetin RS from Standard22.0% and NMT 27.0% of flavonol glycosides and NLT 5.4%
solution Aand NMT 12.0% of terpene lactones, calculated as the sum of
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CS = concentration of USP Quercetin RS in Standard Acceptance criteria:  22.0%–27.0% of flavonol glycosides▲USP35

solution A (mg/mL) • CONTENT OF TERPENE LACTONES
F = 2.51, the mean molecular mass factor to convert Solvent:  Methanol and water (9:1)

each analyte into flavonol glycoside with a Buffer solution:  Dissolve 1.19 g of dibasic sodium phosphate
mean molecular mass of 756.7 and 8.25 g of monobasic potassium phosphate in 1000 mL of

Calculate the total quantity, in mg, of flavonol glycosides in water, and adjust to a pH of 5.8.
the portion of Capsules taken by adding the individual quan- Diluent:  Methanol and water (1:1)
tities calculated. Calculate the total quantity, in mg, of flavo- Solution A:  Water
nol glycosides per Capsule and the percentage of flavonol Solution B:  Methanol
glycosides in the labeled amount of Powdered Extract. Mobile phase:  See Table 1 below.

Acceptance criteria:  22.0%–27.0% of flavonol glycosides
▲Mobile phase:  Methanol, water, and phosphoric acid Table 1
(100:100:1)

Time Solution A Solution BStandard solution A:  0.2 mg/mL of USP Quercetin RS in
(min) (%) (%) methanol

0 75 25Standard solution B:  0.2 mg/mL of USP Kaempferol RS in
methanol 23 52 48

Standard solution C:  0.05 mg/mL of USP Isorhamnetin RS in 28 52 48
methanol 30 25 75Sample solution:  Weigh and finely powder the contents of

35 10 90NLT 20 Capsules. Transfer an accurately weighed quantity of
40 75 25the powder, equivalent to about 50 mg of flavonol glycosides,
50 75 25to a 50-mL volumetric flask. Add 20 mL of methanol, and

sonicate for 3 min. Add 20 mL of 1.5 N hydrochloric acid, and
Standard solutions:  Dissolve accurately weighed quantities ofsonicate again for 10 min. Allow to cool to room temperature,
USP Ginkgo Terpene Lactones RS in Diluent, sonicate for a fewand dilute with methanol to volume. Centrifuge, and transfer
min, and dilute with Diluent to obtain solutions with knowna portion of the clear supernatant to a rubber-capped, low-
concentrations of 0.25, 0.5, 1.0, 2.0, and 4.0 mg/mL. Passactinic glass vial. Heat in a steam bath for 25 min, and cool to
through a filter of 0.45-µm or finer pore size.room temperature in an ice bath.

Sample solution:  Weigh and finely powder the contents ofChromatographic system
NLT 20 Capsules. Transfer an accurately weighed quantity of(See Chromatography 〈621〉, System Suitability.)
the powder, equivalent to about 120 mg of ginkgo extract, toMode:  LC
a 30-mL glass centrifuge tube with screw cap and PTFE gas-Detector:  UV 370 nm
ket. Add 10.0 mL of Solvent, seal the tube, and mix well on aColumn:  4.6-mm × 25-cm; packing L1
vortex mixer. Heat in a water bath at 90° for 30 min. Mix theFlow rate:  1.5 mL/min
hot suspension on a vortex mixer, and repeat the heating atInjection size:  20 µL
90° for 30 min. Cool, centrifuge, transfer the supernatant to aSystem suitability
flask, and return the residue to the glass tube. Repeat theSamples:  Standard solution A, Standard solution B, and Stan-
extraction two more times, each time using 10.0 mL of Sol-dard solution C
vent. Combine the extracts, allow them to cool to room tem-[NOTE—The relative retention times for quercetin, kaempferol,
perature, and evaporate to dryness under vacuum in a waterand isorhamnetin are about 1.0, 1.8, and 2.0, respectively;
bath maintained at 50°. Add 10 mL of Buffer solution to theStandard solution A, Standard solution B, and Standard solu-
residue, and sonicate for 5 min. Quantitatively transfer thetion C.]
solution to a glass chromatographic tube filled with chromato-Suitability requirements
graphic siliceous earth capable of holding 20 mL of aqueousRelative standard deviation:  NMT 2.0% determined from
phase.1  Rinse the beaker with two 5-mL portions of Bufferthe quercetin peak in repeated injections, Standard solution
solution, and transfer the washings to the column. [NOTE—DoA
not exceed 20 mL of total aqueous phase or the holding ca-Analysis
pacity of the chromatographic tube.] Allow the Buffer solutionSamples:  Standard solution A, Standard solution B, Standard
to be absorbed into the column. After 15 min, elute the col-solution C, and Sample solution
umn with 100 mL of ethyl acetate, collect the ethyl acetateCalculate the quantity, in mg, of each flavonol glycoside in
solution, and evaporate to dryness under vacuum in a waterthe portion of Capsules taken:
bath maintained at 50°. Dissolve the residue in 20.0 mL of
Diluent.Result = (rU/rS) × CS × F × 50

Chromatographic system
rU = peak area of the relevant analyte from the Sample (See Chromatography 〈621〉, System Suitability.)

solution Mode:  LC
rS = peak area of the relevant analyte from Standard Detector:  Evaporative light-scattering. [NOTE—The parame-

solution A, Standard solution B, or Standard solu- ters of the detector are adjusted to achieve the best signal-
tion C to-noise ratio, according to manufacturer recommendations.]

CS = concentration of the relevant analyte in Standard Column:  4.6-mm × 25-cm; packing L1
solution A, Standard solution B, or Standard solu- Column temperature:  25 ± 1°
tion C (mg/mL) Flow rate:  1 mL/min

F = mean molecular mass factor to convert each Injection size:  15 µL
analyte into flavonol glycoside with a mean System suitability
molecular mass of 756.7; 2.504 for quercetin, Samples:  Standard solutions
2.437 for isorhamnetin, and 2.588 for Suitability requirements
kaempferol Chromatogram similarity:  The chromatograms from the

Calculate the total quantity, in mg, of flavonol glycosides in Standard solutions are similar to the Reference Chromato-
the portion of Capsules taken by adding the individual quan- gram provided with USP Ginkgo Terpene Lactones RS.
tities calculated. Calculate the total quantity, in mg, of flavo- Relative standard deviation:  NMT 2.0% determined from
nol glycosides per Capsule and the percentage of flavonol the bilobalide peak, in repeated injections
glycosides in the labeled amount of Powdered Extract.

1 Suitable commercially available material is Extrelut NT 20 from E Merck
Science.
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Correlation coefficient:  NLT 0.995 for the regression line Add the following:
as determined in the Analysis

Analysis
Samples:  Standard solutions and Sample solution ▲• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-
Record the chromatograms, and identify the peaks of the rele- ORGANISMS 〈2022〉:  Meet the requirements of the tests for ab-
vant analytes in the chromatogram of the Standard solutions sence of Salmonella species and Escherichia coli.▲USP35

by comparison with the Reference Chromatogram. Measure
ADDITIONAL REQUIREMENTSthe areas of the analyte peaks. Plot the logarithms of the
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-relevant peak responses versus the logarithms of concentra-

tainers, and store at room temperature.tions, in mg/mL, of each analyte obtained from the Standard
• LABELING:  The label states the Latin binomial and, followingsolutions, and determine the regression line using a least-

the official name, the article used to prepare the Capsules.squares analysis.
Label the Capsules to indicate the amount, in mg, of Pow-From the graphs, determine the concentration, C, in mg/mL,
dered Ginkgo Extract per Capsule.of the relevant analyte in the Sample solution. Separately cal-

culate the quantities, in mg, of bilobalide (C15H18O8),
ginkgolide A (C20H24O9), ginkgolide B (C20H24O10), and Change to read:
ginkgolide C (C20H24O11) in the portion of Capsules taken:

Result = 20 × C • USP REFERENCE STANDARDS 〈11〉
USP Ginkgo Terpene Lactones RS

C = concentration of the relevant analyte in the Sam- ▲USP Isorhamnetin RS
ple solution (mg/mL) USP Kaempferol RS▲USP35

Calculate the total quantity of terpene lactones in the portion USP Quercetin RS
of Capsules taken by adding the quantities calculated for
each analyte. Calculate the total quantity, in mg, of terpene
lactones per Capsule and the percentage of terpene lactones
in the labeled amount of Powdered Extract. BRIEFING

Acceptance criteria:  5.4%–12.0% of terpene lactones, calcu-
lated as the sum of bilobalide, ginkgolide A, ginkgolide B, and
ginkgolide C Ginkgo Tablets,  USP 32 page 1021. On the basis of comments

and data received, it is proposed to change the ratio ofPERFORMANCE TESTS
kaempferol to quercetin peaks in Identification test A, change the• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS
wavelength of analysis in the test for Content of Flavonol Glyco-〈2040〉:  Meet the requirements for Dissolution
sides from 270 to 370 nm, and use the USP Reference StandardsMedium:  0.1 N hydrochloric acid; 500 mL
for kaempferol and isorhamnetin instead of the reagent gradeApparatus 2:  75 rpm
substances.Time:  45 min

Standard solutions:  Proceed as directed in the test for Con-
tent of Terpene Lactones.

Sample solution:  Combine 25-mL portions of the solution (DS: M. Sharaf.) RTS—C95028
under test from each of the six dissolution vessels in a separa-
tion funnel. Extract with four 50-mL portions of ethyl acetate.
Combine the extracts and evaporate in vacuum to dryness.
Dissolve the residue with sonication in 5.0 mL of a mixture of .

water and methanol (1:1). Ginkgo Tablets
Analysis:  Proceed as directed in the test for Content of Terpene
Lactones to determine the concentration, C, in mg/mL, of DEFINITION
ginkgolide B in the Sample solution. Ginkgo Tablets are prepared from Powdered Ginkgo Extract and
Calculate the percentage of ginkgolide B dissolved: contain, in the labeled amount of Powdered Extract, NLT

22.0% and NMT 27.0% of flavonol glycosides and NLT 5.4%Result = 5000 × (C/3) × G and NMT 12.0% of terpene lactones, consisting of bilobalide
(C15H18O8), ginkgolide A (C20H24O9), ginkgolide B (C20H24O10),C = concentration of ginkgolide B in the Sample solu- and ginkgolide C (C20H24O11).tion (mg/mL)

G = content of ginkgolide B as determined in the test IDENTIFICATION
for Content of Terpene Lactones (mg/Capsule)

Tolerances:  NLT 75% of the content of ginkgolide B is
Change to read:dissolved.

• WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet the
requirements

• A.  In the test for Content of Flavonol Glycosides, the retention
times of the peaks for quercetin, isorhamnetin, and kaempferolCONTAMINANTS
of the Sample solution correspond to those of the Standard
solution. The peak for kaempferol is 0.8–1.2 times the size of

Add the following: the quercetin peak, and the peak for isorhamnetin is NLT 0.1
times the size of the quercetin peak.

 ▲In the test for Content of Flavonol Glycosides, the retention▲• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic mi- times of the peaks for quercetin, isorhamnetin, and kaempferolcrobial count does not exceed 104 cfu/g, and the total com- of the Sample solution correspond to those of the Standardbined molds and yeasts count does not exceed 103 cfu/g.▲USP35 solution. In the chromatogram of the Sample solution, the ratio
of the kaempferol peak to the quercetin peak is NLT 0.7, and
the peak for isorhamnetin is NLT 0.1 times the size of the
quercetin peak.▲USP35

• B.  The retention times of the peaks for bilobalide, ginkgolide
A, ginkgolide B, and ginkgolide C of the Sample solution corre-
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spond to those of the Standard solutions, as obtained in the Add 20 mL of 1.5 N hydrochloric acid and sonicate again for
test for Content of Terpene Lactones. 10 min. Allow to cool to room temperature, and dilute with

methanol to volume. Centrifuge and transfer a portion of the
STRENGTH clear supernatant to a rubber-capped, low-actinic glass vial.

Heat in a steam bath for 25 min, and cool to room tempera-
ture in an ice bath.Change to read:

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  LC• CONTENT OF FLAVONOL GLYCOSIDES
Detector:  UV 370 nmMobile phase:  Methanol, water, and phosphoric acid
Column:  4.6-mm × 25-cm; packing L1(100:100:1)
Flow rate:  1.5 mL/minStandard solution A:  0.2 mg/mL of USP Quercetin RS in
Injection size:  20 µLmethanol

System suitabilityStandard solution B:  0.2 mg/mL of kaempferol in methanol
Samples:  Standard solution A, Standard solution B, and Stan-Standard solution C:  0.05 mg/mL of isorhamnetin in
dard solution Cmethanol
[NOTE—The relative retention times for quercetin, kaempferol,Sample solution:  Weigh and finely powder NLT 20 Tablets.
and isorhamnetin are about 1.0, 1.8, and 2.0, respectively;Transfer an accurately weighed quantity of the powder, equiv-
Standard solution A, Standard solution B, and Standard solu-alent to about 50 mg of flavonol glycosides, to a 50-mL volu-
tion C.]metric flask. Add 20 mL of methanol and sonicate for 3 min.

Suitability requirementsAdd 20 mL of 1.5 N hydrochloric acid and sonicate again for
Relative standard deviation:  NMT 2.0% determined from10 min. Allow to cool to room temperature, and dilute with
the quercetin peak in repeated injections, Standard solutionmethanol to volume. Centrifuge and transfer a portion of the
Aclear supernatant to a rubber-capped, low-actinic glass vial.

AnalysisHeat in a steam bath for 25 min, and cool to room tempera-
Samples:  Standard solution A, Standard solution B, Standardture in an ice bath.
solution C, and Sample solutionChromatographic system

Calculate the quantity, in mg, of each flavonol glycoside in(See Chromatography 〈621〉, System Suitability.)
the portion of Tablets taken:Mode:  LC

Detector:  UV 270 nm
Result = (rU/rS) × CS × F × 50Column:  4.6-mm × 25-cm; packing L1

Flow rate:  1.5 mL/min
rU = peak area of the relevant analyte from the SampleInjection size:  10 µL

solutionSystem suitability
rS = peak area of the relevant analyte from StandardSamples:  Standard solution A, Standard solution B, and Stan-

solution A, Standard solution B, or Standard solu-dard solution C
tion CSuitability requirements

CS = concentration of the relevant analyte in Standard[NOTE—The relative retention times for quercetin, kaempferol,
solution A, Standard solution B, or Standard solu-and isorhamnetin are about 1.0, 1.8, and 2.0, respectively.]
tion C (mg/mL)Relative standard deviation:  NMT 2.0% determined from

F = mean molecular mass factor to convert eachthe quercetin peak in repeated injections
analyte into flavonol glycoside with a meanAnalysis
molecular mass of 756.7; 2.504 for quercetin,Samples:  Standard solution A and Sample solution
2.437 for isorhamnetin, and 2.588 forCalculate the quantity, in mg, of each flavonol glycoside in
kaempferolthe portion of Tablets taken:

Calculate the total quantity, in mg, of flavonol glycosides in
the portion of Tablets taken by adding the individual quanti-Result = (rU/rS) × CS × F × 50
ties calculated. Calculate the total quantity, in mg, of flavo-
nol glycosides per Tablet and the percentage of flavonol gly-rU = peak area for the relevant analyte from the Sam-
cosides in the labeled amount of Powdered Extract.ple solution

Acceptance criteria:  22.0%–27.0% of flavonol glycosides▲USP35rS = peak area of USP Quercetin RS from Standard
• CONTENT OF TERPENE LACTONESsolution A

Solvent:  Methanol and water (9:1)CS = concentration of USP Quercetin RS in Standard
Buffer solution:  Dissolve 1.19 g of dibasic sodium phosphatesolution A (mg/mL)
and 8.25 g of monobasic potassium phosphate in 1000 mL ofF = mean molecular mass factor to convert each
water, and adjust to a pH of 5.8.analyte into flavonol glycoside with a mean

Diluent:  Methanol and water (1:1)molecular mass of 756.7 (2.51)
Solution A:  WaterCalculate the total quantity, in mg, of flavonol glycosides in
Solution B:  Methanolthe portion of Tablets taken by adding the individual quanti-
Mobile phase:  See Table 1.ties calculated. Calculate the total quantity, in mg, of flavo-

nol glycosides per Tablet and the percentage of flavonol gly-
cosides in the labeled amount of Powdered Extract. Table 1

Acceptance criteria:  22.0%–27.0% of flavonol glycosides
Time Solution A Solution B▲Mobile phase:  Methanol, water, and phosphoric acid
(min)  (%) (%) (100:100:1)

0 75 25Standard solution A:  0.2 mg/mL of USP Quercetin RS in
methanol 23 52 48

Standard solution B:  0.2 mg/mL of USP Kaempferol RS in 28 52 48
methanol 30 25 75

Standard solution C:  0.05 mg/mL of USP Isorhamnetin RS in
35 10 90methanol
40 75 25Sample solution:  Weigh and finely powder NLT 20 Tablets.
50 75 25Transfer an accurately weighed quantity of the powder, equiv-

alent to about 50 mg of flavonol glycosides, to a 50-mL volu-
Standard solutions:  Dissolve accurately weighed quantities ofmetric flask. Add 20 mL of methanol and sonicate for 3 min.
USP Ginkgo Terpene Lactones RS in Diluent, sonicate for a few
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min, and dilute with Diluent to obtain solutions with known tones per Tablet and the percentage of terpene lactones in
concentrations of 0.25, 0.5, 1.0, 2.0, and 4.0 mg/mL. Pass the labeled amount of Powdered Extract.
through a filter of 0.45-µm or finer pore size. Acceptance criteria:  5.4%–12.0% of terpene lactones, con-

Sample solution:  Weigh and finely powder NLT 20 Tablets. sisting of bilobalide, ginkgolide A, ginkgolide B, and
Transfer an accurately weighed quantity of the powder equiva- ginkgolide C
lent to about 120 mg of ginkgo extract to a 30-mL glass

PERFORMANCE TESTScentrifuge tube with a cap and PTFE gasket. Add 10.0 mL of
• DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTSSolvent, seal the tube, and mix well on a vortex mixer. Heat in

〈2040〉:  Meet the requirements for Dissolutiona water bath at 90° for 30 min. Mix the hot suspension on a
Medium:  0.1 N hydrochloric acid; 500 mLvortex mixer and repeat the heating at 90° for 30 min. Cool,
Apparatus 2:  75 rpmcentrifuge, transfer the supernatant to a flask, and return the
Time:  45 minresidue to the glass tube. Repeat the extraction two more
Standard solutions:  Proceed as directed in the test for Con-times, each time using 10.0 mL of Solvent. Combine the ex-
tent of Terpene Lactones.tracts, allow them to cool to room temperature, and evapo-

Sample solution:  Combine 25-mL portions of the solutionrate to dryness under vacuum in a water bath maintained at
under test from each of the six dissolution vessels in a separa-50°. Add 10 mL of Buffer solution to the residue and sonicate
tion funnel. Extract with four 50-mL portions of ethyl acetate.for 5 min. Quantitatively transfer the solution to a glass chro-
Combine the extracts and evaporate in vacuum to dryness.matographic tube filled with chromatographic siliceous earth
Dissolve the residue with sonication in 5.0 mL of a mixture ofcapable of holding 20 mL of aqueous phase.1  Rinse the
water and methanol (1:1).beaker with two 5-mL portions of Buffer solution, and transfer

Analysis:  Proceed as directed in the test for Content of Terpenethe washings to the column. [NOTE—Do not exceed 20 mL of
Lactones to determine the concentration, C, in mg/mL oftotal aqueous phase or the holding capacity of the chromato-
ginkgolide B in the Sample solution.graphic tube.] Allow the Buffer solution to be absorbed into
Calculate the percentage of ginkgolide B dissolved:the column. After 15 min, elute the column with 100 mL of

ethyl acetate, collect the ethyl acetate solution, and evaporate
Result = 5000 × (C/3) × Gto dryness under vacuum in a water bath maintained at 50°.

Dissolve the residue in 20.0 mL of Diluent. C = concentration of ginkgolide B in the Sample solu-Chromatographic system tion (mg/mL)(See Chromatography 〈621〉, System Suitability.) G = content of ginkgolide B as determined in the testMode:  LC for Content of Terpene Lactones (mg/Tablet)Detector:  Evaporative light-scattering. [NOTE—The parame- Tolerances:  NLT 75% of the content of ginkgolide B isters of the detector are adjusted to achieve the best signal- dissolved.to-noise ratio, according to manufacturer recommendations.] • WEIGHT VARIATION OF DIETARY SUPPLEMENTS 〈2091〉:  Meet theColumn:  4.6-mm × 25-cm; packing L1 requirementsColumn temperature:  25 ± 1°
Flow rate:  1 mL/min CONTAMINANTS
Injection size:  15 µL

System suitability
Add the following:Samples:  Standard solutions

Suitability requirements
Chromatogram similarity:  The chromatograms from the

▲• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic mi-Standard solutions are similar to the Reference Chromato-
crobial count does not exceed 104 cfu/g, and the total com-gram provided with USP Ginkgo Terpene Lactones RS.
bined molds and yeasts count does not exceed 103 cfu/g.▲USP35Relative standard deviation:  NMT 2.0% determined from

the bilobalide peak, in repeated injections
Correlation coefficient:   NLT 0.995 for the regression line Add the following:
as determined in the Analysis

Analysis
Samples:  Standard solutions and Sample solution ▲• MICROBIOLOGICAL PROCEDURES FOR ABSENCE OF SPECIFIED MICRO-
Record the chromatograms, and identify the peaks of the rele- ORGANISMS 〈2022〉:  Meet the requirements of the tests for ab-
vant analytes in the chromatogram of the Standard solutions sence of Salmonella species and Escherichia coli.▲USP35

by comparison with the Reference Chromatogram. Measure
ADDITIONAL REQUIREMENTSthe areas of the analyte peaks. Plot the logarithms of the
• PACKAGING AND STORAGE:  Preserve in tight, light-resistant con-relevant peak responses versus the logarithms of concentra-

tainers, and store at room temperature.tions, in mg/mL, of each analyte of the Standard solutions,
• LABELING:  The label states the Latin binomial and, followingand determine the regression line using a least-squares

the official name, the article used to prepare the Tablets. Labelanalysis.
the Tablets to indicate the content, in mg, of PowderedFrom the graphs, determine the concentration, C, in mg/mL,
Ginkgo Extract per Tablet.of the relevant analyte in the Sample solution. Separately cal-

culate the quantities, in mg, of bilobalide (C15H18O8),
ginkgolide A (C20H24O9), ginkgolide B (C20H24O10), and Change to read:
ginkgolide C (C20H24O11) in the portion of Tablets taken:

Result = 20 × C • USP REFERENCE STANDARDS 〈11〉
USP Ginkgo Terpene Lactones RS

C = concentration of the relevant analyte in the Sam- ▲USP Isorhamnetin RS
ple solution (mg/mL) USP Kaempferol RS▲USP35

Calculate the total quantity of terpene lactones in the portion USP Quercetin RS
of Tablets taken by adding the quantities calculated for each
analyte. Calculate the total quantity, in mg, of terpene lac-

1 Suitable commercially available material is Extrelut NT 20 from E Merck
Science.
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BRIEFING responding to that of vasicine in the chromatogram of Stan-
dard solution A. Identify other peaks in the Sample solution by
comparison with the chromatogram of Standard solution B and
the Reference Chromatogram provided with the lot of USPMalabar-Nut-Tree, Leaf; Powdered Malabar-Nut-Tree,
Powdered Malabar-Nut-Tree, Leaf Extract RS being used. TheLeaf; Powdered Malabar-Nut-Tree, Leaf Extract.  Because
Sample solution shows an additional peak corresponding tothere are no existing USP monographs for these dietary supple-
vasicinone.ments, new monographs are proposed. The liquid chromato-

graphic procedure in Identification test B and the test for Content COMPOSITIONof Vasicine is based on analyses performed with the Lichrospher • CONTENT OF VASICINE100 or LichroCART 250-4 brand of L10 columns with 5-µm Buffer solution:  Dissolve 1.36 g of anhydrous potassiumpacking. The typical retention times observed for vasicine and dihydrogen phosphate in 900 mL of water. Add 2.0 mL ofvasicinone are about 5.8 and 7.1 min, respectively. phosphoric acid. Dilute with water to 1000 mL, and filter.
Standard solution A:  0.1 mg/mL of USP Vasicine RS in meth-
anol. Sonicate to dissolve if necessary.

(DS: M. Sharaf.) RTS—C66626 Standard solution B:  5.0 mg/mL of USP Powdered Malabar-
Nut-Tree, Leaf Extract RS in methanol. Sonicate for about 15
min. Before injection, pass through a membrane filter of 0.45-
µm or finer pore size.

Sample solution:  Dilute the Sample solution, prepared as di-
rected in Identification test A (1:5), with methanol. Before in-Add the following:
jection, pass through a membrane filter of 0.45-µm or finer
pore size, and discard the first part of the filtrate.

Mobile phase:  Buffer solution, acetonitrile, and tetrahydrofuran
.

(92:5:3)▲Malabar-Nut-Tree, Leaf
Chromatographic system
 (See Chromatography 〈621〉, System Suitability.)DEFINITION Mode:  LCMalabar-Nut-Tree, Leaf, also known in commerce as vasaka, con- Detector:  UV 280 nmsists of the dried leaves of Justicia adhatoda L., also known as Column:  4.6-mm × 25-cm; 5-µm packing L10Adhatoda vasica Nees. (Fam. Acanthaceae). It contains NLT Flow rate:  1.0 mL/min0.6% of vasicine, calculated on the dried basis. Injection size:  20 µL

System suitabilityIDENTIFICATION
Samples:  Standard solution A and Standard solution B• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
[NOTE—The approximate relative retention times of theAdsorbent:  Chromatographic silica gel with an average parti-
vasicine and vasicinone peaks are 1.00 and 1.23,cle size of 10–15 µm (TLC plates)
respectively.]Standard solution A:  0.5 mg/mL of USP Vasicine RS in meth-

Suitability requirementsanol. Sonicate to dissolve if necessary.
Chromatogram similarity:  The chromatogram from Stan-Standard solution B:  50 mg/mL of USP Powdered Malabar-
dard solution B is similar to the Reference ChromatogramNut-Tree, Leaf Extract RS in methanol. Sonicate for about 15
provided with the lot of USP Powdered Malabar-Nut-Tree,min, centrifuge, and use the supernatant.
Leaf Extract RS being used.Sample solution:  Transfer about 2.0 g of Malabar-Nut-Tree,

Relative standard deviation:  NMT 2.0% determined fromLeaf, finely powdered and accurately weighed, to a 250-mL
the vasicine peak in repeated injections, Standard solution Around-bottom flask fitted with a reflux condenser. Add 50 mL

Resolution:  NLT 2.0 between the vasicine and vasicinoneof methanol, reflux on a water bath for 15 min, cool to room
peaks, Standard solution Btemperature, and decant the supernatant. Repeat until the last

Analysisextract is colorless. Combine the extracts, filter, concentrate
Samples:  Standard solution A, Standard solution B, and Sampleunder vacuum, and adjust the volume to 25 mL using
solutionmethanol.
Using the chromatogram of Standard solution A, Standard so-[NOTE—Save the filtrate for use in the test for Content of
lution B, and the Reference Chromatogram provided withVasicine.]
the lot of USP Powdered Malabar-Nut-Tree, Leaf Extract RSDeveloping solvent system:  A mixture of ethyl acetate, meth-
being used, identify the retention times of the peaks corre-anol, and ammonia (8:2:0.2)
sponding to vasicine and vasicinone.Spray reagent:  Dragendorff’s TS

Calculate the percentage of vasicine in the portion of Mala-Application volume:  10 µL, as 4-mm bands
bar-Nut-Tree, Leaf taken:Analysis

Samples:  Standard solution A, Standard solution B, and Sample
Result = (rU/rS) × (CS/CU) × 100solution

Apply the Samples as bands to a suitable thin-layer chromato- rU = peak response for vasicine from the Sample solu-graphic plate (see Chromatography 〈621〉). Use a saturated tionchamber. Develop the chromatograms until the solvent rS = peak response for vasicine from Standard solutionfront has moved up about 90% of the plate. Remove the Aplate from the chamber, dry, spray with Spray reagent, dry CS = concentration of USP Vasicine RS in Standard so-in air, and examine in daylight. lution A (mg/mL)Acceptance criteria:  The chromatogram of the Sample solu- CU = concentration of Malabar-Nut-Tree, Leaf in thetion exhibits an orange zone at an RF value of approximately Sample solution (mg/mL)0.49 for vasicine, corresponding in color and RF to that in the Acceptance criteria:  NLT 0.6% is found, on the dried basis.chromatogram of Standard solution A. The Sample solution also
exhibits an additional orange zone at an RF value of approxi- CONTAMINANTS
mately 0.69 for vasicinone, corresponding in color and RF to a • ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi-
similar spot in the chromatogram of Standard solution B. Other dues Analysis 〈561〉:  Meets the requirements
minor zones may be observed in the Sample solution and Stan- • HEAVY METALS, Method III 〈231〉:  NMT 20 ppm
dard solution B chromatograms. • MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP-

• B.  The chromatogram of the Sample solution from the test for PLEMENTS 〈2021〉:  The total aerobic bacterial count does not
Content of Vasicine shows a main peak at a retention time cor- exceed 105 cfu/g, the total combined molds and yeasts count
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does not exceed 103 cfu/g, and the bile-tolerant Gram-nega- IDENTIFICATION
tive bacteria does not exceed 103 cfu/g. • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

• ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE- Adsorbent:  Chromatographic silica gel with an average parti-
TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the cle size of 10–15 µm (TLC plates)
tests for absence of Salmonella species and Escherichia coli Standard solution A:  0.5 mg/mL of USP Vasicine RS in meth-

anol. Sonicate to dissolve if necessary.
SPECIFIC TESTS Standard solution B:  50 mg/mL of USP Powdered Malabar-
• BOTANIC CHARACTERISTICS Nut-Tree, Leaf Extract RS in methanol. Sonicate for about 15

Macroscopic:  Leaves, simple, green to dull grayish brown, min, centrifuge, and use the supernatant.
minutely pubescent, lanceolate to ovate-lanceolate, tapering Sample solution:  Transfer about 2.0 g of Powdered Malabar-
base and slightly acuminate apex, 10–20 cm long, 3–10 cm Nut-Tree, Leaf, accurately weighed, to a 250-mL round-
broad, petioles 2–8 cm long, and 8–10 pairs of reticulate lat- bottom flask fitted with a reflux condenser. Add 50 mL of
eral veins; characteristic odor, and bitter taste. Pharmacopeial methanol, reflux on a water bath for 15 min, cool to room
article consists of dry, brittle, and greyish brown leaves. temperature, and decant the supernatant. Repeat until the last

Histology extract is colorless. Combine the extracts, filter, concentrate
Transverse section of leaves:  Upper epidermal cells uniform under vacuum, and adjust the volume to 25 mL using
in size and sinuous in outline, while lower epidermal cells methanol.
vary in size and are less wavy; 4–6 layers of collenchymal [NOTE—Save the filtrate for use in the test for Content of
cells below epidermis in the midrib region; shows two layers Vasicine.]
of palisade cells with elongated cystoliths, which are absent Developing solvent system:  A mixture of ethyl acetate, meth-
in epidermal cells (a diagnostic feature that is not seen in the anol, and ammonia (8:2:0.2)
leaves of Ailanthus excelsa, an adulterant for Malabar-Nut- Spray reagent:  Dragendorff’s TS
Tree, Leaf); globules of oil dispersed in palisade and spongy Application volume:  10 µL, as 4-mm bands
layers; numerous stomata diacytic or anomocytic; glandular Analysis
and non-glandular trichomes are visible on both epidermal Samples:  Standard solution A, Standard solution B, and Sample
layers. solution

• LOSS ON DRYING 〈731〉:  Dry 1.0 g of finely powdered Malabar- Apply the Samples as bands to a suitable thin-layer chromato-
Nut-Tree, Leaf at 105° for 3 h: it loses NMT 12.0% of its graphic plate (see Chromatography 〈621〉). Use a saturated
weight. chamber. Develop the chromatograms until the solvent

• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 21%, front has moved up about 90% of the plate. Remove the
determined on 1.0 g of finely powdered Malabar-Nut-Tree, plate from the chamber, dry, spray with Spray reagent, dry
Leaf in air, and examine in daylight.

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT Acceptance criteria:  The chromatogram of the Sample solu-
2% tion exhibits an orange zone at an RF value of approximately

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter 〈561〉: 0.49 for vasicine, corresponding in color and RF to that in the
NMT 2.0% chromatogram of Standard solution A. The Sample solution also

exhibits an additional orange zone at an RF value of approxi-ADDITIONAL REQUIREMENTS mately 0.69 for vasicinone, corresponding in color and RF to a• PACKAGING AND STORAGE:  Preserve in well-closed containers, similar spot in the chromatogram of Standard solution B. Otherprotected from light and moisture, and store at room minor zones may be observed in the Sample solution and Stan-temperature. dard solution B chromatograms.• LABELING:  The label states the Latin binomial and, following • B.  The chromatogram of the Sample solution from the test forthe official name, the part of the plant contained in the article. Content of Vasicine shows a main peak at a retention time cor-• USP REFERENCE STANDARDS 〈11〉 responding to that of vasicine in the chromatogram of Stan-USP Powdered Malabar-Nut-Tree, Leaf Extract RS dard solution A. Identify other peaks in the Sample solution byUSP Vasicine RS▲USP35 comparison with the chromatogram of Standard solution and
the Reference Chromatogram provided with the lot of USP
Powedered Malabar-Nut-Tree, Leaf Extract RS being used. The
Sample solution shows an additional peak corresponding toBRIEFING vasicinone.

COMPOSITION
Powdered Malabar-Nut-Tree, Leaf.   See the Briefing under • CONTENT OF VASICINE
Malabar-Nut-Tree, Leaf. Buffer solution:  Dissolve 1.36 g of anhydrous potassium

dihydrogen orthophosphate in 900 mL of HPLC grade water.
Add 2.0 mL of phosphoric acid. Dilute with water to 1000
mL, and filter.(DS: M. Sharaf.) RTS—C66627

Standard solution A:  0.1 mg/mL of USP Vasicine RS in meth-
anol. Sonicate to dissolve if necessary.

Standard solution B:  5.0 mg/mL of USP Powdered Malabar-
Nut-Tree, Leaf Extract RS in methanol. Sonicate for about 15
min. Before injection, pass through a membrane filter of 0.45-

Add the following: µm or finer pore size.
Sample solution:  Dilute the Sample solution, prepared as di-
rected in Identification test A (1:5), with methanol. Before in-

. jection, pas through a membrane filter of 0.45-µm or finer
▲Powdered Malabar-Nut-Tree, Leaf pore size, and discard the first part of the filtrate.

Mobile phase:  Buffer solution, acetonitrile, and tetrahydrofuran
DEFINITION (92:5:3)
Powdered Malabar-Nut-Tree, Leaf is Malabar-Nut-Tree, Leaf re- Chromatographic system

duced to a powder or very fine powder. It contains NLT 0.6%  (See Chromatography 〈621〉, System Suitability.)
of vasicine, calculated on the dried basis.
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Mode:  LC • USP REFERENCE STANDARDS 〈11〉
Detector:  UV 280 nm USP Powdered Malabar-Nut-Tree, Leaf Extract RS
Column:  4.6-mm × 25-cm; 5-µm packing L10 USP Vasicine RS▲USP35

Flow rate:  1.0 mL/min
Injection size:  20 µL

System suitability
BRIEFINGSamples:  Standard solution A and Standard solution B

[NOTE—The approximate relative retention times of the
vasicine and vasicinone peaks are 1.00 and 1.23,
respectively.] Powdered Malabar-Nut-Tree, Leaf Extract.  See the Briefing

Suitability requirements under Malabar-Nut-Tree, Leaf.
Chromatogram similarity:  The chromatogram from Stan-
dard solution B is similar to the Reference Chromatogram
provided with the lot of USP Powdered Malabar-Nut-Tree, (DS: M. Sharaf.) RTS—C66628Leaf Extract RS being used.

Relative standard deviation:  NMT 2.0% determined from
the vasicine peak in repeated injections, Standard solution A

Resolution:  NLT 2.0 between the vasicine and vasicinone
peaks, Standard solution B

Analysis Add the following:
Samples:  Standard solution A, Standard solution B, and Sample
solution

.Using the chromatogram of Standard solution A, Standard so-
lution B, and the Reference Chromatogram provided with ▲Powdered Malabar-Nut-Tree, Leaf
the lot of USP Powdered Malabar-Nut-Tree, Leaf Extract RS Extract
being used, identify the retention times of the peaks corre-
sponding to vasicine and vasicinone. DEFINITION

Calculate the percentage of vasicine in the portion of Pow- Powdered Malabar-Nut-Tree, Leaf Extract is prepared from Mala-
dered Malabar-Nut-Tree, Leaf taken: bar-Nut-Tree, Leaf using suitable solvents such as water, metha-

nol, or a mixture of these solvents. The ratio of plant materialResult = (rU/rS) × (CS/CU) × 100 to extract is between 8:1 and 5:1. It contains NLT 90.0% and
NMT 110.0% of the labeled amount of vasicine. It may containrU = peak response for vasicine from the Sample solu- suitable added substances as carriers.tion

rS = peak response for vasicine from Standard solution IDENTIFICATION
A • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

CS = concentration of USP Vasicine RS in Standard so- Adsorbent:  Chromatographic silica gel with an average parti-
lution A (mg/mL) cle size of 10–15 µm (TLC plates)

CU = concentration of Powdered Malabar-Nut-Tree, Standard solution A:  0.5 mg/mL of USP Vasicine RS in meth-
Leaf in the Sample solution (mg/mL) anol. Sonicate to dissolve if necessary.

Acceptance criteria:  NLT 0.6% is found, on the dried basis. Standard solution B:  50 mg/mL of USP Powdered Malabar-
Nut-Tree, Leaf Extract RS in methanol. Sonicate for about 15CONTAMINANTS min, centrifuge, and use the supernatant.• ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi- Sample solution:  50 mg/mL of Powdered Malabar-Nut-Tree,dues Analysis 〈561〉:   Meets the requirements Leaf Extract in methanol. Sonicate for about 15 min, centri-• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm fuge, and use the supernatant.• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP- Developing solvent system:  A mixture of ethyl acetate, meth-PLEMENTS 〈2021〉:  The total aerobic bacterial count does not anol, and ammonia (8:2:0.2)exceed 105 cfu/g, the total combined molds and yeasts count Spray reagent:  Dragendorff’s TSdoes not exceed 103 cfu/g, and the bile-tolerant Gram-nega- Application volume:  10 µL, as 4-mm bandstive bacteria does not exceed 103 cfu/g. Analysis• ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE- Samples:  Standard solution A, Standard solution B, and SampleTARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the solutiontests for absence of Salmonella species and Escherichia coli Apply the Samples as bands to a suitable thin-layer chromato-

graphic plate (see Chromatography 〈621〉, Thin-Layer Chro-SPECIFIC TESTS
matography). Use a saturated chamber. Develop the chro-• BOTANIC CHARACTERISTICS:  Greenish brown powder; character-
matograms until the solvent front has moved up about 90%istic odor; and bitter taste. Under a microscope, it shows the
of the plate. Remove the plate from the chamber, dry, andpresence of parenchyma cells with elongated cystoliths; oil
spray with Spray reagent, dry in air, and examine inglobules; epidermal cells with numerous stomata diacytic or
daylight.anomocytic, glandular and non-glandular, 1- to 3-celled, thin-

Acceptance criteria:  The chromatogram of the Sample solu-walled, warty trichomes.
tion exhibits an orange zone at an RF value of approximately• LOSS ON DRYING 〈731〉:  Dry 1.0 g of Powdered Malabar-Nut-
0.49 for vasicine, corresponding in color and RF to that in theTree, Leaf at 105° for 3 h: it loses NMT 12.0% of its weight.
chromatogram of Standard solution A. The Sample solution also• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 21%,
exhibits an additional orange zone at an RF value of approxi-determined on 1.0 g of Powdered Malabar-Nut-Tree, Leaf
mately 0.69 for vasicinone, corresponding in color and RF to a• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT
similar spot in the chromatogram of Standard solution B. Other2.0%
minor zones may be observed in the Sample solution and Stan-

ADDITIONAL REQUIREMENTS dard solution B chromatograms.
• PACKAGING AND STORAGE:  Preserve in well-closed containers, • B.  The chromatogram of the Sample solution from the test for

protected from light and moisture, and store at room Content of Vasicine shows a main peak at a retention time cor-
temperature. responding to that of vasicine in the chromatogram of Stan-

• LABELING:  The label states the Latin binomial and, following dard solution A. Identify other peaks in the Sample solution by
the official name, the part of the plant contained in the article. comparison with the chromatogram of Standard solution B and

the Reference Chromatogram provided with the lot of USP
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Powdered Malabar-Nut-Tree, Leaf Extract RS being used. The • ABSENCE OF SPECIFIED MICROORGANISMS—NUTRITIONAL AND DIE-
Sample solution shows an additional peak corresponding to TARY SUPPLEMENTS 〈2022〉:  Meets the requirements of the
vasicinone. tests for absence of Salmonella species and Escherichia coli

COMPOSITION SPECIFIC TESTS
• CONTENT OF VASICINE • LOSS ON DRYING 〈731〉:  Dry 1.0 g of Powdered Malabar-Nut-

Buffer solution:  Dissolve 1.36 g of anhydrous potassium Tree, Leaf Extract at 105° for 3 h: it loses NMT 5.0% of its
dihydrogen phosphate in 900 mL of HPLC grade water. Add weight.
2.0 mL of phosphoric acid. Dilute with water to 1000 mL, and

ADDITIONAL REQUIREMENTSfilter.
• PACKAGING AND STORAGE:  Preserve in well-closed containers,Standard solution A:  0.1 mg/mL of USP Vasicine RS in meth-

protected from light and moisture, and store at controlledanol. Sonicate to dissolve if necessary.
room temperature.Standard solution B:  5.0 mg/mL of USP Powdered Malabar-

• LABELING:  The label states the Latin binomial and, followingNut-Tree, Leaf Extract RS in methanol. Sonicate for about 15
the official name, the part of the plant from which the articlemin. Before injection, pass through a membrane filter of 0.45-
was derived. It meets other labeling requirements under Botan-µm or finer pore size.
ical Extracts 〈565〉.Sample solution:  5.0 mg/mL of Powdered Malabar-Nut-Tree,

• OTHER REQUIREMENTS:  It meets the requirements of the test forLeaf Extract in methanol. Sonicate for about 15 min. Before
Residual Solvents under Botanical Extracts 〈565〉.injection, pass through a membrane filter of 0.45-µm or finer

• USP REFERENCE STANDARDS 〈11〉pore size, and discard the first part of the filtrate.
USP Powdered Malabar-Nut-Tree, Leaf Extract RSMobile phase:  Buffer solution, acetonitrile, and tetrahydrofuran
USP Vasicine RS▲USP35(92:5:3)

Chromatographic system
 (See Chromatography 〈621〉, System Suitability.)
Mode:  LC

BRIEFINGDetector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L10
Flow rate:  1.0 mL/min

meso-Zeaxanthin.  Because there is no existing USP mono-Injection size:  20 µL
graph for this dietary ingredient, a new monograph is proposed.System suitability
The liquid chromatographic procedures in the tests for ContentSamples:  Standard solution A and Standard solution B
of Zeaxanthin and Lutein and Other Related Compounds are based[NOTE—The approximate relative retention times of the differ-
on analysIs performed with the Agilent Zorbax Rx-SIL brand ofent peaks for vasicine and vasicinone are 1.00 and 1.23,
L3 column. The typical retention times for lutein and zeaxanthinrespectively.]
are 8.0 and 8.5 min, respectively. The liquid chromatographicSuitability requirements
procedure in the test for Stereoisomeric Composition is based onChromatogram similarity:  The chromatogram from Stan-
analysIs performed with the Daicel Chiralpak AD-H brand of L51dard solution B is similar to the Reference Chromatogram
column. The typical retention times for (3S,3′S)-zeaxanthin,provided with the lot of USP Powdered Malabar-Nut-Tree,
(3R,3′S meso)-zeaxanthin, (3R,3′R)-zeaxanthin, and (3R,3′R,6′R)-Leaf Extract RS being used.
lutein are 34.0, 36.0, 38.0, and 40.0 min, respectively.Relative standard deviation:  NMT 2.0% determined from

the vasicine peak in repeated injections, Standard solution A
Resolution:  NLT 2.0 between the vasicine and vasicinone
peaks, Standard solution B (DS: H. Dinh.) RTS—C93247

Analysis
Samples:  Standard solution A, Standard solution B, and Sample
solution
Using the chromatogram of Standard solution A, Standard so-
lution B, and the Reference Chromatogram provided with

Add the following:the lot of USP Powdered Malabar-Nut-Tree, Leaf Extract RS
being used, identify the retention times of the peaks corre-
sponding to vasicine and vasicinone.

.Calculate the percentage of vasicine in the portion of Pow-
▲meso-Zeaxanthindered Malabar-Nut-Tree, Leaf Extract taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response for vasicine from the Sample solu-
tion

rS = peak response for vasicine from Standard solution
A

CS = concentration of USP Vasicine RS in Standard so- C40H56O2 568.88
lution A (mg/mL) β,β-carotene-3,3′-diol (3R,3′S)-;

CU = concentration of Powdered Malabar-Nut-Tree, (3R,3′S meso)-Zeaxanthin [31272-50-1].
Leaf Extract in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0% of the labled amount of DEFINITION
vasicine meso-Zeaxanthin consists chiefly of the 3R,3′S-isomer of zeaxan-

thin. It contains NLT 80.0% of total carotenoids calculated as
CONTAMINANTS zeaxanthin (C40H56O2) and NLT 74.0% of zeaxanthin
• ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi- (C40H56O2), on the anhydrous basis.

dues Analysis 〈561〉:  Meets the requirements
• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm IDENTIFICATION
• MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUP- • A.

PLEMENTS 〈2021〉:  The total aerobic bacterial count does not Sample solution:  Use the Sample solution of the test for Total
exceed 104 cfu/g, and the total combined molds and yeasts Carotenoids.
count does not exceed 103 cfu/g.
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Analysis:  Record the UV-Vis spectrum from 300–600 nm. rT = sum of the areas of all the peaks
Acceptance criteria:  The Sample solution shows a shoulder at T = percentage of Total Carotenoids determined
about 427 nm, an absorption maximum at about 453 nm, above
and another maximum at about 480 nm. Acceptance criteria:  NLT 74.0% of C40H56O2 on the anhy-

• B.  The retention time of the major peak of the Sample solution drous basis
corresponds to that of the Standard solution as obtained in the • LUTEIN AND OTHER RELATED COMPOUNDS
test for Content of Zeaxanthin. [NOTE—Use low-actinic glassware.]

• C.  The retention time of the major peak of the Sample solution Mobile phase, Standard solution, Sample solution, and
corresponds to that of (3R,3′S meso)-zeaxanthin from the Stan- Chromatographic system:  Proceed as directed in the test for
dard solution, as obtained in the test for Stereoisomeric Content of Zeaxanthin.
Composition. Analysis

Sample:  Sample solution
COMPOSITION [NOTE—The peak area of lutein is NMT 9.0% of the total
• CONTENT OF TOTAL CAROTENOIDS peak areas.]

[NOTE—Use low-actinic glassware.] Calculate the percentage of lutein in the portion of meso-
Sample stock solution:  Transfer 25.0 mg of sample to a 100- Zeaxanthin taken:
mL volumetric flask, add 20 mL of chloroform, and place the
flask in an ultrasonic bath at 30° for 2–5 min to obtain a clear Result = (rU/rT) × T
solution. Dilute with cyclohexane to volume to obtain a solu-
tion containing 250 µg/mL. rU = individual peak area of lutein

Sample solution:  2.5 µg/mL of the Sample stock solution in rT = sum of the areas of all the peaks
cyclohexane T = percentage of total carotenoids as determined in

Instrumental conditions the test for Total Carotenoids
(See Spectrophotometry and Light-Scattering 〈851〉.) Calculate the percentage of other related compounds in the
Analytical wavelength:  453 nm portion of meso-Zeaxanthin taken:
Cell path:  1 cm

Result = (rU/rT) × 100Blank:  Cyclohexane
Analysis

rU = individual peak area of any other peak (exclud-Sample:  Sample solution
ing zeaxanthin and lutein)Calculate the percentage of total carotenoids as zeaxanthin

rT = sum of the areas of all the peaks(C40H56O2):
Acceptance criteria
Lutein:  NMT 8.5%Result = A/(C × F)
Other related compounds:  NMT 1.0% of any other individ-

A = absorbance of the Sample solution ual related compound
C = concentration of the Sample solution (g/mL) • STEREOISOMERIC COMPOSITION
F = coefficient of extinction (E1%) of zeaxanthin in cy- Mobile phase:  Hexane, alcohol, and isopropanol (80:5:5)

clohexane (100 mL · g−1 · cm−1), 2540 Standard solution:   0.1 mg/mL of USP meso-Zeaxanthin RS in
Acceptance criteria:  NLT 80.0% of total carotenoids (T) as alcohol and hexane (1:1). Dissolve in 50% of the final volume
zeaxanthin (C40H56O2) on the anhydrous basis with alcohol in an ultrasonic bath at 60° for 2–5 min, cool the

• CONTENT OF ZEAXANTHIN flask, and dilute with hexane to volume. Pass through a 0.45-
[NOTE—Use low-actinic glassware.] µm pore size membrane filter.

Mobile phase:  Hexane and ethyl acetate (75:25) Sample solution:  Weigh 10 mg of meso-Zeaxanthin into a
Standard solution:  150 µg/mL of USP meso-Zeaxanthin RS 100-mL volumetric flask, add 50 mL of alcohol, and place the
prepared as follows: dissolve 15.0 mg of USP meso-Zeaxanthin flask in an ultrasonic bath at 60° for 2–5 min to dissolve. Cool
RS in 10 mL of chloroform, swirling briefly, and dilute with the flask, and dilute with hexane to volume. Pass the solution
Mobile phase to 100 mL. through a 0.45-µm pore size membrane filter.

Sample solution:  Transfer 15.0 mg of sample to a 100-mL Chromatographic system
volumetric flask, add 10 mL of chloroform, and place the flask (See Chromatography 〈621〉, System Suitability.)
in an ultrasonic bath at 30° for 2–5 min to obtain a clear Mode:  HPLC
solution. Dilute with Mobile phase to volume. Detector:  453 nm

Chromatographic system Column:  4.6-mm × 25-cm; 5-µm packing L51
(See Chromatography 〈621〉, System Suitability.) Column temperature:  35°
Mode:  HPLC Flow rate:  0.5 mL/min
Detector:  453 nm Injection size:  20 µL
Column:  4.6-mm × 25-cm; 3-µm packing L3 System suitability
Column temperature:  25° Sample:  Standard solution
Flow rate:  1.5 mL/min [NOTE—The approximate relative retention times for (3S,3′S)-
Injection size:  10 µL zeaxanthin, (3R,3′S meso)-zeaxanthin, (3R,3′R)-zeaxanthin,

System suitability and (3R,3′R,6′R)-lutein are 0.94, 1.00, 1.06, and 1.11,
Sample:  Standard solution respectively.]
[NOTE—The approximate relative retention times are 0.95 Suitability requirements
and 1.0 for lutein and zeaxanthin, respectively.] Resolution:  The resolution between each pair of peaks due

Suitability requirements to (3S,3′S)-zeaxanthin, (3R,3′S meso)-zeaxanthin, (3R,3′R)-
Resolution:  NLT 1.0 between zeaxanthin and lutein zeaxanthin, and (3R,3′R,6′R)-lutein is NLT 1.5.
Tailing factor:   NMT 2.0 Chromatogram similarity:  The chromatogram from the
Relative standard deviation:  NMT 2.0% Standard solution is similar to the Reference Chromatogram

Analysis:  Inject the Sample solution, and measure the peak provided with the USP meso-Zeaxanthin RS being used.
areas. [NOTE—The peak area of zeaxanthin is NLT 90.0% of Analysis
the total peak areas.] Samples:  Standard solution and Sample solution
Calculate the percentage of zeaxanthin (C40H56O2) in the sam- Identify the peaks of the relevant analytes from the Standard
ple taken: solution by comparison with the Reference Chromatogram

provided with the USP Reference Standard being used. Meas-
Result = (rU/rT) × T

rU = peak area of zeaxanthin
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ure the peak areas. Calculate the percentages of (3S,3′S)-zea- Analysis:  Record the UV-Vis spectrum from 300–600 nm.
xanthin, (3R,3′S meso)-zeaxanthin, and (3R,3′R)-zeaxanthin: Acceptance criteria:  The Sample solution shows a shoulder at

about 427 nm, an absorption maximum at about 453 nm,
Result = (rU/rS) × 100 and another maximum at about 480 nm.

• B.  The retention time of the major peak of the Sample solution
rU = peak area of the corresponding analyte corresponds to that of the Standard solution, as obtained in
rS = total peak area the test for Content of Zeaxanthin.

Acceptance criteria • C.  The retention time of the major peak of the Sample solution
(3R,3′S meso)-Zeaxanthin:  NLT 85.0% corresponds to that of (3R,3′S-meso)-zeaxanthin from the Stan-
(3R,3′R)-Zeaxanthin:  NMT 15.0% dard solution, as obtained in the test for Stereoisomeric
(3S,3′S)-Zeaxanthin:  NMT 1.0% Composition.

IMPURITIES COMPOSITION
Inorganic Impurities • CONTENT OF TOTAL CAROTENOIDS
• LEAD 〈251〉:  NMT 1 ppm Sample stock solution A (for solid meso-zeaxanthin prepara-
• RESIDUE ON IGNITION 〈281〉:  NMT 1.0% tions):  Transfer an amount of meso-Zeaxanthin Preparation

equivalent to 7.5 mg of zeaxanthin to a 100-mL low actinicSPECIFIC TESTS volumetric flask, add 5 mL of water, and sonicate at 60° for 5• WATER DETERMINATION, Method I 〈921〉:  NMT 1.0% min. Add 50 mL of alcohol, and dilute with methylene chlo-
ride to volume. Shake thoroughly to obtain a fine dispersion,ADDITIONAL REQUIREMENTS
transfer 10 mL of this dispersion to a centrifuge tube, and• PACKAGING AND STORAGE:  Preserve in tight, light-resistant
centrifuge. Discard the foremost 2 mL of the supernatant. Usecontainers.
the clear solution.• USP REFERENCE STANDARDS 〈11〉

Sample solution A:  Transfer 1.0 mL of Sample stock solution AUSP meso-Zeaxanthin RS
to a 50-mL low actinic flask, and dilute with a mixture ofβ,β-carotene-3,3′-diol (3R,3′S)-.
cyclohexane and alcohol (9:1) to volume.(3R,3′S meso)-Zeaxanthin.

Sample stock solution B (for liquid meso-zeaxanthin suspen-C40H56O2 568.88▲USP35
sions in oil):  Transfer an amount of meso-Zeaxanthin Prepara-
tion equivalent to 7.5 mg of meso-zeaxanthin to a 100-mL
low actinic volumetric flask, add 20 mL of chloroform, and
sonicate for 5 min. Cool the solution to room temperature,BRIEFING
and dilute with cyclohexane to volume. Shake thoroughly to
obtain a fine dispersion, transfer 10 mL of this dispersion to a
centrifuge tube, and centrifuge.meso-Zeaxanthin Preparation.  Because there is no existing Sample solution B:  Transfer 1.0 mL of Sample stock solution BUSP monograph for this dietary ingredient, a new monograph is to a 50-mL low actinic flask, and dilute with cyclohexane toproposed. The liquid chromatographic procedures in the tests volume.for Content of Zeaxanthin and Lutein and Other Related Com- Instrumental conditionspounds are based on analysis performed with the Agilent Zorbax (See Spectrophotometry and Light-Scattering 〈851〉.)Rx-SIL brand of L3 column. The typical retention times for lutein Analytical wavelength:  453 nmand zeaxanthin are 8.0 and 8.5 min, respectively. The liquid Cell path:  1 cmchromatographic procedure in the test for Stereoisomeric Compo- Blank:  Cyclohexanesition is based on analysis performed with the Daicel Chiralpak AnalysisAD-H brand of L51 column. The typical retention times for Sample:  Sample solution(3S,3′S)-zeaxanthin, (3R,3′S-meso)-zeaxanthin, (3R,3′R)-zeaxan- Calculate the percentage of total carotenoids (T) as meso-thin, and (3R,3′R,6′R)-lutein are 34.0, 36.0, 38.0, and 40.0 min, zeaxanthin (C40H56O2) in the portion of meso-Zeaxanthinrespectively. Preparation taken:

Result = A/(F × C)
(DS: H. Dinh.) RTS—C90548

A = absorbance of the Sample solution
F = coefficient of extinction (E1%) of zeaxanthin in

cyclohexane (100 mL · g-1 · cm-1), 2540
C = concentration of meso-Zeaxanthin Preparation in

Sample solution A or Sample solution B (g/mL)Add the following: Calculate the percentage of the labeled amount of total
carotenoids:

. Result = (T/L) × 100▲meso-Zeaxanthin Preparation
T = percentage of total carotenoids found as calcu-

DEFINITION lated above
meso-Zeaxanthin Preparation is a combination of meso-Zeaxan- L = labeled amount of total carotenoids

thin with one or more inert substances. It may be in a solid or Acceptance criteria:  95.0%–130.0% of the labeled amount of
a liquid form. It contains NLT 95.0% and NMT 130.0% of the total carotenoids calculated as zeaxanthin (C40H56O2) on the
labeled amount of total carotenoids, calculated as zeaxanthin anhydrous basis
(C40H56O2) on the anhydrous basis. It contains NLT 85.0% of • CONTENT OF ZEAXANTHIN
zeaxanthin and NMT 9.0% of lutein of the total carotenoid [NOTE—Use low-actinic glassware.]
content. Mobile phase:  Hexane and ethyl acetate (75:25)

Standard solution:  75 µg/mL of USP meso-Zeaxanthin RS in
IDENTIFICATION Mobile phase
• A. Sample solution:  Use Sample stock solution A or Sample stock

Sample solution:  Prepare as directed for Sample solution A or solution B from the test for Content of Total Carotenoids. Pass
Sample solution B in the test for Content of Total Carotenoids. through a 0.45-µm pore size membrane filter.

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
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Mode:  LC and (3R,3′R,6′R)-lutein are 0.94, 1.00, 1.06, and 1.11,
Detector:  UV 453 nm respectively.]
Column:  4.6-mm × 25-cm; 3-µm packing L3 Suitability requirements
Flow rate:  1.5 mL/min Resolution:  The resolution between each pair of peaks due
Injection size:  10 µL to (3S,3′S)-zeaxanthin, (3R,3′S-meso)-zeaxanthin, (3R,3′R)-

System suitability zeaxanthin, and (3R,3′R,6′R)-lutein is NLT 1.5.
Sample:  Standard solution Chromatogram similarity:  The chromatogram from the
[NOTE—The relative retention times for zeaxanthin and lutein Standard solution is similar to the Reference Chromatogram
are about 1.0 and 0.95, respectively.] provided with the USP meso-Zeaxanthin RS being used.

Suitability requirements Analysis
Resolution:  NLT 1.0 between zeaxanthin and lutein Samples:  Standard solution and Sample solution
Tailing factor:  NMT 2.0 Identify the peaks of the relevant analytes in the chromato-
Relative standard deviation:  NMT 2.0% gram of the Standard solution by comparison with the Refer-

Analysis ence Chromatogram provided with the USP Reference Stan-
Sample:  Sample solution dard being used. Measure the peak areas. Calculate the
Calculate the percentage of zeaxanthin relative to total percentage of (3S,3′S)-zeaxanthin, (3R,3′S-meso)-zeaxanthin,
carotenoids in the portion of meso-Zeaxanthin Preparation and (3R,3′R)-zeaxanthin:
taken:

Result = (rU/rS) × 100
Result = (rU/rT) × 100

rU = peak area of the corresponding analyte
rU = individual peak area of zeaxanthin rS = total peak area
rT = sum of the areas of all the peaks Acceptance criteria
Calculate the percentage of zeaxanthin in the portion of (3R,3′S-meso)-Zeaxanthin:  NLT 85.0%
meso-Zeaxanthin Preparation taken: (3R,3′R)-Zeaxanthin:  NMT 15.0%

(3S,3′S)-Zeaxanthin:  NMT 1.0%
Result = (rU/rT) × T

IMPURITIES
rU = individual peak area of meso-zeaxanthin in the Inorganic Impurities

Sample solution • RESIDUE ON IGNITION 〈281〉:  NMT 2.0%
rT = sum of the areas of all the peaks • HEAVY METALS, Method II 〈231〉:  NMT 10 ppm
T = percentage of total carotenoids as determined in

SPECIFIC TESTSthe test for Content of Total Carotenoids
• WATER DETERMINATION, Method I 〈921〉:  NMT 8.0% for solidAcceptance criteria:  NLT 85.0% of zeaxanthin in the total

preparations. NMT 1.0% for liquid preparations.carotenoid content
• LUTEIN AND OTHER RELATED COMPOUNDS ADDITIONAL REQUIREMENTSMobile phase, Standard solution, Sample solution, and • PACKAGING AND STORAGE:  Preserve in tightly sealed, light- andChromatographic system:  Proceed as directed in the test for oxygen-resistant containers. Store in a cool place.Content of Zeaxanthin. • LABELING:  The label states the name and content of any carri-Analysis ers and antioxidants added to the formulation, and the con-Sample:  Sample solution tent of total carotenoids as zeaxanthin.Injection size:  10 µL • USP REFERENCE STANDARDS 〈11〉Calculate the percentage of lutein relative to total carote- USP meso-Zeaxanthin RSnoids in the portion of meso-Zeaxanthin Preparation taken: β,β-carotene-3,3′-diol (3R,3′S)-.

(3R,3′S meso)-Zeaxanthin.Result = (rU/rT) × 100
C40H56O2 568.88 ▲USP35

rU = individual peak area of lutein
rT = sum of the areas of all the peaks

Acceptance criteria
BRIEFINGLutein:  NMT 9.0%

Any other single related compound:  NMT 1.0%
Total related compounds (including lutein):  NMT 15.0%

Phyllanthus amarus; Powdered Phyllanthus amarus; and• STEREOISOMERIC COMPOSITION
Powdered Phyllanthus amarus Extract.  New USPMobile phase:  Hexane, alcohol, and isopropanol (80:5:5)
monographs are proposed. The liquid chromatographic proce-Standard solution:  0.075 mg/mL of USP meso-Zeaxanthin RS
dure in the test Content of Lignans is based on analyses per-in alcohol and hexane (1:1). Dissolve in 50% of the final vol-
formed with the Phenomenex Luna C18 brand of L1 column,ume with alcohol in an ultrasonic bath at 60° for 2–5 min,
with 5-µm packing. The typical retention times are about 26.7cool the flask, and dilute with hexane to volume. Pass through
and 28.6 min for phyllanthin and hypophyllanthin, respectively.a 0.45-µm pore size membrane filter.

Sample solution:  Use Sample stock solution A or Sample stock
solution B from the test for Content of Total Carotenoids. Pass
through a 0.45-µm pore size membrane filter. (DS: M. Sharaf.) RTS—C66614

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)
Mode:  HPLC
Detector:  453 nm
Column:  4.6-mm × 25-cm, 5-µm packing L51
Column temperature:  35°
Flow rate:  0.5 mL/min
Injection size:  20 µL

System suitability
Sample:  Standard solution
[NOTE—The approximate relative retention times for (3S,3′S)-
zeaxanthin, (3R,3′S-meso)-zeaxanthin, (3R,3′R)-zeaxanthin,
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Sample solution:  Transfer about 3.0 g of Phyllanthus amarus,Add the following:
finely powdered and accurately weighed, to a 250-mL flask
fitted with a reflux condenser. Add 50 mL of methanol, reflux

. in a water bath for about 20 min, allow to settle, and decant
the supernatant. Repeat until the last extract is colorless. Com-▲Phyllanthus amarus
bine the extracts, concentrate under vacuum and adjust the
volume to 100 mL with methanol. Before injection, passDEFINITION
through a membrane filter of 0.45-µm or finer pore size, dis-Phyllanthus amarus consists of the dried aerial parts of Phyllanthus
carding the first few mL of the filtrate.amarus Schumach. (Fam. Euphorbiaceae). It contains NLT

Mobile phase:  Acetonitrile and Solution A (4:6)0.25% of lignans, calculated as the sum of phyllanthin and
Chromatographic systemhypophyllanthin on the dried basis.
 (See Chromatography 〈621〉, System Suitability.)
Mode:  LCIDENTIFICATION
Detector:  UV 230 nm• A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
Column:  4.6-mm × 25-cm; 5-µm packing L1Adsorbent:  Chromatographic silica gel with an average parti-
Flow rate:  1.5 mL/mincle size of 10–15 µm (TLC plates) or with an average particle
Injection size:  10 µLsize of 5 µm (HPTLC plates)

System suitabilityStandard solution A:  0.1 mg/mL of USP Phyllanthin RS in
Samples:  Standard solution A and Standard solution Bmethanol
Suitability requirementsStandard solution B:  10 mg/mL of USP Powdered Phyllanthus

Chromatogram similarity:  The chromatogram from Stan-amarus Extract RS in methanol. Sonicate for about 10 min,
dard solution B is similar to the Reference Chromatogramcentrifuge, and use the supernatant.
provided with the lot of USP Powdered Phyllanthus amarusSample solution:  Sonicate about 0.5 g of Phyllanthus amarus,
Extract RS being used.finely powdered, in 5 mL of methanol for 10 min, centrifuge,

Tailing factor:  NMT 1.5 for the phyllanthin peak, Standardand use the supernatant.
solution ADeveloping solvent system:  Hexane and ethyl acetate (2:1)

Relative standard deviation:  NMT 2.0% determined fromSpray reagent:  A solution of 10% sulfuric acid in methanol.
the phyllanthin peak in repeated injections, Standard solu-[NOTE—Prepare fresh.]
tion AApplication volume:  10 µL (TLC plates) or 4 µL (HPTLC

Resolution:  NLT 1.5 between the phyllanthin and hy-plates)
pophyllanthin peaks, Standard solution BAnalysis

AnalysisSamples:  Standard solution A, Standard solution B, and Sample
Samples:  Standard solution A, Standard solution B, and Samplesolution
solutionApply the samples as bands to a suitable thin-layer chromat-

[NOTE—Standard solution A, Standard solution B, and the Sam-ographic plate (See Chromatography 〈621〉.). Use a saturated
ple solution are stable for 48 h at room temperature.]chamber. Develop the chromatograms until the solvent
Using the chromatograms of Standard solution A, Standardfront has moved up about 90% of the plate. Remove the
solution B, and the Reference Chromatogram provided withplate from the chamber, dry, spray with the Spray reagent,
the lot of USP Powdered Phyllanthus amarus Extract RS be-heat for 3 min at 120°, and examine under visible light.
ing used, identify the retention times of the peaks corre-Acceptance criteria:  The chromatogram of the Sample solu-
sponding to phyllanthin and hypophyllanthin.tion exhibits a blue band in the lower third of the plate due to

Separately calculate the percentages of phyllanthin and hy-phyllanthin, corresponding in color and RF to that in the chro-
pophyllanthin in the portion of Phyllanthus amarus taken:matogram of Standard solution A; a violet band due to hy-

pophyllanthin at an RF higher than that of phyllanthin; a blue
Result = (rU/rS) × (CS/CU) × F × 100band at an RF higher than that of hypophyllanthin; and an

additional violet band in the upper third of the plate. Bands
rU = peak response for the analyte from the Sampledetected in the chromatogram of the Sample solution corre-

solutionspond in position and color to bands in the chromatogram of
rS = peak response for phyllanthin from Standard so-Standard solution B. Other minor bands may be observed in

lution Athe chromatograms of the Sample solution and Standard solu-
CS = concentration of USP Phyllanthin RS in Standardtion B.

solution A (mg/mL)• B.  The chromatogram of the Sample solution obtained in the
CU = concentration of Phyllanthus amarus in the Sam-test for Content of Lignans shows a peak at a retention time

ple solution (mg/mL)corresponding to that of phyllanthin in the chromatogram of
F = conversion factors for the analytes (1.00 forStandard solution A. Identify other lignan peaks in the chromat-

phyllanthin and 0.75 for hypophyllanthin)ogram of the Sample solution by comparison with the chro-
Acceptance criteria:  Add the percentages of phyllanthin andmatogram of Standard solution B and the Reference Chromato-
hypophyllanthin: NLT 0.25% is found on the dried basis.gram provided with the lot of USP Powdered Phyllanthus

amarus Extract RS being used. The chromatogram of the Sam- CONTAMINANTSple solution shows an additional peak corresponding to • ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi-hypophyllanthin. dues Analysis 〈561〉:  Meets the requirements
• HEAVY METALS, Method III 〈231〉:  NMT 20 ppmCOMPOSITION
• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic bacte-• CONTENT OF LIGNANS

rial count does not exceed 105 cfu/g, the total combinedSolution A:  Dissolve 0.14 g of potassium dihydrogen phos-
molds and yeasts count does not exceed 103 cfu/g, and thephate in 900 mL of water, add 0.5 mL of phosphoric acid,
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/dilute with water to 1000 mL, mix, filter, and degas.
g.Standard solution A:  0.1 mg/mL of USP Phyllanthin RS in

• ABSENCE OF SPECIFIED MICROORGANISMS 〈2022〉:  Meets the re-methanol
quirements of the tests for absence of Salmonella species andStandard solution B:  Sonicate a portion of USP Powdered
Escherichia coliPhyllanthus amarus Extract RS in methanol to obtain a solution

having a concentration of about 5.0 mg/mL. Before injection, SPECIFIC TESTSpass through a membrane filter of 0.45-µm or finer pore size, • BOTANIC CHARACTERISTICSdiscarding the first few mL of the filtrate. Macroscopic:  Erect annual herb, 10–60-cm high; slender
stem, leaves on main stem are reduced to scales; secondary

2010 The United States Pharmacopeial Convention All Rights Reserved.

In-Process Revision



Pharmacopeial Forum
1622 IN-PROCESS REVISION Vol. 36(6) [Nov.–Dec. 2010]

branchlets, short, extend at right angles, each carrying 15–30 Add the following:
leaves; leaves have a green upper surface with raised midrib
and a pale green lower surface with prominent midrib and
secondary veins, simple, alternate, 3–11 mm long, 1.5–6 mm .

wide, short petiolate, elliptical-oblong to obovate, apex obtuse ▲Powdered Phyllanthus amarus Extract
and often with small pointed tip, margin entire, base often
slightly asymmetric; flowers minute, yellowish, greenish, or DEFINITION
whitish, unisexual, axillary on secondary branchlets, 1–2 and Powdered Phyllanthus amarus is prepared from Phyllanthus amarus
sometimes 3 per axil, first 1–2 internodes of each branchlet by extraction with methanol, ethyl acetate, hexane, or a mix-
bear 1–2 male flowers, the rest have male and female flowers; ture of these solvents. The ratio of starting crude plant material
fruits are flattened spherical capsules, straw color, 3-loculed, to Powdered Extract is between 15:1 and 4:1. It contains NLT
about 2 mm in diameter; seeds usually 2 per locule, light 90.0% and NMT 110.0% of the labeled amount of of lignans,
brown, about 0.9 mm long, triangular with 6–7 longitudinal calculated on the dried basis as the sum phyllanthin and hy-
ribs and many transverse striations on the back. Pharmaco- pophyllanthin. It may contain suitable added substances as
peial article is green to yellowish-green masses composed carriers.
mostly of leaves, branchlets, and stems fragments; taste bitter.

Histology IDENTIFICATION
Transverse section of stems:  Epidermal layer; about 15 lay- • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉
ers of cortex cells, thick wall, contain chloroplast, some con- Adsorbent:  Chromatographic silica gel with an average parti-
tain calcium oxalate crystals, inner 7–10 layers are made of cle size of 10–15 µm (TLC plates) or with an average particle
thick-wall cells interrupted at regular interval by parenchyma size of 5 µm (HPTLC plates)
cells; a layer of parenchyma cells containing starch grains; Standard solution A:  0.1 mg/mL of USP Phyllanthin RS in
phloem 7–10 layers of thin-wall cells; groups of xylem ves- methanol
sels; pith, multilayer of thin-wall cells, few contain calcium Standard solution B:  10 mg/mL of USP Powdered Phyllanthus
oxalate crystals. amarus Extract RS in methanol. Sonicate for about 10 min,

Transverse section of branchlets:  The transverse section is centrifuge, and use the supernatant.
round; 6–8 layers of cortex, thick-wall cells, most contain Sample solution:  10 mg/mL of Powdered Phyllanthus amarus
chloroplast and a few calcium oxalate crystals, after 3–4 lay- Extract in methanol. Sonicate for about 10 min, centrifuge,
ers there is a layer of cells containing starch grains, followed and use the supernatant.
by 2–3 layers of fiber cells interrupted by cortex parenchyma; Developing solvent system:  Hexane and ethyl acetate (2:1)
phloem 5–7 layers of thin-wall cells; groups of xylem vessels; Spray reagent:  A solution of 10% sulfuric acid in methanol.
pith, multilayer of thin-wall cells, containing chloroplasts. [NOTE—Prepare fresh.]

Transverse section of leaves:  Upper and lower epidermis; a Application volume:  10 µL (TLC plates) or 4 µL (HPTLC
single layer of palisade cells, which occupy nearly half of the plates)
space between each epidermis; 3–5 layers of parenchyma Analysis
cells, a few contain crystals of calcium oxalate; vascular bun- Samples:  Standard solution A, Standard solution B, and Sample
dles are also present. solution

• LOSS ON DRYING 〈731〉:  Dry 1.0 g of finely powdered Phyl- Apply the samples as bands to a suitable thin-layer chromat-
lanthus amarus at 105° for 2 h: it loses NMT 12.0% of its ographic plate (See Chromatography 〈621〉.). Use a saturated
weight. chamber. Develop the chromatograms until the solvent

• ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 8.0%, front has moved up about 90% of the plate. Remove the
determined on 1.0 g of finely powdered Phyllanthus amarus plate from the chamber, dry, spray with the Spray reagent,

• ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMT heat for 3 min at 120°, and examine under visible light.
5.0%, determined on 1.0 g of finely powdered Phyllanthus Acceptance criteria:  The chromatogram of the Sample solu-
amarus tion exhibits a blue band in the lower third of the plate due to

• ARTICLES OF BOTANICAL ORIGIN, Foreign Organic Matter 〈561〉: phyllanthin, corresponding in color and RF to that in the chro-
NMT 2.0% matogram of Standard solution A; a violet band due to hy-

pophyllanthin at an RF higher than that of phyllanthin; a blue
ADDITIONAL REQUIREMENTS band at an RF higher than that of hypophyllanthin; and an
• PACKAGING AND STORAGE:  Preserve in well-closed containers, additional violet band in the upper third of the plate. Bands

protected from light and moisture, and store at room detected in the chromatogram of the Sample solution corre-
temperature. spond in position and color to bands in the chromatogram of

• LABELING:  The label states the Latin binomial and, following Standard solution B. Other minor bands may be observed in
the official name, the parts of the plant contained in the the chromatograms of the Sample solution and Standard solu-
article. tion B.

• USP REFERENCE STANDARDS 〈11〉 • B.  The chromatogram of the Sample solution obtained in the
USP Phyllanthin RS test for Content of Lignans shows a peak at a retention time
USP Powdered Phyllanthus amarus Extract RS▲USP35 corresponding to that of phyllanthin in the chromatogram of

Standard solution A. Identify other lignan peaks in the chromat-
ogram of the Sample solution by comparison with the chro-
matogram of Standard solution B and the Reference Chromato-BRIEFING gram provided with the lot of USP Powdered Phyllanthus
amarus Extract RS being used. The chromatogram of the Sam-
ple solution shows an additional peak corresponding to

Powdered Phyllanthus amarus Extract.   See Briefing under hypophyllanthin.
Phyllanthus amarus published elsewhere in this issue.

COMPOSITION
• CONTENT OF LIGNANS

Solution A:  Dissolve 0.14 g of potassium dihydrogen phos-(DS: M. Sharaf.) RTS—C66616 phate in 900 mL of water, add 0.5 mL of phosphoric acid,
dilute with water to 1000 mL, mix, filter, and degas.

Standard solution A:  0.1 mg/mL of USP Phyllanthin RS in
methanol

Standard solution B:  5.0 mg/mL of USP Powdered Phyl-
lanthus amarus Extract RS in methanol. Sonicate to dissolve.
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Before injection, pass through a membrane filter of 0.45-µm ADDITIONAL REQUIREMENTS
or finer pore size, discarding the first part of the filtrate. • PACKAGING AND STORAGE:  Preserve in well-closed containers,

Sample solution:  5.0 mg/mL of Powdered Phyllanthus amarus protected from light and moisture, and store at controlled
Extract in methanol. Sonicate to dissolve. Before injection, room temperature.
pass through a membrane filter of 0.45-µm or finer pore size, • LABELING:  The label states the Latin binomial and, following
discarding the first part of the filtrate. the official name, the part of the plant from which the article

Mobile phase:  Acetonitrile and Solution A (4:6) was derived. It meets other labeling requirements under Botan-
Chromatographic system ical Extracts 〈565〉.
 (See Chromatography 〈621〉, System Suitability.) • OTHER REQUIREMENTS:  Meets the requirements of the test for
Mode:  LC Residual Solvents under Botanical Extracts 〈565〉
Detector:  UV 230 nm • USP REFERENCE STANDARDS 〈11〉
Column:  4.6-mm × 25-cm; 5-µm packing L1 USP Phyllanthin RS
Flow rate:  1.5 mL/min USP Powdered Phyllanthus amarus Extract RS▲USP35

Injection size:  10 µL
System suitability
Samples:  Standard solution A and Standard solution B

BRIEFINGSuitability requirements
Chromatogram similarity:  The chromatogram from Stan-
dard solution B is similar to the Reference Chromatogram
provided with the lot of USP Powdered Phyllanthus amarus Powdered Phyllanthus amarus.   See Briefing under Phyllanthus
Extract RS being used. amarus published elsewhere in this issue.

Tailing factor:  NMT 1.5 for the phyllanthin peak, Standard
solution A

Relative standard deviation:  NMT 2.0% determined from (DS: M. Sharaf.) RTS—C66615the phyllanthin peak in repeated injections, Standard solu-
tion A

Resolution:  NLT 1.5 between the phyllanthin and hy-
pophyllanthin peaks, Standard solution B

Analysis
Samples:  Standard solution A, Standard solution B, and Sample Add the following:
solution

[NOTE—Standard solution A, Standard solution B, and the Sam-
.ple solution are stable for 48 h at room temperature.]

Using the chromatograms of Standard solution A, Standard ▲Powdered Phyllanthus amarus
solution B, and the Reference Chromatogram provided with
the lot of USP Powdered Phyllanthus amarus Extract RS be- DEFINITION
ing used, identify the retention times of the peaks corre- Powdered Phyllanthus amarus is Phyllanthus amarus reduced to a
sponding to phyllanthin and hypophyllanthin. powder or very fine powder. It contains NLT 0.25% of lignans,

Separately calculate the percentages of phyllanthin and hy- calculated as the sum of phyllanthin and hypophyllanthin, on
pophyllanthin in the portion of Powdered Phyllanthus the dried basis.
amarus Extract taken:

IDENTIFICATION
Result = (rU/rS) × (CS/CU) × F × 100 • A. THIN-LAYER CHROMATOGRAPHIC IDENTIFICATION TEST 〈201〉

Adsorbent:  Chromatographic silica gel with an average parti-
rU = peak response for the analyte from the Sample cle size of 10–15 µm (TLC plates) or with an average particle

solution size of 5 µm (HPTLC plates)
rS = peak response for phyllanthin from Standard so- Standard solution A:  0.1 mg/mL of USP Phyllanthin RS in

lution A methanol
CS = concentration of USP Phyllanthin RS in Standard Standard solution B:  10 mg/mL of USP Powdered Phyllanthus

solution A (mg/mL) amarus Extract RS in methanol. Sonicate for about 10 min,
CU = concentration of Powdered Phyllanthus amarus centrifuge, and use the supernatant.

Extract in the Sample solution (mg/mL) Sample solution:  Sonicate about 0.5 g of Powdered Phyl-
F = conversion factors for the analytes (1.00 for lanthus amarus in 5 mL of methanol for 10 min, centrifuge,

phyllanthin and 0.75 for hypophyllanthin) and use the supernatant.
Acceptance criteria:  Add the percentages of phyllanthin and Developing solvent system:  Hexane and ethyl acetate (2:1)
hypophyllanthin: NLT 90.0% and NMT 110.0% of the labeled Spray reagent:  A solution of 10% sulfuric acid in methanol.
amount is found on the dried basis. [NOTE—Prepare fresh.]

Application volume:  10 µL (TLC plates) or 4 µL (HPTLC
CONTAMINANTS plates)
• ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi- Analysis

dues Analysis 〈561〉:   Meets the requirements Samples:  Standard solution A, Standard solution B, and Sample
• HEAVY METALS, Method III 〈231〉:  NMT 20 ppm solution
• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic micro- Apply the samples as bands to a suitable thin-layer chromat-

bial count does not exceed 104 cfu/g. The total combined ographic plate (See Chromatography 〈621〉.). Use a saturated
yeast and mold count does not exceed 103 cfu/g. chamber. Develop the chromatograms until the solvent

• ABSENCE OF SPECIFIED MICROORGANISMS 〈2022〉:  Meets the re- front has moved up about 90% of the plate. Remove the
quirements of the tests for absence of Salmonella species and plate from the chamber, dry, spray with the Spray reagent,
Escherichia coli heat for 3 min at 120°, and examine under visible light.

Acceptance criteria:  The chromatogram of the Sample solu-SPECIFIC TESTS tion exhibits a blue band in the lower third of the plate due to• LOSS ON DRYING 〈731〉:  Dry 1.0 g of Powdered Phyllanthus phyllanthin, corresponding in color and RF to that in the chro-amarus Extract at 105° for 2 h: it loses NMT 7.0% of its matogram of Standard solution A; a violet band due to hy-weight. pophyllanthin at an RF higher than that of phyllanthin; a blue
band at an RF higher than that of hypophyllanthin; and an
additional violet band in the upper third of the plate. Bands
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detected in the chromatogram of the Sample solution corre- the lot of USP Powdered Phyllanthus amarus Extract RS be-
spond in position and color to bands in the chromatogram of ing used, identify the retention times of the peaks corre-
Standard solution B. Other minor bands may be observed in sponding to phyllanthin and hypophyllanthin.
the chromatograms of the Sample solution and Standard solu- Separately calculate the percentages of phyllanthin and hy-
tion B. pophyllanthin in the portion of Powdered Phyllanthus

• B.  The chromatogram of the Sample solution obtained in the amarus taken:
test for Content of Lignans shows a peak at a retention time

Result = (rU/rS) × (CS/CU) × F × 100corresponding to that of phyllanthin in the chromatogram of
Standard solution A. Identify other lignan peaks in the chromat-

rU = peak response for the analyte from the Sampleogram of the Sample solution by comparison with the chro-
solutionmatogram of Standard solution B and the Reference Chromato-

rS = peak response for phyllanthin from Standard so-gram provided with the lot of USP Powdered Phyllanthus
lution Aamarus Extract RS being used. The chromatogram of the Sam-

CS = concentration of USP Phyllanthin RS in Standardple solution shows an additional peak corresponding to
solution A (mg/mL)hypophyllanthin.

CU = concentration of Powdered Phyllanthus amarus in
COMPOSITION the Sample solution (mg/mL)
• CONTENT OF LIGNANS F = conversion factors for the analytes (1.00 for

Solution A:  Dissolve 0.14 g of potassium dihydrogen phos- phyllanthin and 0.75 for hypophyllanthin)
phate in 900 mL of water, add 0.5 mL of phosphoric acid, Acceptance criteria:  Add the percentages of phyllanthin and
dilute with water to 1000 mL, mix, filter, and degas. hypophyllanthin: NLT 0.25% is found on the dried basis.

Standard solution A:  0.1 mg/mL of USP Phyllanthin RS in
CONTAMINANTSmethanol
• ARTICLES OF BOTANICAL ORIGIN, General Method for Pesticide Resi-Standard solution B:  Sonicate a portion of USP Powdered

dues Analysis 〈561〉:  Meets the requirementsPhyllanthus amarus Extract RS in methanol to obtain a solution
• HEAVY METALS, Method III 〈231〉:  NMT 20 ppmhaving a concentration of about 5.0 mg/mL. Before injection,
• MICROBIAL ENUMERATION TESTS 〈2021〉:  The total aerobic bacte-pass through a membrane filter of 0.45-µm or finer pore size,

rial count does not exceed 105 cfu/g, the total combineddiscarding the first few mL of the filtrate.
molds and yeasts count does not exceed 103 cfu/g, and theSample solution:  Transfer about 3.0 g of Powdered Phyl-
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/lanthus amarus, accurately weighed, to a 250-mL flask fitted
g.with a reflux condenser. Add 50 mL of methanol, reflux in a

• ABSENCE OF SPECIFIED MICROORGANISMS 〈2022〉:  Meets the re-water bath for about 20 min, leave to settle, and decant the
quirements of the tests for absence of Salmonella species andsupernatant. Repeat until the last extract is colorless. Combine
Escherichia colithe extracts, concentrate under vacuum, and adjust the vol-

ume with methanol to 100 mL. Before injection, pass through SPECIFIC TESTSa membrane filter of 0.45-µm or finer pore size, discarding • BOTANIC CHARACTERISTICS  Greenish to greenish-brown in color;the first few mL of the filtrate. taste bitter. Under a microscope, fragments of epidermal cellsMobile phase:  Acetonitrile and Solution A (4:6) of the leaves with wavy walls, showing anisocytic and para-Chromatographic system cytic stomata; parenchyma cells, some showing clusters crys- (See Chromatography 〈621〉, System Suitability.) tals calcium oxalate; narrow fibers from the stem; pitted ves-Mode:  LC sels of the stem; fragments of the epicarp of the fruits showingDetector:  UV 230 nm anomocytic stomataColumn:  4.6-mm × 25-cm; 5-µm packing L1 • LOSS ON DRYING 〈731〉:   Dry 1.0 g of Powdered PhyllanthusFlow rate:  1.5 mL/min amarus at 105° for 2 h: it loses NMT 12.0% of its weight.Injection size:  10 µL • ARTICLES OF BOTANICAL ORIGIN, Total Ash 〈561〉:  NMT 8.0%,System suitability determined on 1.0 g of Powdered Phyllanthus amarusSamples:  Standard solution A and Standard solution B • ARTICLES OF BOTANICAL ORIGIN, Acid-Insoluble Ash 〈561〉:  NMTSuitability requirements 5.0%, determined on 1.0 g of Powdered Phyllanthus amarusChromatogram similarity:  The chromatogram from Stan-
dard solution B is similar to the Reference Chromatogram ADDITIONAL REQUIREMENTS
provided with the lot of USP Powdered Phyllanthus amarus • PACKAGING AND STORAGE:   Preserve in well-closed containers,
Extract RS being used. protected from light and moisture, and store at room

Tailing factor:  NMT 1.5 for the phyllanthin peak, Standard temperature.
solution A • LABELING:  The label states the Latin binomial and, following

Relative standard deviation:  NMT 2.0% determined from the official name, the parts of the plant contained in the
the phyllanthin peak in repeated injections, Standard solu- article.
tion A • USP REFERENCE STANDARDS 〈11〉

Resolution:  NLT 1.5 between the phyllanthin and hy- USP Phyllanthin RS
pophyllanthin peaks, Standard solution B USP Powdered Phyllanthus amarus Extract RS▲USP35

Analysis
Samples:  Standard solution A, Standard solution B, and Sample
solution

[NOTE—Standard solution A, Standard solution B, and the Sam-
ple solution are stable for 48 h at room temperature.]
Using the chromatograms of Standard solution A, Standard
solution B, and the Reference Chromatogram provided with
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category,
page R-1358 of the Second Supplement to the USP–NF Reissue
and page 1223 of PF 36(5) [Sept.–Oct. 2010]. It is proposed
to add Ethylcellulose Dispersion Type B to the Coating Agent cat-
egory and to add Ammonio Methacrylate Copolymer, Ethylcellu-
lose Dispersion Type B, and Methacrylic Acid and Ethyl Acrylate
Copolymer Dispersion to the Film-Forming Agent category to
complement the proposed new monographs for Ammonio
Methacrylate Copolymer, Ethylcellulose Dispersion Type B, and
Methacrylic Acid Copolymer Dispersion, which appear elsewhere
in this issue of PF.

(EM1; EM2) RTS—C72176; C90780; C91835

Change to read:

Antioxidant

Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene
Stannous Chloride
Erythorbic Acid
Hypophosphorous Acid
&Lactobionic Acid&2S (NF28)
Monothioglycerol
Potassium Metabisulfite
Propyl Gallate

&Racemethionine&2S (NF29)

Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate
Sulfur Dioxide
Tocopherols Excipient

Change to read:

Buffering Agent

Acetic Acid
Adipic Acid
Ammonium Carbonate
Ammonium Phosphate
Boric Acid
Citric Acid, Anhydrous
Citric Acid Monohydrate

~

Alpha-Lactalbumin~NF29

Lactic Acid
Phosphoric Acid
Potassium Citrate
Potassium Metaphosphate
Potassium Phosphate, Dibasic
Potassium Phosphate, Monobasic

&Racemethionine&2S (NF29)

Sodium Acetate
Sodium Citrate
Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Succinic Acid

Change to read:

Bulking Agent for Freeze-Drying

Creatinine

~

Alpha-Lactalbumin~NF29

Mannitol
Polydextrose
&Hydrogenated Polydextrose&2S (NF28)

Pullulan
Trehalose

Change to read:

Coating Agent

Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose Sodium
~

Enzymatically-Hydrolyzed Carboxymethylcellulose So-
dium~NF28
Cellaburate
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate
Cellulose Acetate Phthalate (see Cellacefate)

&Chitosan&2S (NF29)

Coconut Oil
Hydrogenated Coconut Oil
Copovidone
Corn Syrup Solids
Ethyl Acrylate and Methyl Methacrylate Copolymer Disper-
sion
Ethylcellulose
Ethylcellulose Aqueous Dispersion

~

Ethylcellulose Dispersion Type B~NF30

&Ethylene Glycol and Vinyl Alcohol Graft Copoly-
mer&1S (NF28)

Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)
Hydroxypropyl Methylcellulose Phthalate (see Hypromel-
lose Phthalate)
Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
Hypromellose Phthalate (formerly Hydroxypropyl Methyl-
cellulose Phthalate)

~

Alpha-Lactalbumin~NF29

Maltodextrin
&Methacrylic Acid and Ethyl Acrylate Copolymer&2S (NF28)
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~

Partially-Neutralized Methacrylic Acid and Ethyl

Acrylate Copolymer~NF29

& M e t h a c r y l i c A c i d a n d M e t h y l M e t h a c r y l a t e
Copolymer&2S (NF28)

Methacrylic Acid Copolymer Dispersion
[Title for this monograph—not to change until May 1,

2017.
Prior to May 1, 2017, the current name Methacrylic Acid

Copolymer Dispersion may be continued. Use of the
revised name Methacrylic Acid and Ethyl Acrylate
Copolymer Dispersion will be permitted as of May 1,
2010, but use of this name will not be mandatory until
May 1, 2017.]

~Methacrylic Acid and Ethyl Acrylate Copolymer

Dispersion~NF30

Methylcellulose
Palm Kernel Oil
Palm Oil
Hydrogenated Palm Oil
&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Glycol
~

Polyvinyl Acetate~NF28
~

Polyvinyl Acetate Dispersion~NF28
Polyvinyl Acetate Phthalate
Pullulan
Fully Hydrogenated Rapeseed Oil
Superglycerinated Fully Hydrogenated Rapeseed Oil
Shellac
Starch, Pregelatinized Modified
Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein

Add the following:

Coloring Agent

~

Aluminum Oxide~NF29

Change to read:

Complexing Agent

&Betadex Sulfobutyl Ether Sodium&1S (NF29)

Edetate Calcium Disodium
Edetate Disodium
Edetic Acid

~

Alpha-Lactalbumin~NF29

Oxyquinoline Sulfate

Change to read:

Emollient

Alkyl (C12-15) Benzoate

&Butyl Stearate&2S (NF29)

Hydrogenated Soybean Oil
Hydrogenated Polydecene
Oleyl Oleate

Change to read:

Emulsifying and/or Solubilizing Agent

Acacia
Carbomer Copolymer
Carbomer Interpolymer
Cholesterol
Stannous Chloride
Coconut Oil
~

Desoxycholic Acid~NF28

Diethanolamine (Adjunct)
Diethylene Glycol Stearates
Ethylene Glycol Stearates
Gamma Cyclodextrin
Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate

~

Alpha-Lactalbumin~NF29

Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
Oleyl Oleate
Palm Kernel Oil
Palm Oil
Poloxamer

&Polyglyceryl 3 Diisostearate&1S (NF29)

&Polyglyceryl Dioleate&2S (NF29)

Polyoxyethylene 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Propylene Glycol Monostearate
Superglycerinated Fully Hydrogenated Rapeseed Oil
Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate

Pharmacopeial Forum
1626 IN-PROCESS REVISION Vol. 36(6) [Nov.–Dec. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearic Acid
&Sucrose Stearate&1S (NF28)

Trolamine
Wax, Emulsifying

Change to read:

Film-Forming Agent

~

Ammonio Methacrylate Copolymer~NF30

&Chitosan&1S (NF29)

~Ethylcellulose Dispersion Type B~NF30

&Methacrylic Acid and Ethyl Acrylate Copolymer&2S (NF28)
&Partially-Neutralized Methacrylic Acid and Ethyl Acrylate

Copolymer&2S (NF28)
& M e t h a c r y l i c A c i d a n d M e t h y l M e t h a c r y l a t e

Copolymer&2S (NF28)

~

Methacrylic Acid and Ethyl Acrylate Copolymer

Dispersion~NF30

Change to read:

Flavors and Perfumes

Almond Oil
Anethole
Benzaldehyde

&Diethyl Sebacate&1S (NF29)

Ethyl Acetate
Ethyl Vanillin
&L-Glutamic Acid, Hydrochloride&2S (NF28)
Lactitol
Maltol
Menthol
Methyl Salicylate
Monosodium Glutamate
Peppermint
Peppermint Oil
Peppermint Spirit

&Racemethionine&2S (NF29)

Rose Oil
Rose Water, Stronger
Thymol
Vanillin

Change to read:

Humectant

Corn Syrup Solids
Erythritol
Glycerin
Hexylene Glycol
Inositol
Maltitol
Polydextrose
&Hydrogenated Polydextrose&2S (NF28)

Propylene Glycol
Sorbitol
Sorbitol Sorbitan Solution

&Hydrogenated Starch Hydrolysate&2S (NF29)

Tagatose

Change to read:

Ointment Base

Caprylocaproyl Polyoxylglycerides
Diethylene Glycol Monoethyl Ether
Hydrogenated Polydecene
Lanolin
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Ointment, Hydrophilic
Ointment, White
Ointment, Yellow
Oleoyl Polyoxylglycerides
Polyethylene Glycol Monomethyl Ether

&Polyglyceryl 3 Diisostearate&1S (NF29)

Petrolatum
Petrolatum, Hydrophilic
Petrolatum, White
Rose Water Ointment
Squalane
Stearoyl Polyoxylglycerides
Vegetable Oil, Hydrogenated, Type II

Change to read:

Sequestering Agent

Beta Cyclodextrin (see Betadex)
Betadex (formerly Beta Cyclodextrin)

&Betadex Sulfobutyl Ether Sodium&1S (NF29)

Hydroxypropyl Betadex
Gamma Cyclodextrin
Pullulan
Sodium Tartrate

Change to read:

Suspending and/or Viscosity-Increasing Agent

Acacia
Agar
Alamic Acid
Alginic Acid
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Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
~

Enzymatically-Hydrolyzed Carboxymethylcellulose So-
dium~NF28
~

Carmellose~NF28
Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose
Sodium

&Chitosan&2S (NF29)

Corn Syrup
Corn Syrup Solids
Dextrin
Gelatin
Gellan Gum
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)

&Hydroxypropyl Corn Starch&2S (NF29)

&Hydroxypropyl Pea Starch&2S (NF29)

&Hydroxypropyl Potato Starch&2S (NF29)

Hypromellose (formerly Hydroxypropyl Methylcellulose)
&Alpha-Lactalbumin&1S (NF28)

Magnesium Aluminum Silicate
Maltodextrin
Methylcellulose
Pectin
&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate
Pullulan
Hydrophobic Colloidal Silica
Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Starch, Corn
~

Starch, Pea~NF28
Starch, Potato
Starch, Tapioca
Starch, Wheat
&Sucrose Palmitate&1S (NF28)

Tragacanth
Xanthan Gum

Change to read:

Sweetening Agent

Acesulfame Potassium
Aspartame
Aspartame Acesulfame
Corn Syrup
Corn Syrup Solids
High Fructose Corn Syrup
Dextrates
Dextrose
Dextrose Excipient
Erythritol
Fructose
Galactose
Maltitol
Maltose
Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution

&Hydrogenated Starch Hydrolysate&1S (NF29)

Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup
Tagatose
Trehalose

Change to read:

Tablet Binder

Acacia
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
Silicified Microcrystalline Cellulose
Hydrogenated Coconut Oil
Copovidone
Corn Syrup
Corn Syrup Solids
Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer Disper-
sion
Ethylcellulose
&Ethylene Glycol and Vinyl Alcohol Graft Copoly-
mer&1S (NF28)
Gelatin
Glucose, Liquid
Guar Gum
Low-Substituted Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose (see Hypromellose)

&Hydroxypropyl Corn Starch&2S (NF29)

&Hydroxypropyl Pea Starch&2S (NF29)
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&Hydroxypropyl Potato Starch&2S (NF29)

Hypromellose (formerly Hydroxypropyl Methylcellulose)
Hypromellose Acetate Succinate
&Alpha-Lactalbumin&1S (NF28)

Maltodextrin
Maltose
Methylcellulose
Hydrogenated Palm Oil
&Hydrogenated Polydextrose&2S (NF28)

Polyethylene Oxide
~

Polyvinyl Acetate~NF28

Povidone
Pullulan
Starch, Corn

&Hydrogenated Starch Hydrolysate&1S (NF29)

~

Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Syrup
Trehalose

Change to read:

Tablet and/or Capsule Diluent

Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
Silicified Microcrystalline Cellulose
Cellulose, Powdered
Corn Syrup
Corn Syrup Solids
Dextrates
Dextrin
Dextrose Excipient
Fructose

&Hydroxypropyl Corn Starch&2S (NF29)

&Hydroxypropyl Pea Starch&2S (NF29)

&Hydroxypropyl Potato Starch&2S (NF29)

Kaolin
&Alpha-Lactalbumin&1S (NF28)

Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Maltitol
Maltodextrin
Maltose
Mannitol
Propylene Glycol Monocaprylate
Pullulan
Sorbitol
Starch
Starch, Corn

&Hydrogenated Starch Hydrolysate&1S (NF29)

~

Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Trehalose

Change to read:

Tablet Disintegrant

Alginic Acid
Cellulose, Microcrystalline
Silicified Microcrystalline Cellulose
Croscarmellose Sodium
Crospovidone
Low-Substituted Hydroxypropyl Cellulose

&Hydroxypropyl Corn Starch&2S (NF29)

&Hydroxypropyl Pea Starch&2S (NF29)

&Hydroxypropyl Potato Starch&2S (NF29)

Maltose
Polacrilin Potassium
Pullulan
Sodium Starch Glycolate
Starch
Starch, Corn
~

Starch, Pea~NF28

Starch, Potato
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Tapioca
Starch, Wheat
Trehalose

Change to read:

Vehicle
FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound
Corn Syrup Solids
Dextrose
Ethyl Maltol
Peppermint Water
Sorbitol Solution
Syrup
Trehalose

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
Canola Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Hydrogenated Polydecene
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Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil
~

Polyoxyl 15 Hydroxystearate~NF28
Safflower Oil
Sesame Oil
Soybean Oil
Squalane

SOLID CARRIER

&Chitosan&1S (NF29)

Corn Syrup Solids
&Alpha-Lactalbumin&1S (NF28)
Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Sugar Spheres

STERILE

rAlbumin Human
Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

Change to read:

Wetting and/or Solubilizing Agent

Benzalkonium Chloride
Benzethonium Chloride

&Betadex Sulfobutyl Ether Sodium&1S (NF29)

Cetylpyridinium Chloride
Docusate Sodium
Nonoxynol 9
Octoxynol 9
Poloxamer
Polyoxyl 10 Oleyl Ether
~

Polyoxyl 15 Hydroxystearate~NF28
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Pullulan
Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Tyloxapol
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of ethyl acrylate, methyl methacrylate, and a low content ofNF MONOGRAPHS methacrylic acid ester with quaternary ammonium groups
(trimethylammonioethyl methacrylate chloride).▲NF30 The assay
requirements differ for the two types as set forth in the accom-
panying table.

Ammonio Methacrylate Units,BRIEFING Dried Basis (%)
Type Min. Max.

A 8.85 11.96Ammonio Methacrylate Copolymer,  NF 27 page 1163. On
B 4.48 6.77the basis of comments and data received, it is proposed to make

the following revisions.
1.  Add chemical structure, chemical names, and CAS number. IDENTIFICATION
2.  Update the monograph Definition. • A. INFRARED ABSORPTION 〈197K〉
3.  Replace current Identification test B with a test which is

based on the Assay.
Change to read:4.  In the Assay, replace mercuric acetate with cupric (II)

acetate which is less toxic and less dangerous to the
environment.

• B. PROCEDURE5.  In the test for Limit of Monomers, delete a requirement for
Sample:  A few mL of the solution prepared for the Viscositycapacity factors, and add a NOTE to indicate the relative
testretention times for the monomers. Change the requirement

Analysis:  Pour the Sample onto a polytef sheet or glass plate,for relative standard deviation from “NMT 2.0%” to “NMT
and allow the solvent to evaporate.5.0%”. Change the specification limit for ethyl acrylate to

Acceptance criteria:  A clear film results.“NMT 100 ppm”.
▲It meets the requirements of the Assay.▲NF306.  In the test for Viscosity, introduce a lower limit for viscosity.

For this type of viscometer, shear rate can be obtained via ASSAYcalculation. Therefore, remove the detailed dimensional
parameter information for the viscometer under Analysis to
appear as footnotes, and provide clarification. Change to read:

• PROCEDURE
(EM2: H. Wang.) RTS—C72176 Sample:  1 g of Ammonio Methacrylate Copolymer Type A, or

2 g of Type B, previously dried
Titrimetric system
(See Titrimetry 〈541〉.)

. Mode:  Direct titrationAmmonio Methacrylate Copolymer Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric

Analysis
Sample:  SampleAdd the following:
Dissolve the Sample in a mixture of 96 mL of glacial acetic
acid and 4 mL of water. Add 5 mL of mercuric acetate TS.
▲Dissolve the Sample in 75 mL of glacial acetic acid at

▲
about 50° within 30 min. After the solution cools down to
room temperature, add 25 mL of 0.6% cupric acetate in
glacial acetic acid.▲NF30 Titrate this solution and a blank, and
make any necessary corrections. Each mL of 0.1 N perchlo-
ric acid is equivalent to 20.772 mg of ammonio methacry-
late (C9H18ClNO2) units.

Acceptance criteria
Type A:  8.85%–11.96%
Type B:  4.48%–6.77%

Ratio of ethyl acrylate groups to methyl methacrylate groups to IMPURITIES
trimethylammonioethyl methacrylate groups is about 1:2:0.2 as Inorganic Impurities
being Type A or 1:2:0.1 as being Type B. • RESIDUE ON IGNITION 〈281〉:  NMT 0.1%
Poly(ethyl acrylate, methyl methacrylate, trimethylammonioethyl • HEAVY METALS, Method II 〈231〉:  NMT 20 ppm

methacrylate chloride) (1:2:0.2);
Ethyl acrylate–methyl methacrylate–trimethylammonioethyl

Change to read:methacrylate chloride copolymer (1:2:0.2);
Poly(ethyl acrylate, methyl methacrylate, trimethylammonioethyl

methacrylate chloride) (1:2:0.1);
Organic ImpuritiesEthyl acrylate–methyl methacrylate–trimethylammonioethyl
• PROCEDURE: LIMIT OF MONOMERSmethacrylate chloride copolymer (1:2:0.1) [33434-24-1].▲NF30

Sodium perchlorate solution:  35 mg/mL of sodium perchlo-
rate (NaClO4 · H2O)DEFINITION

Mobile phase:  Dilute phosphoric acid with water to obtain a
solution with a pH of 2.0. Mix four volumes of this solution

Change to read: with one volume of methanol.
Standard stock solution:  1.6 mg/mL of ethyl acrylate and
0.2 mg/mL of methyl methacrylate in methanolAmmonio Methacrylate Copolymer is a fully polymerized co- Standard solution:  Dilute 1 mL of the Standard stock solutionpolymer of acrylic and methacrylic acid esters with a low con- with methanol to 100 mL. Add 10 mL of this solution to 5tent of quaternary ammonium groups▲polymerized copolymer
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mL of the Sodium perchlorate solution. ▲This solution contains machined chamber (or tube).1  Pipet the Sample solution in
about 10.67 µg/mL of ethyl acrylate and 1.33 µg/mL of the specified volume, which is recommended by the instru-
methyl methacrylate.▲NF30 ment manufacturer, into the chamber (or tube), and ensure

Sample solution:  Dissolve 5 g of Ammonio Methacrylate Co- that the temperature of the test specimen is at 20 ± 0.1°. The
polymer in methanol, and dilute with the same solvent to 50 cylindrical spindle rotates at the value of rpm, which corre-
mL. Add 5 mL of the Sodium perchlorate solution dropwise to sponds to a rate of shear of approximately 37 s−1.2  Measure
10 mL of this solution while continuously stirring. Remove the apparent viscosity following the instrument manufacturer’s
the precipitated polymer by centrifugation. Use the clear su- directions.▲NF30

pernatant. ▲Calculate the concentration of Ammonio Acceptance criteria:   NMT 15 centipoises▲1–15 mPa · s▲NF30

Methacrylate Copolymer, in mg/mL, as CU.▲NF30
ADDITIONAL REQUIREMENTSChromatographic system
• PACKAGING AND STORAGE:  Preserve in tight containers, and(See Chromatography 〈621〉, System Suitability.)

store at a temperature not exceeding 30°.Mode:  LC
• LABELING:  Label it to state whether it is Type A or Type B.Detector:  UV 202 nm
• USP REFERENCE STANDARDS 〈11〉Column:  4.6-mm × 12-cm; packing L1

USP Ammonio Methacrylate Copolymer, Type A RSFlow rate:  2 mL/min
Poly(ethyl acrylate, methyl methacrylate, trimethylam-Injection size:  50 µL
monioethyl methacrylate chloride) (1:2:0.2).System suitability

Ethyl acrylate–methyl methacrylate–trimethylammonioethylSample:  Standard solution
methacrylate chloride copolymer (1:2:0.2).▲[NOTE—The relative retention times for ethyl acrylate and

USP Ammonio Methacrylate Copolymer, Type B RSmethyl methacrylate are 1.00 and 1.14, respectively.]▲NF30
Poly(ethyl acrylate, methyl methacrylate, trimethylam-Suitability requirements
monioethyl methacrylate chloride) (1:2:0.1).Resolution:  NLT 1.0 between the pair of analytes

Ethyl acrylate–methyl methacrylate–trimethylammonioethylCapacity factors:  9.8 and 11.3 for ethyl acrylate and
methacrylate chloride copolymer (1:2:0.1).methyl methacrylate, respectively

▲
▲NF30

Relative standard deviation:  NMT 2.0%▲5.0%▲NF30 for
each analyte

BRIEFINGAnalysis
Samples:  Standard solution and Sample solution
Calculate the percentage of ethyl acrylate (or methyl

Diethyl Sebacate,  page 1203 of PF 35(5). On the basis ofmethacrylate) in the portion of Ammonio Methacrylate Co-
comments and data received, it is proposed to make the follow-polymer taken:
ing revisions:

Result = (rU/rS) × (CS/CU) × F × 100 1.  Change the Assay based on titration to a gas chromato-
graphic (GC) method. The GC procedure in the Assay is

rU = peak response of ethyl acrylate (or methyl based on analyses using the J & W Scientific DB-1 brand of
methacrylate) from the Sample solution G1 column. In the Assay, the retention time for dibutyl

rS = peak response of ethyl acrylate (or methyl sebacate and methyl heptadecanoate is approximately 11.6
methacrylate) from the Standard solution and 14.2 min, respectively.

CS = concentration of ethyl acrylate (or methyl 2.  Replace Identification test B with one based on peak identifi-
methacrylate) in the Standard solution (µg/mL) cation that uses USP Diethyl Sebacate RS in the Assay.

CU = concentration of Ammonio Methacrylate Co-
polymer in the Sample solution (mg/mL)

F = conversion factor, 10-3 mg/µg (EXC: H. Wang.) RTS—C93530Acceptance criteria
Ethyl acrylate:  NMT 250 ppm▲NMT 100 ppm▲NF30

Methyl methacrylate:  NMT 50 ppm

SPECIFIC TESTS
• LOSS ON DRYING 〈731〉:  Dry a sample in a vacuum at 80° for 5 Add the following:

h: it loses NMT 3.0% of its weight.

.Change to read: ▲Diethyl Sebacate

• VISCOSITY 〈911〉
Sample solution:  Place 52.5 g of isopropyl alcohol and 35.0 g
of acetone in a conical flask with a ground-glass joint. Add a
quantity of Ammonio Methacrylate Copolymer, equivalent to  12.5 g of solids on the dried basis, while stirring until the pol-
ymer has dissolved completely. CH3CH2OOC(CH2)8COOCH2CH3Analysis:  Equip a suitable rotational viscosimeter with an
adapter system consisting of a measuring cylinder and a spin- C14H26O4 258.35
dle. The measuring cylinder has an internal diameter of 2.762

Decanedioic acid, 1,10-diethyl ester;cm and a depth of 13.50 cm; the spindle is 2.515 cm in
Diethyl 1,10-decanedioate [110-40-7].diameter, 9.074 cm in height, and has a shaft 0.40 cm in

diameter. Transfer 16 mL of the solution into the measuring
▲1 A commercial device is available from Brookfield as an ultra-low (UL) viscositycylinder, and adjust the temperature of the solution and the adapter. The adapter comprises a 0.4-cm diameter shaft, an accuratelyadapter to 20 ± 0.1°. With the spindle rotating at 30 rpm, machined chamber (or tube) with an internal diameter of 2.8 cm and a depthimmediately observe and record the scale reading. Convert of 13.5 cm, and a cylindrical spindle 2.5 cm in diameter and 9.1 cm in height.the scale reading to centipoises by multiplying the reading by 2 For the Brookfield UL adapter, the cylindrical spindle rotates at 30 rpm, whichthe constant for the viscosimeter, adapter system, and speed corresponds to a rate of shear of approximately 37 s−1.▲NF30used.▲Equip a suitable rotational viscometer with an adapter

comprising a cylindrical spindle rotating within an accurately
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DEFINITION RU = ratio of the peak response of diethyl sebacate to
Diethyl Sebacate consists of the diester of alcohol and sebacic that of methyl heptadecanoate from the Sample

acid. It contains NLT 98.0% and NMT 100.5% of C14H26O4. solution
RS = ratio of the peak response of diethyl sebacate to

IDENTIFICATION that of methyl heptadecanoate from the Stan-
• A. INFRARED ABSORPTION 〈197F〉 dard solution
• B.  It meets the requirements of the test for Refractive IndexThe CS = concentration of USP Diethyl Sebacate RS in the

retention time of the major peak of the Sample solution corre- Standard solution (mg/mL)
sponds to that of the Standard solution, as obtained in the CU = concentration of Diethyl Sebacate in the Sample
Assay. solution (mg/mL)

Acceptance criteria:  98.0%–100.5%
ASSAY
• PROCEDURE IMPURITIES

Analysis:  Determine the Ester value, IE, as directed in Fats and Inorganic Impurities
Fixed Oils, Ester Value 〈401〉. • RESIDUE ON IGNITION 〈281〉:  NMT 0.10%
Calculate the percentage of C14H26O4 in the portion of Diethyl • HEAVY METALS, Method II 〈231〉:  NMT 20 ppm
Sebacate taken:

SPECIFIC TESTS
• SPECIFIC GRAVITY 〈841〉:  0.958–0.968 at 20°Result = [(IE × MW1)/(MW2 × N)] × F × 100
• REFRACTIVE INDEX 〈831〉:  1.435–1.437 at 20°

MW1 = molecular weight of C14H26O4, 258.35 g/mol • FATS AND FIXED OILS, Acid Value 〈401〉:  NMT 0.5
MW2 = molecular weight of potassium hydroxide, • FATS AND FIXED OILS, Iodine Value 〈401〉:  NMT 0.5

56.11 g/mol
ADDITIONAL REQUIREMENTSN = ester group number per C14H26O4, 2
• PACKAGING AND STORAGE:  Preserve in tight containers, andF = conversion factor, 10−3 g/mg

store in a cool, dry, and well-ventilated place.Acceptance criteria:  98.0%–100.5%
• USP REFERENCE STANDARDS 〈11〉Internal standard solution:  0.9 mg/mL of methyl heptadeca-

USP Diethyl Sebacate RS▲NF30noate in alcohol
Standard solution:  1.0 mg/mL of USP Diethyl Sebacate RS in
the Internal standard solution

Sample solution:  1.0 mg/mL of Diethyl Sebacate in the Inter-
BRIEFINGnal standard solution

Chromatographic system
(See Chromatography 〈621〉, System Suitability.)

Diethylene Glycol Monoethyl Ether,  NF 27 page 1226. OnMode:  GC
the basis of comments received from the FDA, it is proposed toDetector:  Flame ionization
revise the Labeling section under Additional Requirements to re-Column:  0.53-mm × 30-m fused silica capillary column; 1.5-
flect the inactive ingredient’s permitted use in the approved dos-µm layer of phase G1
age form appearing in FDA’s Inactive Ingredient Database. Addi-Temperature
tionally, the sample in the Assay section was clarified.Detector:  300°

Injection port:  300°
Column:  See Table 1.

(EM1: R. Lafaver.) RTS—C89139
Table 1

Hold Time
Initial Temperature Final at Final .

Temperature Ramp Temperature Temperature Diethylene Glycol Monoethyl Ether
(°) (°/min) (°) (min)
150 — 150 5
150 10 250 5  

Carrier gas:  Helium
C6H14O3 134.17Linear velocity:  50 cm/s

Injection size:  1 µL DEFINITIONInjection type:  Split injection. The split ratio is about 3:1 Diethylene Glycol Monoethyl Ether contains NLT 99.0% andSystem suitability NMT 101.0% of C6H14O3. It is produced by condensation ofSample:  Standard solution ethylene oxide and alcohol, followed by distillation.[NOTE—The relative retention times for diethyl sebacate and
methyl heptadecanoate are 1.0 and 1.2, respectively.] IDENTIFICATION

Suitability requirements • A. INFRARED ABSORPTION 〈197F〉:  Potassium bromide plates be-
Resolution:  NLT 2.0 between diethyl sebacate and methyl ing used
heptadecanoate • B.  The retention time of the major peak of the Sample solution

Relative standard deviation:  NMT 2.0%, ratio of the peak corresponds to that of the System suitability solution, as ob-
response of diethyl sebacate to that of methyl tained in the Assay.
heptadecanoate

Analysis
Samples:  Standard solution and Sample solution
Calculate the percentage of C14H26O4 in the portion of Diethyl
Sebacate taken:

Result = (RU/RS) × (CS/CU) × 100
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ASSAY Transfer 5 mL of the liquid ethylene oxide to a 100-mL
beaker chilled in a mixture of sodium chloride and wet ice
(1:3). Using a gas-tight gas chromatographic syringe thatChange to read: has been previously cooled to −10°, transfer 300 µL (corre-
sponding to about 250 mg) of liquid ethylene oxide to the
polyethylene glycol 200, and swirl gently to mix. Replace• PROCEDURE
the stopper, reweigh the flask, and determine the amount▲Sample:  Diethylene Glycol Monoethyl Ether (neat)▲USP35
of ethylene oxide absorbed by weight difference. Adjust theSystem suitability solution:  1 mg/mL each of 2-methoxyeth-
weight of the mixture with polyethylene glycol 200 toanol, 2-ethoxyethanol, ethylene glycol, diethylene glycol, and
100.0 g, replace the stopper, and swirl gently to mix. ThisUSP Diethylene Glycol Monoethyl Ether RS in methanol
stock solution contains 2.5 mg/g of ethylene oxide. [NOTE—Chromatographic system
Prepare this Ethylene oxide stock solution fresh just before(See Chromatography 〈621〉, System Suitability.)
use, and store in a refrigerator.]Mode:  GC

Ethylene oxide standard solution A:  Tare a glass-stopperedDetector:  Flame ionization
conical flask, and chill it in a refrigerator. Add 35 mL of poly-Column:  0.32-mm × 30-m fused-silica column bonded with
ethylene glycol 200, and reweigh the flask. Use a gas-tighta 1.0-µm layer of phase G46
gas chromatographic syringe that has been chilled in a refrig-Temperature
erator, and transfer 1 g of the chilled Ethylene oxide stockInjector:  250°
solution to the tared, conical flask. Adjust the weight of theDetector:  275°
solution with polyethylene glycol 200 to 50.0 g, replace theColumn:  See the temperature program table below.
stopper, and swirl gently to mix. Transfer 10 g of this solu-
tion to a 50-mL volumetric flask. Add 30 mL of water, and

Hold Time at mix. Dilute with water to volume, and mix to obtain a solu-
Initial Temperature Final Final tion containing 10 µg/mL of ethylene oxide. [NOTE—Prepare

Temperature Ramp Temperature Temperature this solution fresh just before use, and store in a refrigerator.]
(°) (°/min) (°) (min) Ethylene oxide standard solution B:  Transfer 10.0 mL of
120 — 120 1 Ethylene oxide standard solution A to a 50-mL volumetric flask,
120 12 225 2 and dilute with water to volume to obtain a solution contain-

ing 2 µg/mL of ethylene oxide. [NOTE—Prepare this solution
Carrier gas:  Helium fresh just before use, and store in a refrigerator.]
Flow rate:  2.2 mL/min System suitability solution:  Transfer 0.5 mL of Ethylene oxide
Injection size:  0.5 µL standard solution B to a 10-mL pressure headspace vial, and

System suitability add 0.1 mL of Acetaldehyde solution and 0.1 mL of water,
Sample:  System suitability solution seal the vial, and mix. Heat the mixture at 70° for 45 min.
[NOTE—The relative retention times for 2-methoxyethanol, 2- Standard solution:  Transfer 1 g of Diethylene Glycol
ethoxyethanol, ethylene glycol, diethylene glycol monoethyl Monoethyl Ether to a 10-mL pressure headspace vial, and
ether, and diethylene glycol are about 0.40, 0.43, 0.50, add 0.5 mL of Ethylene oxide standard solution B and 0.5 mL
0.93, and 1.0, respectively.] of water. Seal the vial, and mix. Heat the mixture at 70° for

Suitability requirements 45 min.
Resolution:  NLT 2.0 between 2-ethoxyethanol and ethyl- Sample solution:  Transfer 1 g of Diethylene Glycol
ene glycol Monoethyl Ether to a 10-mL pressure headspace vial, add 1

Relative standard deviation:  NMT 2.0%, determined from mL of water, seal the vial, and mix. Heat the mixture at 70°
diethylene glycol monoethyl ether for 45 min.

Analysis Chromatographic system
Sample:  Diethylene Glycol Monoethyl Ether (neat) (See Chromatography 〈621〉, System Suitability.)
Calculate the percentage of C6H14O3 in the portion of [NOTE—The use of a headspace apparatus that automatically
Diethylene Glycol Monoethyl Ether taken: transfers a measured amount of headspace is allowed.]

Mode:  GC
Result = (rU/rT) × 100 Detector:  Flame ionization

Column:  0.32-mm × 30-m glass or quartz capillary column
rU = peak response for diethylene glycol monoethyl bonded with a 1.0-µm layer of phase G1

ether Temperature
rT = sum of the responses of all the peaks Injector:  150°

Acceptance criteria:  99.0%–101.0% Detector:  250°
Column:  See the temperature program table below.IMPURITIES

Organic Impurities
Hold Time at• PROCEDURE 1: LIMIT OF FREE ETHYLENE OXIDE

Initial Temperature Final FinalAcetaldehyde solution:  10 µg/mL of acetaldehyde. [NOTE—
Temperature Ramp Temperature TemperaturePrepare fresh just before use.]

(°) (°/min) (°) (min)Ethylene oxide stock solution
[CAUTION—Ethylene oxide is toxic and flammable. Prepare 50 — 50 5
these solutions in a well-ventilated fume hood, using great 50 5 180 —
care. Protect both hands and face by wearing polyethylene 180 30 230 5protective gloves and an appropriate face mask.]

[NOTE—Before using the polyethylene glycol 200 in this test, Carrier gas:  Helium
remove any volatile components from it by placing 500 Flow rate:  1 mL/min
mL of the polyethylene glycol 200 in a 1000-mL round Injection size:  1 mL
bottom flask, attaching the flask to a rotary evaporator, System suitability
and evaporating at a temperature of 60° and at a pressure Sample:  Gaseous headspace of System suitability solution
of 1.5–2.5 kPa for 6 h.] [NOTE—The relative retention times for acetaldehyde and

Fill a chilled pressure bottle with liquid ethylene oxide, and ethylene oxide are about 0.94 and 1.0, respectively.]
store in a freezer when not in use. Use a small piece of Suitability requirements
polyethylene film to protect the liquid from contact with Resolution:  NLT 2.0 between the acetaldehyde and ethyl-
the rubber gasket. Tare a glass-stoppered conical flask, add ene oxide peaks
50 mL of polyethylene glycol 200, and reweigh the flask.
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Relative standard deviation:  NMT 15% Acceptance criteria:  The acid value so obtained is NMT 0.1.
Analysis • FATS AND FIXED OILS, Peroxide Value 〈401〉:  NMT 8.0, 2 g being

Samples:  Gaseous headspace of Standard solution and the used
Sample solution. [NOTE—Use a heated, gas-tight gas chro-

ADDITIONAL REQUIREMENTSmatographic syringe.]
• PACKAGING AND STORAGE:  Preserve in tight containers under anCalculate the amount of ethylene oxide in the portion of

atmosphere of an inert gas, at a temperature not exceedingDiethylene Glycol Monoethyl Ether taken:
35°.

Result = rU/[(rS × WU) − (rU × WS)]

Change to read:rU = ethylene oxide peak area response from the
Sample solution

rS = ethylene oxide peak area response from the • LABELING:  The label indicates that▲Label it to indicate that it is
Standard solution intended for topical use only and▲USP35 it is stored under an

WU = weight of Diethylene Glycol Monoethyl Ether atmosphere of an inert gas.
taken to prepare the Sample solution (g) • USP REFERENCE STANDARDS 〈11〉

WS = weight of Diethylene Glycol Monoethyl Ether USP Diethylene Glycol Monoethyl Ether RS
taken to prepare the Standard solution (g)

Acceptance criteria:  NMT 1 µg/g
• PROCEDURE 2: LIMIT OF 2-METHOXYETHANOL, 2-ETHOXYETHANOL,

ETHYLENE GLYCOL, AND DIETHYLENE GLYCOL BRIEFING
Sample, System suitability solution, Chromatographic sys-
tem, and System suitability:  Proceed as directed in the
Assay. Ethylcellulose Dispersion Type B.  On the basis of data andAnalysis:  Proceed as directed in the Assay. comments received, a new NF monograph is being proposedCalculate the percentage of 2-methoxyethanol in the portion based on the validated methods.of Diethylene Glycol Monoethyl Ether taken: —  The gel permeation chromatographic procedure in the As-

say for Ethylcellulose and the Content of Medium-Chain Tri-Result = (rU/rT) × 100 glycerides is based on analyses performed using the Shodex
KF-801 brand of column that contains 6-µm packing L21.rU = peak response for 2-methoxyethanol
The typical retention times for ethylcellulose and medium-rT = sum of all the peak responses
chain triglycerides are 11.4 and 13.5 min, respectively.Calculate the percentage of 2-ethoxyethanol in the portion of

—  The gas chromatographic (GC) procedures in the tests forDiethylene Glycol Monoethyl Ether taken:
Content of Oleic Acid and Content of Dibutyl Sebacate and
Oleic Acid are based on analyses using the Restek StabilwaxResult = (rU/rT) × 100
DA brand of G25 (or G35) column. In the test for Content
of Oleic Acid, the retention time for oleic acid is about 18.5rU = peak response for 2-ethoxyethanol
min. In the test for Content of Dibutyl Sebacate and OleicrT = sum of all the peak responses
Acid the retention time of oleic acid is 1.45 relative toCalculate the percentage of ethylene glycol in the portion of
dibutyl sebacate.Diethylene Glycol Monoethyl Ether taken:

—  The GC procedure in the test for Limit of Glycerin is based
Result = (rU/rT) × 100 on analyses performed using the Restek RTX 1301 brand of

G43. The retention time of glycerin is approximately 3.8
rU = peak response for ethylene glycol min.
rT = sum of all the peak responses —  The GC procedure in the test for Limit of 1-Butanol is based
Calculate the percentage of diethylene glycol in the portion of on analyses performed using the J & W DB Wax brand of
Diethylene Glycol Monoethyl Ether taken: G16. The retention time of 1-butanol is approximately 7.8

min.
Result = (rU/rT) × 100

rU = peak response for diethylene glycol
(EM2: H. Wang. NOM: A. Wilk.) RTS—C90780rT = sum of all the peak responses

Acceptance criteria:  See Impurity Table 1.

Impurity Table 1

Acceptance Criteria, Add the following:
Name  NMT (ppm) 

2-Methoxyethanol 50
.2-Ethoxyethanol 160
▲Ethylcellulose Dispersion Type BEthylene glycol 620

Diethylene glycol 150
DEFINITION
A stabilized dispersion of ethylcellulose in water. It contains NLT

SPECIFIC TESTS 90.0% and NMT 110.0% of the labeled amount of Ethylcel-
• REFRACTIVE INDEX 〈831〉:  1.426–1.428 at 20° lulose. It may contain suitable amounts of plasticizers, stabiliz-
• WATER DETERMINATION, Method I 〈921〉:  NMT 0.1%, deter- ers, and glidants.

mined on a 10-g specimen
• FATS AND FIXED OILS, Acid Value 〈401〉 IDENTIFICATION

[NOTE—This test must be performed promptly after sampling • A. FILM FORMATION
to avoid oxidation of the sample specimen.] Analysis:  Transfer an appropriate quantity of Ethylcellulose

Analysis:  Dissolve 30 g of Diethylene Glycol Monoethyl Ether Dispersion Type B to a clear glass plate, distribute evenly, and
in 30 mL of neutralized alcohol. Add 1 mL of phenolphthalein place in a laboratory oven at about 60° until dry. [NOTE—It
TS, and titrate with 0.01 N alcoholic potassium hydroxide VS may take less than 60 min]
to produce a permanent, faint pink color.
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Acceptance criteria:  A continuous transparent or translucent Standard solution:  Transfer 375 mg of USP Ethylcellulose RS,
film is formed. 60 mg of medium-chain triglycerides, and 40 mg of USP Oleic

• B. INFRARED ABSORPTION Acid RS, to a 100-mL volumetric flask, add 70 mL of tetrahy-
Analysis:  Use the film prepared in Identification test A and per- drofuran and shake by mechanical means until the ethylcel-
form Infrared Absorption 〈197A〉. lulose is dissolved. Dilute with tetrahydrofuran to volume. The

Standard spectrum:  Perform Infrared Absorption 〈197A〉 using Standard solution contains 3.75 mg/mL of USP Ethylcellulose
USP Ethylcellulose RS. RS, 0.6 mg/mL of medium-chain triglycerides, and 0.4 mg/mL

Acceptance criteria:  The IR absorption spectrum of the film of USP Oleic Acid RS. [NOTE—Oleic acid is included in the
so formed in the 3600–2600 cm-1 and 1500–800 cm-1 regions Standard solution to assist with consistent integration between
exhibits maxima corresponding to the same wave numbers as Standard and Sample solutions.]
Standard spectrum. System suitability

• C.  The retention time of ethylcellulose peak of the Sample so- Sample:  Standard solution
lution corresponds to that of the Standard solution, as obtained [NOTE—The relative retention times for ethylcellulose, me-
in the Assay. [NOTE—Plasticizer and/or stabilizer peaks may be dium-chain triglycerides, and oleic acid are 1.00, 1.18, and
present in the chromatogram.] 1.25, respectively.]

Suitability requirements
ASSAY Relative standard deviation:  NMT 5.0% determined for
• PROCEDURE the medium-chain triglycerides peak

Mobile phase:  Tetrahydrofuran Resolution:  NLT 2.0 between ethylcellulose and medium-
Standard solution:  Transfer 375 mg of USP Ethylcellulose RS chain triglycerides
to a 100-mL volumetric flask, add 70 mL of tetrahydrofuran Analysis
and shake by mechanical means until the ethylcellulose is dis- Samples:  Standard solution and Sample solution
solved, dilute with tetrahydrofuran to volume. The Standard Calculate the percentage of medium-chain triglycerides in the
solution contains 3.75 mg/mL of USP Ethylcellulose RS. portion of Ethylcellulose Dispersion Type B taken:

Sample solution:  Add 30 mL of tetrahydrofuran to 1.0 g of
Ethylcellulose Dispersion Type B in a 50-mL volumetric flask, Result = (rU/rS) × (CS/CU) × 100
and mix the mixture on a suitable shaker for 15 min. Dilute
with tetrahydrofuran to volume, and mix. The Sample solution rU = peak response of medium-chain triglycerides
contains 20 mg/mL of Ethylcellulose Dispersion Type B in tet- from the Sample solution
rahydrofuran. [NOTE—If Ethylcellulose Dispersion Type B con- rS = peak response of medium-chain triglycerides
tains inorganic insoluble material, a portion of the Sample so- from the Standard solution
lution should be centrifuged at 15,800 × g for NLT 15 min.] CS = concentration of medium-chain triglycerides in

Chromatographic system the Standard solution (mg/mL)
(See Chromatography 〈621〉, System Suitability.) CU = concentration of Ethylcellulose Dispersion Type B
Mode:  LC in the Sample solution (mg/mL)
Detector:  Refractive Index Acceptance criteria:  The percentage content of medium-
Column:  8.0-mm × 30-cm; 6-µm packing L21 chain triglycerides falls within the quantity range indicated by
Temperature the Labeling. The ratio of medium-chain triglycerides to

Detector:  45° ethylcellulose is less than 0.25.
Column:  45° • CONTENT OF OLEIC ACID

Flow rate:  0.5 mL/min Standard solution:  1.68 mg/mL of USP Oleic Acid RS in
Injection size:  20 µL tetrahydrofuran.

System suitability Sample solution:  Add 15 mL of tetrahydrofuran to 2.0 g of
Sample:  Standard solution Ethylcellulose Dispersion Type B in a 25-mL volumetric flask,
Suitablity requirements and mix the mixture on a suitable shaker for 15 min. Dilute

Relative standard deviation:  NMT 5.0% determined for with tetrahydrofuran to volume, and mix. The Sample solution
the ethylcellulose peak contains 80 mg/mL of Ethylcellulose Dispersion Type B in

Tailing factor:  NMT 2.0 for the ethylcellulose peak tetrahydrofuran.
Analysis Chromatographic system
Samples:  Standard solution and Sample solution (See Chromatography 〈621〉, System Suitability.)
Calculate the percentage of ethylcellulose in the portion of Mode:  GC
Ethylcellulose Dispersion Type B taken: Detector:  Flame ionization

Column:  0.53-mm × 30-m capillary column; 0.25-µm layer
Result = (rU/rS) × (CS/CU) × 100 of phase G25 (or G35)

Temperature
rU = peak response of ethylcellulose from the Sample Detector:  280°

solution Injection port:  280°
rS = peak response of ethylcellulose from the Standard Column:  See the temperature program table below.

solution
CS = concentration of USP Ethylcellulose RS in the

Hold Time atStandard solution (mg/mL)
Initial Temperature Final FinalCU = concentration of Ethylcellulose Dispersion Type B

Temperature Ramp Temperature Temperaturein the Sample solution (mg/mL)
(°) (°/min) (°) (min)Acceptance criteria:  90.0%–110.0%
120 — 120 5

OTHER COMPONENTS 120 10 250 20
[NOTE—Perform the test for individual plasticizers, stabilizers, or

glidants only if they are included in the Labeling.]
• CONTENT OF MEDIUM-CHAIN TRIGLYCERIDES

Mobile phase, Sample soluton, and Chromatographic sys-
tem:  Prepare as directed in the Assay for Ethylcellulose.
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Carrier gas:  Helium rU = peak response of each component (dibutyl seba-
Flow rate:  7.0 mL/min cate or oleic acid) from the Sample solution
Injection size:  1.0 µL rS = peak response of each component (dibutyl seba-
Injection type:  Splitless cate or oleic acid) from the Standard solution

System suitability CS = concentration of each component (USP Dibutyl
Sample:  Standard solution Sebacate RS or USP Oleic acid RS) in the Stan-
[NOTE—The retention time for oleic acid is about 18.5 min.] dard solution (mg/mL)

Suitability requirements CU = concentration of Ethylcellulose Dispersion Type B
Relative standard deviation:  NMT 5.0% in the Sample solution (mg/mL)

Analysis Acceptance criteria
Samples:  Standard solution and Sample solution Dibutyl sebacate:  The percentage content falls within the
Calculate the percentage of oleic acid in the portion of quantity range indicated by the Labeling. The ratio of dibutyl
Ethylcellulose Dispersion Type B taken: sebacate to ethylcellulose is less than 0.25.

Oleic acid:  The percentage content falls within the quantity
Result = (rU/rS) × (CS/CU) × 100 range indicated by the Labeling. The ratio of oleic acid to

ethylcellulose is less than 0.15.
rU = peak response of oleic acid from the Sample solu-

tion IMPURITIES
rS = peak response of oleic acid from the Standard Inorganic Impurities

solution • RESIDUE ON IGNITION 〈281〉:  NMT 1.95%. [NOTE—Perform this
CS = concentration of USP Oleic acid RS in the Stan- test only if Ethylcellulose Dispersion Type B contains inorganic

dard solution (mg/mL) nonvolatile material.]
CU = concentration of Ethylcellulose Dispersion Type B Organic Impurities

in the Sample solution (mg/mL) • PROCEDURE 1: LIMIT OF GLYCERIN
Acceptance criteria:  The percentage content of oleic acid falls [NOTE—Perform this test only if Ethylcellulose Dispersion Type
within the quantity range indicated by the Labeling. The ratio B contains glycerides.]
of oleic acid to ethylcellulose is less than 0.15. Standard solution:  0.05 mg/mL of USP Glycerin RS in

• CONTENT OF DIBUTYL SEBACATE AND OLEIC ACID methanol
Standard solution:  0.74 mg/mL of USP Dibutyl Sebacate RS Sample solution:  Add 15 mL of methanol to 2.0 g of
and 0.48 mg/mL of USP Oleic Acid RS in tetrahydrofuran tEthylcellulose Dispersion Type B in a 25-mL volumetric flask,

Sample solution:  Add 25 mL of tetrahydrofuran to 1.0 g of and mix the mixture on a suitable shaker for 15 min. Dilute
Ethylcellulose Dispersion Type B in a 50-mL volumetric flask, with methanol to volume, and mix. The Sample solution con-
and mix the mixture on a suitable shaker for 15 min. Dilute tains 80 mg/mL of Ethylcellulose Dispersion Type B in
with tetrahydrofuran to volume, and mix. The Sample solution methanol.
contains 20 mg/mL of Ethylcellulose Dispersion Type B in tet- Chromatographic system
rahydrofuran. [NOTE—If Ethylcellulose Dispersion Type B con- (See Chromatography 〈621〉, System Suitability.)
tains inorganic insoluble material, a portion of the Sample so- Mode:  GC
lution should be centrifuged at 15,800 × g for NLT 15 min.] Detector:  Flame ionization

Chromatographic system Column:  0.53-mm × 30-m capillary column; 3.0-µm layer
(See Chromatography 〈621〉, System Suitability.) of phase G43
Mode:  GC Temperature
Detector:  Flame ionization Detector:  280°
Column:  0.53-mm × 15-m capillary column; 0.1-µm layer of Injection port:  280°
phase G25 (or G35) Column:  See the temperature program table below.

Temperature
Detector:  280°

Hold Time atInjection port:  280°
Initial Temperature Final FinalColumn:  See the temperature program table below.

Temperature Ramp Temperature Temperature
(°) (°/min) (°) (min)

Hold Time at 120 10 150 2
Initial Temperature Final Final 150 15 240 20

Temperature Ramp Temperature Temperature
(°) (°/min) (°) (min) Carrier gas:  Helium
150 — 150 2 Flow rate:  10.0 mL/min

Injection size:  1.0 µL150 10 250 10
Injection type:  Splitless

Carrier gas:  Helium System suitability
Flow rate:  5.0 mL/min Sample:  Standard solution
Injection size:  0.5 µL [NOTE—The retention time for glycerin is about 3.8 min.]
Injection type:  Split (ratio about 10:1) Suitability requirements

System suitability Relative standard deviation:  NMT 5.0%
Sample:  Standard solution Tailing factor:  NMT 2.5
[NOTE—The relative retention times for dibutyl sebacate and Analysis
oleic acid are 1.00 and 1.45, respectively.] Samples:  Standard solution and Sample solution

Suitability requirements Calculate the percentage of glycerin in the portion of
Relative standard deviation:  NMT 5.0% Ethylcellulose Dispersion Type B taken:
Resolution:  NLT 2.0 between dibutyl sebacate and oleic

Result = (rU/rS) × (CS/CU) × 100acid
Analysis

rU = peak response of glycerin from the Sample solu-Samples:  Standard solution and Sample solution
tionCalculate the percentage of each component (dibutyl sebacate

rS = peak response of glycerin from the Standard so-or oleic acid) in the portion of Ethylcellulose Dispersion Type
lutionB taken:

CS = concentration of USP Glycerin RS in the Standard
solution (mg/mL)Result = (rU/rS) × (CS/CU) × 100
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CU = concentration of Ethylcellulose Dispersion Type B bubbles dissipate. Keep the sample free from entrapped air
in the Sample solution (mg/mL) bubbles and uniform in temperature. Stir the dispersion in the

Acceptance criteria:  NMT 0.6% beaker at low agitation speed to ensure homogeneity, making
• PROCEDURE 2: LIMIT OF 1-BUTANOL sure that no air bubbles are incorporated. Determine viscosity

[NOTE—Perform this test only if Ethylcellulose Dispersion Type at 25 ± 0.1°, using a suitable rotational viscometer with a spin-
B contains butyl esters.] dle having a cylinder 4.7 cm in diameter and 0.2 cm high

Standard solution:  0.1 mg/mL of USP 1-Butanol RS in attached to a shaft 0.3 cm in diameter, the distance from the
methanol top of the cylinder to the lower tip of the shaft being 2.7 cm,

Sample solution:  Add 15 mL of methanol to 2.0 g of and the immersion depth being 4.9 cm.1 Operate the viscom-
Ethylcellulose Dispersion Type B in a 25-mL volumetric flask, eter at 20 rpm. Follow the instrument manufacturer’s direc-
and mix the mixture on a suitable shaker for 15 min. Dilute tions to measure the apparent viscosity.
with methanol to volume, and mix. The Sample solution con- Acceptance criteria:  400–1500 mPa · s
tains 80 mg/mL of Ethylcellulose Dispersion Type B in metha-

ADDITIONAL REQUIREMENTSnol. [NOTE—If Ethylcellulose Dispersion Type B contains inor-
• PACKAGING AND STORAGE:  Preserve in tight containers at a tem-ganic insoluble material, a portion of the Sample solution

perature below 25°. Protect from freezing.should be centrifuged at 15,800 × g for 30 min.]
• LABELING:  The labeling states the percentage of ethylcellulose.Chromatographic system

Label it to indicate the names and quantity ranges of any(See Chromatography 〈621〉, System Suitability.)
added plasticizers, stabilizers, and glidants. Label it to indicateMode:  GC
whether any fatty acid components, or fatty acid-containingDetector:  Flame ionization
components are derived from animal, vegetable, or syntheticColumn:  0.53-mm × 30-m capillary column; 1.0-µm layer
sources.of phase G16

• USP REFERENCE STANDARDS 〈11〉Temperature
USP 1-Butanol RSDetector:  250°
1-Butanol.Injection port:  250°
C4H10O 74.12Column:  See the temperature program table below.

USP Dibutyl Sebacate RS
Decanedioic acid.

Hold Time at Dibutyl ester.
Initial Temperature Final Final C18H34O4 314.46

Temperature Ramp Temperature Temperature USP Ethylcellulose RS
(°) (°/min) (°) (min) Cellulose, ethyl ether.
45 — 45 5 Cellulose ethyl ether.

USP Glycerin RS45 10 80 —
1,2,3-Propanetriol.80 20 220 10
Glycerol.

USP Oleic Acid RSCarrier gas:  Helium
9-Octadecenoic acid, (Z)-.Flow rate:  10.0 mL/min
Oleic acid.Injection size:  0.5 µL
C18H34O2 282.46▲NF30Injection type:  Splitless

System suitability
Sample:  Standard solution
[NOTE—The retention time for 1-butanol is about 7.8 min.]

BRIEFINGSuitability requirements
Relative standard deviation:  NMT 5.0%
Tailing factor:  NMT 2.0

Analysis Methacrylic Acid Copolymer Dispersion,   page R-424 of the
Samples:  Standard solution and Sample solution NF 28 Reissue. On the basis of comments and data received, it is

Calculate the percentage of 1-butanol in the portion of proposed to make the following revisions.
Ethylcellulose Dispersion Type B taken: 1.  Methacrylic Acid Copolymer is divided into two new

monographs: Methacrylic Acid and Methyl Methacrylate
Result = (rU/rS) × (CS/CU) × 100 Copolymer and Methacrylic Acid and Ethyl Acrylate Co-

polymer. Three proposals for these three copolymers were
rU = peak response of 1-butanol from the Sample so- published in PF 35(4), and were adopted into the Second

lution Supplement to the USP 33–NF 28 Reissue. Therefore, the title
rS = peak response of 1-butanol from the Standard for “Methacrylic Acid Copolymer Dispersion” is recom-

solution mended to be changed to “Methacrylic Acid and Ethyl Ac-
CS = concentration of USP 1-Butanol RS in the Stan- rylate Copolymer Dispersion”. This revised monograph is

dard solution (mg/mL) proposed for inclusion in USP 35–NF 30, with an official
CU = concentration of Ethylcellulose Dispersion Type B date of May 1, 2012. Use of the name Methacrylic Acid

in the Sample solution (mg/mL) and Ethyl Acrylate Copolymer Dispersion will be permitted
Acceptance criteria:  NMT 0.2% as of May 1, 2012, however its use will not be mandatory

until May 1, 2017. The 60-month extension will provideSPECIFIC TESTS the time deemed necessary for labeling changes to be• PH 〈791〉:  9.5–11.5 made for the article and the numerous preparations in• TOTAL SOLIDS which it is an ingredient, as well as for practitioners, con-Analysis:  Place 3 g (4 mm in diameter) glass beads in an alu- sumers, and regulatory agencies to become familiar withminum dish, and weigh. Add 10 g of Ethylcellulose Dispersion the new terminology.Type B, and again weigh. Dry at about 105° for 3 h. Deter- 2.  Replace Identification test B with a test which is based onmine percent total solids in Ethylcellulose Dispersion Type B. the Assay.Acceptance criteria:  23.0%–26.0% 3.  Update the titration Assay.• VISCOSITY 〈911〉 4.  In the test for Limit of Monomers, change the relative stan-Sample:  500 mL of Ethylcellulose Dispersion Type B dard deviation from 2.0% to 5.0%, and introduce an ex-Analsysis:  Transfer the Sample to a beaker with an inside di-
ameter of 83 mm. Place the beaker in a water bath, cover 1 A commercial instrument is available as an RV2 spindle from Brookfield.
with a watchglass, allow to equilibrate at 25 ± 0.1°, and let air

2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
 R

ev
is

io
n



Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1639

ample for centrifugation conditions in a preparation of IMPURITIES
Sample solution. Inorganic Impurities

5.  Add a microbial limit test. • RESIDUE ON IGNITION 〈281〉:  Using mild heating conditions
6.  Update the USP Reference Standards section. (e.g., steam bath, sand bath) to avoid loss of material, evapo-

rate the Dispersion to dryness prior to ignition: NMT 0.2%
residue is obtained, calculated on the undried Dispersion
basis.(EM2: H. Wang.) RTS—C91835 • HEAVY METALS, Method II 〈231〉:  Using mild heating conditions
(e.g., steam bath, sand bath) to avoid loss of material, evapo-
rate the Dispersion to dryness prior to wetting with sulfuric
acid and ignition: the color of the solution from the Test Prep-

.

aration is not darker than that of the solution from the Stan-Methacrylic Acid Copolymer Dispersion dard Preparation (20 ppm).
(Title for this monograph—not to change until May 1, 2017)
(Prior to May 1, 2017, the current practice of labeling the article

Change to read:of commerce with the name Methacrylic Acid Copolymer Disper-
sion may be continued. Use of the name Methacrylic Acid and
Ethyl Acrylate Copolymer Dispersion will be permitted as of May Organic Impurities1, 2012, but the use of this name will not be mandatory until ▲• LIMIT OF MONOMERSMay 1, 2017. The 60-month extension will provide the time Sodium perchlorate solution:  Dissolve 3.5 g of sodium per-needed by manufacturers and users to make necessary chlorate in 100 mL of water. This solution has a concentra-changes.) tion of 0.25 M.

Mobile phase:  Add phosphoric acid dropwise to water toDEFINITION
obtain a solution having a pH of 2.0. Prepare a mixture ofMethacrylic Acid Copolymer Dispersion is an aqueous dispersion
this acidified water and methanol (80:20), and degas.of Methacrylic Acid and Ethyl Acrylate Copolymer in water. It

Standard solution:  Dissolve 0.01 g of methacrylic acid andcontains, on the basis of the calculated amount of dry sub-
0.01 g of ethyl acrylate in 5 mL of butanol, and add metha-stance in the Dispersion, NLT 46.0% and NMT 50.6% of
nol to make exactly 100 mL. Transfer 1.0 mL of this solutionmethacrylic acid units. It may contain suitable surface-active
to a 100-mL volumetric flask, and dilute with methanol toagents.
volume. Mix 5.0 mL of this solution with 5.0 mL of Sodium
perchlorate solution, accurately measured. This solution con-IDENTIFICATION
tains about 0.5 µg/mL each of methacrylic acid and ethyl• A. INFRARED ABSORPTION 〈197K〉:  Proceed as directed, except
acrylate.to use the residue obtained in the test for Loss on Drying as

Sample solution:  Transfer a quantity of Dispersion, equiva-the sample.
lent to 3 g of solids on the dried basis, to a 50-mL volumetric
flask, dilute with methanol to volume, and mix. Add 5 mL of

Change to read: this solution dropwise while continuously stirring into a
beaker that contains 5.0 mL of Sodium perchlorate solution,
accurately measured. Remove the precipitated polymer by• B. PROCEDURE centrifugation ▲(e.g., NLT 5000 × g for NLT 5 min).▲NF30 UseSample solution:  Mix 10 g with 0.3 g of triethyl citrate. the clear supernatant.Analysis:  Pour the Sample solution onto a glass plate, and al- Chromatographic systemlow the water to evaporate. (See Chromatography 〈621〉, System Suitability.)Acceptance criteria:  A clear film is formed. Mode:  LC▲It meets the requirements of the Assay.▲NF30 Detector:  UV 202 nm
Column:  4.0-mm × 12.5-cm; 7-µm packing L1ASSAY
Flow rate:  2 mL/min
Injection size:  20 µL

Change to read: System suitability
Sample:  Standard solution
[NOTE—The relative retention times for methacrylic acid• PROCEDURE and ethyl acrylate are 1.0 and 2.6, respectively.]Sample:  2.5 g of the Dispersion Suitability requirements

▲Titrimetric system Resolution:  NLT 2.0 between methacrylic acid and ethyl(See Titrimetry 〈541〉.) acrylateMode:  Direct titration Relative standard deviation:  NMT 2.0%▲5.0%,▲NF30 de-Titrant:  0.1 N sodium hydoxide VS termined from each analyteEndpoint detection:  Potentiometric▲NF30 AnalysisAnalysis:  Transfer the Sample in 100 mL of neutralized ace- Samples:  Standard solution and Sample solutiontone. Add 1 drop of phenolphthalein TS. Titrate the solution Calculate the percentage of each monomer in the solid por-with 0.1 N sodium hydroxide VS until a pink color persists for tion of the Dispersion taken:15 s.▲Titrate the solution as directed in Titrimetric system.▲NF30

Each mL of 0.1 N sodium hydroxide is equivalent to 8.609 mg Result = (rU/rS) × (C/W) × VF × D × F × 100
of methacrylic acid (C4H6O2) units.
Calculate, on the dried basis, the percentage of methacrylic rU = monomer (methacrylic acid or ethyl acrylate)
acid units in the portion of Dispersion taken: peak response from the Sample solution

rS = monomer (methacrylic acid or ethyl acrylate)
Result = [V × N/W × (100 − L)] × 860.9 peak response from the Standard solution

C = concentration of the monomer (methacrylic acidV = volume of titrant consumed (mL) or ethyl acrylate) in the Standard solutionN = normality of the titrant (µg/mL)W = weight of Dispersion taken (g) W = solid weight of the Dispersion, calculated on theL = percentage of the Loss on Drying value for the dried basis, taken to prepare the Sample solu-Dispersion tion (g)Acceptance criteria:  46.0%–50.6% based on the calculated VF = final volume of the Sample solution, 10 mLamount of dry substance in the Dispersion
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D = dilution factor for preparation of the Sample so- BRIEFING
lution, 10

F = conversion factor, 10−6 g/µg
Acceptance criteria:  NMT 0.01% of total monomers, based Methacrylic Acid and Ethyl Acrylate Copolymer Disper-on the weight of the solid of the Dispersion taken▲NF28 sion.   See the Briefing for Methacrylic Acid Copolymer

Dispersion.SPECIFIC TESTS
This monograph is proposed for inclusion in USP 35–NF 30, with

an official date of May 1, 2012. Use of the name Methacrylic
Change to read: Acid and Ethyl Acrylate Copolymer Dispersion will be permitted

as of May 1, 2012, however its use will not be mandatory until
May 1, 2017. The 60-month extension will provide the time

• COAGULUM CONTENT:  Weigh a stainless steel sieve having 90- deemed necessary for labeling changes to be made for the arti-
µm openings ▲or a suitable single-woven wire cloth with a cle and the numerous preparations in which it is an ingredient,
mesh width of 90 µm,▲NF28 and filter 100 g of the Dispersion as well as for practitioners, consumers, and regulatory agencies
through it. ▲[NOTE—Suitable single-woven wire cloth mesh to become familiar with the new terminology.
meets the requirements set in ISO 9044.]▲NF28 Wash the sieve
▲or the cloth▲NF28 with distilled water until a clear filtrate is
obtained and dry the sieve ▲or the cloth▲NF28 to constant

(EM2: H. Wang.) RTS—C91835weight at 110°: the weight of the residue does not exceed
1000 mg (1%).

• LOSS ON DRYING 〈731〉:  Dry a sample at 110° for 6 h: it loses
68.5%–71.5% of its weight.

Add the following:Add the following:

.▲• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED
▲Methacrylic Acid and Ethyl AcrylateMICROORGANISMS 〈62〉:  The total aerobic microbial count does

not exceed 1000 cfu/g, and the total combined molds and Copolymer Dispersion
yeasts count does not exceed 100 cfu/g.▲NF30 (Title for this monograph—to become official May 1, 2017)• PH 〈791〉:  2.0–3.0 (Prior to May 1, 2017, the current practice of labeling the article

of commerce with the name Methacrylic Acid Copolymer Disper-
sion may be continued. Use of the name Methacrylic Acid andChange to read:
Ethyl Acrylate Copolymer Dispersion will be permitted as of May
1, 2012, but the use of this name will not be mandatory until

• VISCOSITY 〈911〉:  ▲Equip a suitable rotational viscometer with May 1, 2017. The 60-month extension will provide the time
an adapter comprising a cylindrical spindle rotating within an needed by manufacturers and users to make necessary
accurately machined chamber (or tube).1 Mix the Dispersion, changes.)
pipet the test specimen in the specified volume, which is rec-

DEFINITIONommended by the instrument manufacturer, into the chamber
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion is an(or tube), and ensure that the temperature of the test speci-

aqueous dispersion of Methacrylic Acid and Ethyl Acrylate Co-men is at 20 ± 0.1°. The shear rate under the test condition is
polymer. It contains, on the basis of the calculated amount ofNLT 1 s−1 and NMT 100 s−1.2 Measure the apparent viscosity
dry substance in the Dispersion, NLT 46.0% and NMT 50.6%following the instrument manufacturer’s directions.
of methacrylic acid units. It may contain suitable surface-activeAcceptance criteria:  The viscosity is between 2 and
agents.15 mPa · s.▲NF28

IDENTIFICATIONADDITIONAL REQUIREMENTS
• A. INFRARED ABSORPTION 〈197K〉:  Proceed as directed, except

to use the residue obtained in the test for Loss on Drying as
Change to read: the sample.

• B.  It meets the requirements of the Assay.

• PACKAGING AND STORAGE:  ▲Preserve in tight containers. Store ASSAY
at controlled room temperature.▲NF28 Protect from freezing. • PROCEDURE

• LABELING:  The label indicates the name and amount of any Sample:  2.5 g of the Dispersion
substance added as a surface-active agent. Titrimetric system

(See Titrimetry 〈541〉.)
Mode:  Direct titrationChange to read:
Titrant:  0.1 N sodium hydoxide VS
Endpoint detection:  Potentiometric

• USP REFERENCE STANDARDS 〈11〉 Analysis:  Transfer the Sample in 100 mL of neutralized ace-
USP Methacrylic Acid Copolymer, Type C RS tone. Titrate the solution as directed in Titrimetric system. Each
▲USP Methacrylic Acid and Ethyl Acrylate Copolymer (1:1) RS mL of 0.1 N sodium hydroxide is equivalent to 8.609 mg of
(USP Methacrylic Acid Copolymer, Type C RS)▲NF30 methacrylic acid (C4H6O2) units.

Calculate, on the dried basis, the percentage of methacrylic
▲1 A commercial device is available from Brookfield as an ultra-low (UL) viscosity acid units in the portion of Dispersion taken:
adapter. The adapter comprises a 0.4-cm diameter shaft, an accurately
machined chamber (or tube) with an internal diameter of 2.8 cm and a depth Result = [V × N/W × (100 − L)] × 860.9
of 13.5 cm, and a cylindrical spindle 2.5 cm in diameter and 9.1 cm in
height.▲NF28 V = volume of titrant consumed (mL)
▲2 The cylindrical spindle rotates at 30 rpm.▲NF28 N = normality of the titrant

W = weight of Dispersion taken (g)
L = percentage of the Loss on Drying value for the

Dispersion
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Acceptance criteria:  46.0%–50.6% based on the calculated VF = final volume of the Sample solution, 10 mL
amount of dry substance in the Dispersion D = dilution factor for preparation of the Sample so-

lution, 10
IMPURITIES F = conversion factor, 10−6 g/µg
Inorganic Impurities Acceptance criteria:  NMT 0.01% of total monomers, based
• RESIDUE ON IGNITION 〈281〉:  Using mild heating conditions on the weight of the solid of the Dispersion taken

(e.g., steam bath, sand bath) to avoid loss of material, evapo-
rate the Dispersion to dryness prior to ignition: NMT 0.2% SPECIFIC TESTS
residue is obtained, calculated on the undried Dispersion • COAGULUM CONTENT:  Weigh a stainless steel sieve having 90-
basis. µm openings or a suitable single-woven wire cloth with a

• HEAVY METALS, Method II 〈231〉:  Using mild heating conditions mesh width of 90 µm, and filter 100 g of the Dispersion
(e.g., steam bath, sand bath) to avoid loss of material, evapo- through it. [NOTE—Suitable single-woven wire cloth mesh
rate the Dispersion to dryness prior to wetting with sulfuric meets the requirements set in ISO 9044.] Wash the sieve or
acid and ignition: the color of the solution from the Test Prep- the cloth with distilled water until a clear filtrate is obtained
aration is not darker than that of the solution from the Stan- and dry the sieve or the cloth to constant weight at 110°: the
dard Preparation (20 ppm). weight of the residue does not exceed 1000 mg (1%).

Organic Impurities • LOSS ON DRYING 〈731〉:  Dry a sample at 110° for 6 h: it loses
• LIMIT OF MONOMERS 68.5%–71.5% of its weight.

Sodium perchlorate solution:  Dissolve 3.5 g of sodium per- • MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI-
chlorate in 100 mL of water. This solution has a concentra- CROORGANISMS 〈62〉:  The total aerobic microbial count does
tion of 0.25 M. not exceed 1000 cfu/g, and the total combined molds and

Mobile phase:  Add phosphoric acid dropwise to water to yeasts count does not exceed 100 cfu/g.
obtain a solution having a pH of 2.0. Prepare a mixture of • PH 〈791〉:  2.0–3.0
this acidified water and methanol (80:20), and degas. • VISCOSITY 〈911〉:  Equip a suitable rotational viscometer with an

Standard solution:  Dissolve 0.01 g of methacrylic acid and adapter comprising a cylindrical spindle rotating within an ac-
0.01 g of ethyl acrylate in 5 mL of butanol, and add metha- curately machined chamber (or tube).1 Mix the Dispersion, pi-
nol to make exactly 100 mL. Transfer 1.0 mL of this solution pet the test specimen in the specified volume, which is recom-
to a 100-mL volumetric flask, and dilute with methanol to mended by the instrument manufacturer, into the chamber (or
volume. Mix 5.0 mL of this solution with 5.0 mL of Sodium tube), and ensure that the temperature of the test specimen is
perchlorate solution, accurately measured. This solution con- at 20 ± 0.1°. The shear rate under the test condition is NLT 1
tains about 0.5 µg/mL each of methacrylic acid and ethyl s−1 and NMT 100 s−1.2  Measure the apparent viscosity follow-
acrylate. ing the instrument manufacturer’s directions.

Sample solution:  Transfer a quantity of Dispersion, equiva- Acceptance criteria:  The viscosity is between 2 and 15
lent to 3 g of solids on the dried basis, to a 50-mL volumetric  mPa · s.
flask, dilute with methanol to volume, and mix. Add 5 mL of

ADDITIONAL REQUIREMENTSthis solution dropwise while continuously stirring into a
• PACKAGING AND STORAGE:  Preserve in tight containers. Store atbeaker that contains 5.0 mL of Sodium perchlorate solution,

controlled room temperature. Protect from freezing.accurately measured. Remove the precipitated polymer by
• LABELING:  The label indicates the name and amount of anycentrifugation (e.g., NLT 5000 × g for NLT 5 min). Use the

substance added as a surface-active agent.clear supernatant.
• USP REFERENCE STANDARDS 〈11〉Chromatographic system

USP Methacrylic Acid and Ethyl Acrylate Copolymer (1:1) RS(See Chromatography 〈621〉, System Suitability.)
(USP Methacrylic Acid Copolymer, Type C RS)▲NF30Mode:  LC

Detector:  UV 202 nm
Column:  4.0-mm × 12.5-cm; 7-µm packing L1
Flow rate:  2 mL/min

BRIEFINGInjection size:  20 µL
System suitability

Sample:  Standard solution
Zein,  NF 27 page 1380 and page 4215 of the Second Supple-[NOTE—The relative retention times for methacrylic acid
ment to NF 27. On the basis of comments and data received,and ethyl acrylate are 1.0 and 2.6, respectively.]
the following revisions are proposed:Suitability requirements
1.  Replace the current Identification test C with a test for SDS-Resolution:  NLT 2.0 between methacrylic acid and ethyl

Polyacrylamide Gel Electrophoresis that can specifically iden-acrylate
tify this protein.Relative standard deviation:  NMT 5.0%, determined

2.  Add a test for Organic Impurities, Limit of Hexane-Solublefrom each analyte
Matter. Depending on the corn source from which Zein isAnalysis
derived, the specification limit for hexane-soluble matter isSamples:  Standard solution and Sample solution
established. Additionally, a Labeling section is added to theCalculate the percentage of each monomer in the solid por-
monograph.tion of the Dispersion taken:

3.  Based on the article of commerce, the protein specification
Result = (rU/rS) × (C/W) × VF × D × F × 100 in the test for Protein Content is changed to

“81.9%–100.0%”.
rU = monomer (methacrylic acid or ethyl acrylate)

peak response from the Sample solution
rS = monomer (methacrylic acid or ethyl acrylate) (EM2: H. Wang.) RTS—C84055peak response from the Standard solution
C = concentration of the monomer (methacrylic acid 1 A commercial device is available from Brookfield as an ultra-low (UL) viscosityor ethyl acrylate) in the Standard solution adapter. The adapter comprises a 0.4-cm diameter shaft, an accurately(µg/mL) machined chamber (or tube) with an internal diameter of 2.8 cm and a depthW = solid weight of the Dispersion, calculated on the of 13.5 cm, and a cylindrical spindle 2.5 cm in diameter and 9.1 cm in height.dried basis, taken to prepare the Sample solu- 2 The cylindrical spindle rotates at 30 rpm.tion (g)
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. allow to stop on its own to collect any condensation on the
sides and top of the tube.Zein

Electrophoretic system
 [9010-66-6]. (See Electrophoresis 〈726〉.)

SDS-PAGE gel and apparatus set-up:  Following the manu-
DEFINITION facturer’s instructions, assemble and fill a precast 16% Tris-
Zein is a prolamine derived from corn [Zea mays Linné (Fam. Glycine Gel5  in an appropriate electrophoresis module.

Gramineae)]. Running Buffer:  Gel running buffer
Voltage:  100 VIDENTIFICATION Run time:  2.5 h or until the upper dye front is at the bottom• A. of the gel. [NOTE—The total run time may need to be alteredSample solution:  Dissolve 0.1 g in 10 mL of 0.1 N sodium depending on the molecular weight standards as well as lab-hydroxide. oratory equipment variability as the dye front may co-mi-Analysis:  To the Sample solution add a few drops of cupric grate with or close to the lowest bands of the set.]sulfate TS. Warm in a water bath. AnalysisAcceptance criteria:  A purple color develops. Samples:  Molecular weight standard solution and Sample• B. solutionSample solution:  In a test tube, add 1 mL of nitric acid to 25 Gel loading:  Load 25 µL of the Molecular weight standardmg of Zein. solution. Load a volume of the Sample solution, equal to ap-Analysis:  Agitate the Sample solution vigorously. proximately 25 µg of calculated Zein. [NOTE—The actualAcceptance criteria:  The solution becomes light yellow. Fur- amount of Zein extracted from the starting material cannotther addition of about 10 mL of 6 N ammonium hydroxide be quantified. Therefore an estimated amount is derived.]produces an orange color. Gel staining:  After electrophoreses, carefully remove the gel
from the plates. Rinse the gel three times with water. Stain
the gel by following the manufacturer’s directions for theDelete the following:
stain used.

Destaining:  After staining as directed by the manufacturer,
▲• C.  It is insoluble in water, but 100 mg/mL in a mixture of destain as directed by the manufacturer.

isopropyl alcohol and water (17:3), at a temperature of 37°, Gel scan procedure:  Set up a gel scanner according to the
yields a clear to cloudy solution.▲NF30 manufacturer’s instructions. Place the gel in the detector, and

obtain a single image of all loaded lines of the gel.
Acceptance criteria:  Zein has two major bands: the α band isAdd the following: at 21–25 kDa, and the β band is at 17–18 kDa.▲NF30

IMPURITIES▲• C. SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS Inorganic ImpuritiesSolvent:  55% isopropyl alcohol with 2% beta • RESIDUE ON IGNITION 〈281〉:  NMT 2.0%, using an ignition tem-mercaptoethanol perature of 800 ± 25°Sample loading buffer:1  0.5 M tris hydrochloride pH 6.8, • HEAVY METALS, Method II 〈231〉:  NMT 20 ppm20% glycerin, 4% sodium dodecyl sulfate (DSD), and 0.005%
bromophenol blue

Gel running buffer stock solution:2  0.25 M tris base pH 8.6, Add the following:
1.92 M glycine, and 1.0% SDS

Gel running buffer:  Gel running buffer stock solution and
▲Organic Impuritieswater (1:9)
• LIMIT OF HEXANE-SOLUBLE MATTERGel staining solution:  A suitable Coomassie blue based solu-

Sample:  15 g of Zeintion3 
Solvent:  Alcohol and water (17:3, w/w)Molecular weight marker:  Use a suitable molecular weight
Analysis:  Dissolve the Sample in 150 mL of Solvent. Stir themarker4 containing protein bands between 10 and 190 kDa. 
mixture using a magnetic stirrer and heat the solution to[NOTE—A molecular weight marker with protein bands be-
30°. Once the Sample is dissolved, transfer the solution to atween 10 and 100 KDa can also be used.]
500-mL separatory funnel.Molecular weight standard solution:  Dilute the Molecular
Add 60 mL of n-hexane. Shake the mixture and allow theweight marker (1:1) with the Sample loading buffer. Incubate
phases to separate. Discharge the bottom layer (alcohol) tothe mixture in a closed microcentrifuge tube for 10 min at
a beaker, and transfer the top layer (hexane) to a first 500-95°. After incubation, allow the tube to flash cool on ice.
mL flask. Weigh the first 500-mL flask and record thePlace the tube in a microcentrifuge, spin at a top speed for a
weight. Pour the bottom layer of alcohol back into the sep-few seconds, and allow to stop on its own to collect any con-
aratory funnel. Repeat this step four more times.densation on the sides and top of the tube.

After the five 60-mL hexane solutions have been added toSample stock solution:  10 mg/mL of Zein in Solvent. Mix on
the first 500-mL flask, attach it to a rotary evaporator toa vortex mixer until the sample is fully dissolved. Centrifuge at
distill the hexane. Collect the hexane in a second 500-mL10,000–12,000 rpm in a microcentrifuge with a fixed rotor for
flask.10 min to pellet any undissolved material.

The first 500-mL flask contains a yellow to reddish oil. RecordSample solution:  Dilute the Sample stock solution (1:1) with
the weight of the flask containing this oil.the Sample loading buffer. Incubate the mixture in a closed

Calculate the percentage of hexane-soluble matter in themicrocentrifuge tube for 10 min at 95°. After incubation, al-
portion of Zein taken:low the tube to flash cool on ice. Place the tube in a

microcentrifuge, spin at a top speed for a few seconds, and
Result = [(WT − WF)/W] × 100

1 Available from Invitrogen as Tris-Glycine SDS Sample Buffer (2X), Catalog
number LC2676. WT = weight of the flask (g)
2 Available from Invitrogen as Tris-Glycine SDS Running Buffer (10X), Catalog WF = weight of the first 500-mL flask (g)
number LC2675. W = weight of the Sample (g)
3 Available from Invitrogen as SimplyBlue Stain, Catalog number LC6065.

5 Available from Invitrogen, Catalog number EC6495. However, these are readily4 Available from Invitrogen as BenchMark Prestained Protein Ladder, Catalog
available from several other manufacturers.number 1074810.
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Acceptance criteria tein content in Zein by multiplying the percentage of nitrogen
For Zein from normal dent corn:  NMT 12.5% for hex- found by 6.25.
ane-soluble matter Acceptance criteria:  88.0%–96.0%▲81.9%–100.0%,▲NF30 cal-

For Zein from waxy corn:  NMT 16.0% for hexane-soluble culated on the dried basis
matter▲NF30

ADDITIONAL REQUIREMENTS
SPECIFIC TESTS • PACKAGING AND STORAGE:  Preserve in well-closed containers,
• LOSS ON DRYING 〈731〉:  Dry a sample at 105° for 2 h: it loses and store at room temperature.

NMT 8.0% of its weight.
• MICROBIAL ENUMERATION TESTS 〈61〉 and TESTS FOR SPECIFIED MI- Add the following:CROORGANISMS 〈62〉:  The total bacterial count does not exceed

1000 cfu/g, and the tests for Salmonella species and Escherichia
coli are negative. ▲• LABELING:  Label it to indicate the corn source from which it is

derived.▲NF30

Change to read:

• PROTEIN CONTENT
Analysis:  Proceed as directed under Nitrogen Determination,
Method I 〈461〉. Calculate the weight percentage of the pro-
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GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

BRIEFING

h1i Injections, page R-1025 of the Second Supplement to the
USP–NF 28 Reissue. It is proposed to delete the Pharmacy Bulk
Package and the Large- and Small-Volume Injections definitions
from General Chapter h1i Injections and move them into new
General Chapter h659i Packaging and Storage Requirements,
which appears elsewhere in this issue of PF.

(GCDF: D. Hunt) RTS—C94250

Change to read:

NOMENCLATURE AND DEFINITIONS

Nomenclature*

The following nomenclature pertains to five general types of
preparations, all of which are suitable for, and intended for, par-
enteral administration. They may contain buffers, preservatives,
or other added substances.
1. [DRUG] Injection—Liquid preparations that are drug sub-

stances or solutions thereof.
2. [DRUG] for Injection—Dry solids that, upon the addition of

suitable vehicles, yield solutions conforming in all respects
to the requirements for Injections.

3. [DRUG] Injectable Emulsion—Liquid preparations of drug
substances dissolved or dispersed in a suitable emulsion
medium.

4. [DRUG] Injectable Suspension—Liquid preparations of solids
suspended in a suitable liquid medium.

5. [DRUG] for Injectable Suspension—Dry solids that, upon the
addition of suitable vehicles, yield preparations conform-
ing in all respects to the requirements for Injectable Suspen-
sions.

Definitions

PHARMACY BULK PACKAGE

A Pharmacy bulk package is a container of a sterile preparation
for parenteral use that contains many single doses. The con-
tents are intended for use in a pharmacy admixture program
and are restricted to the preparation of admixtures for infusion
or, through a sterile transfer device, for the filling of empty ster-
ile syringes.

The closure shall be penetrated only one time after constitu-
tion with a suitable sterile transfer device or dispensing set
which allows measured dispensing of the contents. The Phar-
macy bulk package is to be used only in a suitable work area such
as a laminar flow hood (or an equivalent clean air compounding
area).

Designation as a Pharmacy bulk package is limited to prepara-
tions from Nomenclature categories 1, 2, or 3 as defined above.
Pharmacy bulk packages, although containing more than one
single dose, are exempt from the multiple-dose container vol-
ume limit of 30 mL and the requirement that they contain a
substance or suitable mixture of substances to prevent the
growth of microorganisms.

Where a container is offered as a Pharmacy bulk package, the
label shall (a) state prominently ‘‘Pharmacy Bulk Package—Not
for direct infusion,’’ (b) contain or refer to information on pro-
per techniques to help assure safe use of the product, and (c)
bear a statement limiting the time frame in which the container
may be used once it has been entered, provided it is held under
the labeled storage conditions.

LARGE- AND SMALL-VOLUME INJECTIONS

Where used in this Pharmacopeia, the designation Large-vol-
ume intravenous solution applies to a single-dose injection that is
intended for intravenous use and is packaged in containers la-
beled as containing more than 100 mL. The designation Small-
volume Injection applies to an Injection that is packaged in con-
tainers labeled as containing 100 mL or less.

~

~USP35

BIOLOGICS

The Pharmacopeial definitions for sterile preparations for par-
enteral use generally do not apply in the case of the biologics
because of their special nature and licensing requirements (see
Biologics h1041i).

Change to read:

PACKAGING

Containers for Injections

Containers, including the closures, for preparations for injec-
tions do not interact physically or chemically with the prepara-
tions in any manner to alter the strength, quality, or purity
beyond the official requirements under the ordinary or custom-
ary conditions of handling, shipment, storage, sale, and use.

* This nomenclature has been adopted by the USP Drug Nomenclature
Committee for implementation by supplemental revisions of USP 23–NF
18. For currently official monograph titles in the form Sterile [DRUG] that
have not yet been revised, the following nomenclature continues in use
in this Pharmacopeia: (1) medicaments or solutions or emulsions
thereof suitable for injection, bearing titles of the form[DRUG] Injec-
tion;(2) dry solids or liquid concentrates containing no buffers, diluents,
or other added substances, and which, upon the addition of suitable
solvents, yield solutions conforming in all respects to the requirements
for Injections, and which are distinguished by titles of the form Sterile
[DRUG]; (3) preparations the same as those described under (2) except
that they contain one or more buffers, diluents, or other added sub-
stances, and which are distinguished by titles of the form[DRUG] for In-
jection;(4) solids which are suspended in a suitable fluid medium and
which are not to be injected intravenously or into the spinal canal, dis-
tinguished by titles of the form Sterile [DRUG] Suspension; and (5) dry
solids which, upon the addition of suitable vehicles, yield preparations
conforming in all respects to the requirements for Sterile Suspensions,
and which are distinguished by titles of the form Sterile [DRUG] for Sus-
pension.
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The container is made of material that permits inspection of the
contents. The type of glass preferable for each parenteral prep-
aration is usually stated in the individual monograph. Unless
otherwise specified in the individual monograph, plastic con-
tainers may be used for packaging injections (see Con-
tainers—Plastics h661i).

For definitions of single-dose and multiple-dose containers,
see Containers in the General Notices and Requirements. Con-
tainers meet the requirements under Containers—Glass h660i
and Containers—Plastics h661i.

Containers are closed or sealed in such a manner as to pre-
vent contamination or loss of contents. Validation of container
integrity must demonstrate no penetration of microbial con-
tamination or chemical or physical impurities. In addition, the
solutes and the vehicle must maintain their specified total and
relative quantities or concentrations when exposed to anticipa-
ted extreme conditions of manufacturing and processing, and
storage, shipment, and distribution. Closures for multiple-dose
containers permit the withdrawal of the contents without re-
moval or destruction of the closure. The closure permits pene-
tration by a needle and, upon withdrawal of the needle, closes
at once, protecting the container against contamination. Vali-
dation of the multiple-dose container integrity must include
verification that such a package prevents microbial contamina-
tion or loss of product contents under anticipated conditions of
multiple entry and use.

Piggyback containers are usually intravenous infusion con-
tainers used to administer a second infusion through a connect-
or of some type or an injection port on the administration set of
the first fluid, thereby avoiding the need for another injection
site on the patient’s body. Piggyback containers are also known
as secondary infusion containers.

Potassium Chloride for Injection Concentrate

The use of a black closure system on a vial (e.g., a black flip-
off button and a black ferrule to hold the elastomeric closure) or
the use of a black band or series of bands above the constriction
on an ampul is prohibited, except for Potassium Chloride for In-
jection Concentrate.

Neuromuscular Blocking and Paralyzing
Agents

All injectable preparations of neuromuscular blocking agents
and paralyzing agents must be packaged in vials with a caution-
ary statement printed on the ferrules or cap overseals. Both the
container cap ferrule and the cap overseal must bear in black or
white print (whichever provides the greatest color contrast with
the ferrule or cap color) the words: ‘‘Warning: Paralyzing
Agent’’ or ‘‘Paralyzing Agent’’ (depending on the size of the
closure system). Alternatively, the overseal may be transparent
and without words, allowing for visualization of the warning la-
beling on the closure ferrule.

Containers for Sterile Solids

Containers, including the closures, for dry solids intended for
parenteral use do not interact physically or chemically with the
preparation in any manner to alter the strength, quality, or pu-
rity beyond the official requirements under the ordinary or cus-
tomary conditions of handling, shipment, storage, sale, and
use.

A container for a sterile solid permits the addition of a suitable
solvent and withdrawal of portions of the resulting solution or
suspension in such manner that the sterility of the product is
maintained.

Where the Assay in a monograph provides a procedure for
the Sample solution, in which the total withdrawable contents
are to be withdrawn from a single-dose container with a hypo-
dermic needle and syringe, the contents are to be withdrawn as
completely as possible into a dry hypodermic syringe of a rated

capacity not exceeding three times the volume to be with-
drawn and fitted with a 21-gauge needle not less than 2.5
cm (1 inch) in length, with care being taken to expel any air
bubbles, and discharged into a container for dilution and assay.

&Container Content

Each container of an injection contains sufficient excess to al-
low withdrawal of the labeled quantity of drug. Such withdraw-
al shall be performed according to labeled directions, if
provided.&2S (USP33)

DETERMINATION OF VOLUME OF INJECTION IN CONTAINERS

&This section is harmonized with the corresponding texts of
the European Pharmacopoeia and/or the Japanese Pharmaco-
poeia. These pharmacopeias have undertaken not to make
any unilateral change to this harmonized section. A portion of
the present text (see below) is national USP text, and therefore
not part of the harmonized text; it is marked with symbols (^^)
to specify this fact.&2S (USP33)

Suspensions and emulsions must be shaken before withdraw-
al of the contents and before the determination of the density.
Oily and viscous preparations may be warmed according to the
instructions on the label, if necessary, and thoroughly shaken
immediately before removing the contents. The contents are
then cooled to 208–258C before measuring the volume.
&^Sterile solid formulations must be constituted according to
labeled directions before removing the contents. Contents
are then to be measured following the procedures for suspen-
sions, emulsions, or solutions, as appropriate.^&2S (USP33)

Single-Dose Containers: Select 1 container if the volume
of the container is 10 mL or more, 3 containers if the nominal
volume is more than 3 mL and less than 10 mL, or 5 containers
if the nominal volume is 3 mL or less. Take up individually the
total contents of each container selected into a dry syringe of a
capacity not exceeding three times the volume to be measured
and fitted with a 21-gauge needle not less than 2.5 cm (1 inch)
in length. Expel any air bubbles from the syringe and needle,
and then discharge the contents of the syringe, without emp-
tying the needle, into a standardized, dry cylinder (graduated
to contain rather than to deliver the designated volumes) of
such size that the volume to be measured occupies at least
40% of its graduated volume. Alternatively, the volume of the
contents in mL may be calculated as the mass, in g, divided by
the density. For containers with a nominal volume of 2 mL or
less, the contents of a sufficient number of containers may be
pooled to obtain the volume required for the measurement,
provided that a separate, dry syringe assembly is used for each
container. The contents of containers holding 10 mL or more
may be determined by means of opening them and emptying
the contents directly into the graduated cylinder or tared bea-
ker.

The volume is not less than the nominal volume in the case of
containers examined individually or, in the case of containers
with a nominal volume of 2 mL or less, is not less than the
sum of the nominal volumes of the containers taken collectively.

Multi-Dose Containers: For Injections in multiple-dose
containers labeled to yield a specific number of doses of a stated
volume, select 1 container, and proceed as directed for single-
dose containers, using the same number of separate syringe as-
semblies as the number of doses specified. The volume is such
that each syringe delivers not less than the stated dose.

Injections in Cartridges or Prefilled Syringes: Select 1
container if the volume is 10 mL or more, 3 containers if the
nominal volume is more than 3 mL and less than 10 mL, or 5
containers if the nominal volume is 3 mL or less. If necessary, fit
the containers with the accessories required for their use (nee-
dle, piston, syringe) and transfer the entire contents of each
container without emptying the needle into a dry tared beaker
by slowly and constantly depressing the piston. Determine the
volume in mL, calculated as the mass, in g, divided by the den-
sity.
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The volume measured for each of the containers is not less
than the nominal volume.

Large-Volume Intravenous Solutions: For intravenous
solutions, select 1 container. Transfer the contents into a dry
measuring cylinder of such a capacity that the volume to be de-
termined occupies at least 40% of the nominal volume of the
cylinder. Measure the volume transferred.

The volume is not less than the nominal volume.

Labeling on Ferrules and Cap Overseals

Only cautionary statements are to appear on the top (circle)
surface of the ferrule or cap overseal of a vial containing an in-
jectable product. A cautionary statement is one intended to
prevent an imminent life-threatening situation if the injectable
drug is used inappropriately. Examples of such statements in-
clude but are not limited to the following: ‘‘Warning’’, ‘‘Dilute
Before Using’’, ‘‘Paralyzing Agent’’, ‘‘I.M. Use Only’’, and ‘‘Che-
motherapy’’.

The text must be in contrasting color and conspicuous under
ordinary conditions of use. The cautionary statement may ap-
pear solely on the ferrule, provided the cap overseal is con-
structed so as to allow the cautionary statement beneath the
cap to be readily legible.

Identifying numbers or letters, such as code numbers, lot
numbers, etc., may appear on the side (skirt) surface of the fer-
rule on vials containing injectable products. The appearance of
such identifying data on the skirt surface of the ferrule, placed
where it does not detract from, or interfere with, the cautionary
statement on the top surface, should be considered to be a
beneficial attribute of the in-process quality control of a product
throughout the manufacturing process. Any anticounterfeiting
scheme must not detract from or interfere with the cautionary
statements.

Under no circumstances would advertising such as company
names, logos, or product names be permitted to appear on the
top (circle) surface of any ferrule or cap overseal.

.(Indefinitely postponed). (RB 29-Jul-2009)

~

Busy healthcare practitioners using injectable prod-

ucts must be able to easily see and act on labeling state-

ments that convey important safety messages critical for

the prevention of imminent life-threatening situations.

These cautionary labeling statements must be simple,

concise, and devoid of nonessential information. Prod-

ucts that do not require such statements should be clear-

ly differentiated, so that those with cautionary

statements are immediately apparent. Accomplishing

this requires a systematic approach to labeling of inject-

able products, and one that assures that the ferrule and

cap overseal—an area of these products that is highly vis-

ible to practitioners as they use these medicines—is re-

served for critical safety messages. Accordingly:

1. Only cautionary statements may appear on the top

(circle) surface of the ferrule and/or cap overseal of a

vial containing an injectable product. A cautionary

statement is one intended to prevent an imminent

life-threatening situation and may include instruc-

tional statements that provide potency or other safe-

ty-related instructions if warranted. Examples of such

statements include but are not limited to: ‘‘Warning:

Paralyzing Agent’’ and ‘‘Dilute Before Using.’’ The

cautionary statement should be printed in a con-

trasting color and be clearly visible under ordinary

conditions of use. The cautionary statement should

appear on both the ferrule and cap but may appear

solely on the ferrule if the cap overseal is transparent

and the cautionary statement beneath the cap is

readily legible.

2. If no cautionary statement is necessary, the top sur-

face of the vial, including the ferrule and cap over-

seal, must remain blank.

3. Other statements or features including but not limi-

ted to identifying numbers or letters, such as code

numbers, lot numbers, company names, logos, or

product names, etc., may appear on the side (skirt)

surface of the ferrule on vials containing injectable

products but not on the top (circle) surface of the fer-

rule or cap overseal. The appearance of such state-

ments or features on the skirt surface of the ferrule

should not detract from, or interfere with, the cau-

tionary statement on the top surface.~USP34

Packaging and Storage

The volume of injection in single-dose containers provides
the amount specified for parenteral administration at one time
and in no case is more than sufficient to permit the withdrawal
and administration of 1 L.

Preparations intended for intraspinal, intracisternal, or peri-
dural administration are packaged only in single-dose con-
tainers.

Unless otherwise specified in the individual monograph, a
multiple-dose container contains a volume of Injection suffi-
cient to permit the withdrawal of not more than 30 mL.

The following injections are exempt from the 1-L restriction
of the foregoing requirements relating to packaging:
1. Injections packaged for extravascular use as irrigation solu-

tions or peritoneal dialysis solutions
2. Injections packaged for intravascular use as parenteral nu-

trition or as replacement or substitution fluid to be admin-
istered continuously during hemofiltration

Injections packaged for intravascular use that may be used for
intermittent, continuous, or bolus replacement fluid adminis-
tration during hemodialysis or other procedures, unless except-
ed above, must conform to the 1-L restriction.
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Injections labeled for veterinary use are exempt from packag-
ing and storage requirements concerning the limitation to sin-
gle-dose containers and the limitation on the volume of
multiple-dose containers.

BRIEFING

h3i Topical and Transdermal Drug Products—Product
Quality Tests, page 602 of PF 35(3) [May–June 2009]. This re-
vision to the proposed new general test chapter is based on
comments received during the public comment period and at
the workshop that was held at the USP headquarters in Septem-
ber 2009. A new general chapter, h1724i Topical and Transder-
mal Drug Products—Product Performance Tests, is under
development and will be published in a future issue of PF. After
its publication, a cross-reference to the new chapter will be add-
ed to general chapter h3i.

(GCDF: M. Marques) RTS—C84672

Add the following:

~h3i TOPICAL AND TRANSDERMAL
DRUG PRODUCTS—PRODUCT QUALITY

TESTS

Change to read:

i. Introduction

ii. Glossary of Terms

iii. Product Quality Tests for All Topically Applied

Drug Products

a. Product Quality Tests for Topical Drug Prod-

ucts Intended for Local Action

b. Product Quality Tests for Transdermal Drug

Products

iv. Product Performance Test for Topical Drug

Products

v. In Vitro Drug Release from Semisolid Dosage

Forms

a. Theory

b. Application of In Vitro Drug Release

I. INTRODUCTION

Drug products topically administered via the skin fall

into two general categories: those applied to achieve lo-

cal action and those to achieve systemic effects. Local ac-

tion can occur at or on the surface of the skin (the

stratum corneum) and also in the epidermis and/or der-

mis. Locally acting drug products include creams, gels,

ointments, pastes, suspensions, lotions, foams, sprays,

aerosols, and solutions. Creams, ointments, and gels

are generally referred to as semisolid dosage forms. Drug

products applied to the skin to achieve systemic effects

are referred to as self-adhering transdermal patches or

transdermal drug delivery systems (TDS).

Quality tests with procedures and acceptable criteria

for both types of topically administered drug products

can be divided into those that assess general quality at-

tributes and those that assess performance. The former

include identification, assay (strength), content uniformi-

ty, pH, microbial limits, and minimum fill. The latter as-

sess drug release from the finished dosage form. For

locally acting topical drug products, a product perfor-

mance test exists only for semisolid formulations. TDS

are physical devices that are applied to the skin and vary

in their composition and method of fabrication. They re-

lease their active ingredients by different mechanisms.

Several product performance tests are available to assess

in vitro drug release from TDS. Performance tests consid-

ered for topically applied products may also be applica-

ble to drug products of similar composition when

administered by other routes of administration, e.g.,

ophthalmic drug products.

II. GLOSSARY OF TERMS

Definitions of topical drug products, brief information

about their manufacture, and a glossary of dosage form

names can be found in the general information chapter

Pharmaceutical Dosage Forms h1151i.
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Absorption Bases—This class of bases may be divid-

ed into two groups: bases that permit the incorporation

of aqueous solutions with the formation of a water-in-oil

emulsion (e.g., Hydrophilic Petrolatum and Lanolin, both

USP), and water-in-oil emulsions that permit the incorpo-

ration of additional quantities of aqueous solutions (e.g.,

Lanolin, USP). Absorption bases also are useful as emol-

lients.

Choice of Base—The choice of an ointment base de-

pends on many factors, such as the action desired, the

nature of the medicament to be incorporated and its bio-

availability and stability, and the requisite shelf life of the

finished product. In some cases, it is necessary to use a

base that is less than ideal in order to achieve the stability

required. Drugs that hydrolyze rapidly, for example, are

more stable in hydrocarbon bases than in bases that con-

tain water, even though they may be more effective in

the latter.

Collodion—Collodion (pyroxylin solution; see USP

monograph Collodion) is a solution of nitrocellulose in

ether and acetone, sometimes with the addition of alco-

hol. As the volatile solvents evaporate, a dry celluloid-like

film is left on the skin. Because the medicinal use of a col-

lodion depends on the formation of a protective film, the

film should be durable, tenacious in adherence, flexible,

and occlusive.

Creams—Creams are semisolid dosage forms that

contain one or more drug substances dissolved or dis-

persed in a suitable base. This term traditionally has been

applied to semisolids that possess a relatively soft,

spreadable consistency formulated as either water-in-oil

or oil-in-water emulsions. However, more recently the

term has been restricted to products consisting of oil-

in-water emulsions or aqueous microcrystalline disper-

sions of long-chain fatty acids or alcohols that are water

washable and more cosmetically and aesthetically ac-

ceptable.

Emulsions—Emulsions are viscid multiphase systems

in which one or more liquids are dispersed throughout

another immiscible liquid in the form of small droplets.

When oil is the dispersed phase and an aqueous solution

is the continuous phase, the system is designated an oil-

in-water emulsion. Conversely, when water or an aque-

ous solution is the dispersed phase and oil or oleaginous

material is the continuous phase, the system is designa-

ted a water-in-oil emulsion. Emulsions are stabilized by

emulsifying agents that prevent coalescence, the merg-

ing of small droplets into larger droplets and, ultimately,

into a single separated phase. Emulsifying agents (surfac-

tants) act by concentrating at the interface between the

immiscible liquids, thereby providing a physical barrier

that reduces the tendency for coalescence. Surfactants

also reduce the interfacial tension between the phases,

facilitating the formation of small droplets upon mixing.

The term emulsion is not used if a more specific term is

applicable, e.g., cream or ointment.

Foams—Foams are emulsified systems packaged in

pressurized containers or special dispensing devices that

contain dispersed gas bubbles, usually in a liquid contin-

uous phase, that when dispensed have a fluffy, semisolid

consistency.

Gels—Gels (sometimes called jellies) are semisolid sys-

tems that consist of either suspensions composed of

small inorganic particles or large organic molecules inter-

penetrated by a liquid. When the gel mass consists of a

network of small discrete particles, the gel is classified as a

two-phase system (e.g., Aluminum Hydroxide Gel, USP). In

a two-phase system, if the particle size of the dispersed

phase is relatively large, the gel mass is sometimes re-

ferred to as a magma (e.g., Bentonite Magma, NF). Both

gels and magmas may be thixotropic, forming semisolids

after standing and becoming liquid when agitated. They

should be shaken before use to ensure homogeneity and

should be labeled to that effect (see Topical Suspensions,
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below). Single-phase gels consist of organic macromole-

cules uniformly distributed throughout a liquid with no

apparent boundary between the dispersed macromole-

cule and liquid.

Hydrocarbon Bases—Hydrocarbon bases, known

also as oleaginous ointment bases, are represented by

White Petrolatum and White Ointment (both USP). Only

small amounts of an aqueous component can be incor-

porated into these bases. Hydrocarbon bases keep me-

dicaments in prolonged contact with the skin and act

as occlusive dressings. These bases are used chiefly for

their emollient effects and are difficult to wash off. They

do not ‘‘dry out’’ or change noticeably on aging.

Lotions—Although the term lotion may be applied to

a solution, lotions usually are fluid, somewhat viscid

emulsion dosage forms for external application to the

skin. Lotions share many characteristics with creams.

See Creams, Topical Solutions, and Topical Suspensions,

herein.

Ointments—Ointments are semisolids intended for

external application to the skin or mucous membranes.

They usually contain less than 20% water and volatiles

and more than 50% hydrocarbons, waxes, or polyols

as the vehicle. Ointment bases recognized for use as ve-

hicles fall into four general classes: hydrocarbon bases,

absorption bases, water-removable bases, and water-sol-

uble bases. Each therapeutic ointment possesses as its

base one of these four general classes.

Ophthalmic Ointments—Ophthalmic ointments

are semisolids for application to the eye. Special precau-

tions must be taken in the preparation of ophthalmic

ointments. They are manufactured from sterilized in-

gredients under rigidly aseptic conditions, must meet

the requirements under Sterility Tests h71i, and must be

free of large particles. The medicinal agent is added to

the ointment base either as a solution or as a micronized

powder.

Pastes—Pastes are semisolid dosage forms that con-

tain a high percentage (often�50%) of finely dispersed

solids with a stiff consistency and intended for topical ap-

plication. One class is made from a single-phase aqueous

gel (e.g., Carboxymethylcellulose Sodium Paste, USP). The

other class, the fatty pastes (e.g., Zinc Oxide Paste, USP),

consists of thick, stiff ointments that do not ordinarily

flow at body temperature and therefore serve as protec-

tive coatings over the areas to which they are applied.

Powders—Powders are solids or mixture of solids in a

dry, finely divided state for external (or internal) use.

Sprays—Sprays are products formed by the genera-

tion of droplets of solution containing dissolved drug

for application to the skin or mucous membranes. The

droplets may be formed in a variety of ways but generally

result when a liquid is forced through a specially de-

signed nozzle assembly. One example of a spray dosage

form is a metered-dose topical transdermal spray that de-

livers a precisely controlled quantity of solution or sus-

pension on each activation.

Transdermal Delivery Systems (TDS)—TDS are

self-contained, discrete dosage forms that, when applied

to intact skin, are designed to deliver the drug(s) through

the skin to the systemic circulation. Systems typically

comprise an outer covering (barrier), a drug reservoir

that may have a drug release-controlling membrane, a

contact adhesive applied to some or all parts of the sys-

tem and the system/skin interface, and a protective liner

that is removed before the patient applies the system.

The dose of these systems is defined in terms of the re-

lease rate of the drug(s) from the system and surface area

of the patch and is expressed as mass per unit time for a

given surface area. With these drug products, the skin

typically is the rate-controlling membrane for the drug

input into the body. The total duration of drug release

from the system and system surface area also may be

stated.
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TDS work by diffusion: the drug diffuses from the drug

reservoir, directly or through the rate-controlling

membrane and/or contact adhesive if present, and then

through the skin into the general circulation. Typically,

modified-release systems are designed to provide drug

delivery at a constant rate so that a true steady-state

blood concentration is achieved and maintained until

the system is removed. Following removal of the system,

blood concentration declines at a rate consistent with

the pharmacokinetics of the drug.

Topical Aerosols—Topical aerosols are products that

are packaged under pressure. The active ingredients are

released in the form of fine liquid droplets or fine powder

particles upon activation of an appropriate valve system.

A special form is a metered-dose aerosol that delivers an

exact volume (dose) per each actuation.

Topical Solutions—Topical solutions are liquid pre-

parations that usually are aqueous but often contain oth-

er solvents such as alcohol and polyols that contain one

or more dissolved chemical substances intended for top-

ical application to the skin or, as in the case of Lidocaine

Oral Topical Solution, USP, to the oral mucosal surface.

Topical Suspensions—Topical suspensions are liquid

preparations that contain solid particles dispersed in a

liquid vehicle intended for application to the skin. Some

suspensions labeled as lotions fall into this category.

Water-removable Bases—Water-removable bases

are oil-in-water emulsions (e.g., Hydrophilic Ointment,

USP) and are more correctly called creams (see Creams,

above). They also are described as ‘‘water-washable’’ be-

cause they may be readily washed from the skin or cloth-

ing with water, an attribute that makes them more

acceptable for cosmetic purposes. Some medicaments

may be more effective in these bases than in hydrocar-

bon bases. Other advantages of the water-removable ba-

ses are that they can be diluted with water and that they

favor the absorption of serous discharges in dermatolog-

ical conditions.

Water-soluble Bases—This group of so-called ‘‘grea-

seless ointment bases’’ comprises water-soluble constitu-

ents. Polyethylene Glycol Ointment, NF, is the only

pharmacopeial preparation in this group. Bases of this

type offer many of the advantages of the water-remov-

able bases and, in addition, contain no water-insoluble

substances such as petrolatum, anhydrous lanolin, or

waxes. They are more correctly called gels (see Gels,

above).

III. PRODUCT QUALITY TESTS FOR ALL TOPICALLY

APPLIED DRUG PRODUCTS

Universal tests are listed below and should be applied

to all topically applied drug products.

Description—A qualitative description of the dosage

form should be provided. The acceptance criteria should

include the final acceptable appearance. If color changes

during storage, a quantitative procedure may be appro-

priate. It specifies the content or the label claim of the

article.

Identification—Identification tests are discussed in

Procedures under Tests and Assays in the General Notices

and Requirements. Identification tests should establish

the identity of the drug or drugs present in the article

and should discriminate between compounds of closely

related structure that are likely to be present. Identity

tests should be specific for the drug substances. The most

conclusive test for identity is the infrared absorption

spectrum (see Spectrophotometry and Light-Scattering

h851i and Spectrophotometric Identification Tests h197i).

If no suitable infrared spectrum can be obtained, other

analytical techniques can be used. Near infrared (NIR)

or Raman spectrophotometric methods also could be ac-

ceptable for the sole identification of the drug product

formulation (see Near-infrared Spectrophotometry

h1119i and Raman Spectroscopy h1120i). Identification

solely by a single chromatographic retention time is

not regarded as specific. However, the use of two chro-
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matographic procedures for which the separation is

based on different principles or a combination of tests

in a single procedure can be acceptable. See Chromatog-

raphy h621i and Thin-layer Chromatographic Identification

Test h201i.

Assay—A specific and stability-indicating test should

be used to determine the strength (content) of the drug

product. See Antibiotics—Microbial Assays h81i, Chromat-

ography h621i, or Assay for Steroids h351i. In cases when

the use of a nonspecific assay is justified (e.g., Titrimetry

h541i), other supporting analytical procedures should be

used to achieve overall specificity. A specific procedure

should be used when there is evidence of excipient inter-

ference with the nonspecific assay.

Impurities—Process impurities, synthetic by-prod-

ucts, and other inorganic and organic impurities may

be present in the drug substance and excipients used

in the manufacture of the drug product. These impurities

are controlled by the drug substance and excipients

monographs. Organic impurities arising from the degra-

dation of the drug substance and those arising during

the manufacturing process of the drug product should

be monitored.

In addition to the universal tests listed above, the fol-

lowing specific tests may be considered on a case-by-

case basis.

Physicochemical Properties—These are properties

such as pH h791i, Viscosity h911i, and Specific Gravity

h841i.

Uniformity of Dosage Units—This test is applicable

for TDS and for dosage forms packaged in single-unit

containers. It includes both the mass of the dosage form

and the content of the active substance in the dosage

form. The test can be performed by either content uni-

formity or weight variation (see Uniformity of Dosage

Units h905i).

Water Content—A test for water content should be

included when appropriate (see Water Determination

h921i).

Microbial Limits—The type of microbial test(s) and

acceptance criteria should be based on the nature of

the drug substance, method of manufacture, and the in-

tended use of the drug product. See Microbiological Ex-

amination of Nonsterile Products: Microbial Enumeration

Tests h61i and Microbiological Examination of Nonsterile

Products: Tests for Specified Microorganisms h62i).

Antimicrobial Preservative Content—Accep-

tance criteria for preservative content in multidose prod-

ucts should be established. They should be based on the

levels of antimicrobial preservative necessary to maintain

the product’s microbiological quality at all stages

throughout its proposed usage and shelf life (see Antimi-

crobial Effectiveness Testing h51i).

Antioxidant Preservative Content—If antioxidant

preservatives are present in the drug product, tests of

their content normally should be determined.

Sterility—Depending on the use of the dosage form

(e.g., ophthalmic preparations), sterility of the product

should be demonstrated as appropriate (see Sterility Tests

h71i).

III. a. PRODUCT QUALITY TESTS FOR TOPICAL

DRUG PRODUCTS INTENDED FOR LOCAL ACTION

Additional tests for locally acting topical dosage forms

are provided in this section. Some of these may also be

used for some nitroglycerin semisolids.

Viscosity—Rheological properties such as viscosity of

semisolid dosage forms can influence their drug delivery.

Viscosity may directly influence the diffusion rate of a

drug at the microstructural level. Yet semisolid drug

products with comparatively high viscosity still can ex-

hibit high diffusion rates when compared to semisolid

products of comparatively lower viscosity. These obser-
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vations emphasize the importance of rheologic proper-

ties of semisolid dosage forms, specifically viscosity, on

drug product performance.

Depending on its viscosity, the rheological behavior of

a semisolid drug product may affect its application to

treatment site(s) and consistency of treatment and thus

the delivered dose. Therefore, maintaining reproducibil-

ity of a product’s flow behavior at the time of release is an

important product manufacturing control that manufac-

turers should use to maintain and demonstrate batch-to-

batch consistency. Most semisolid dosage forms, when

sheared, exhibit non-Newtonian behavior. Structures

formed within semisolid drug products during manufac-

turing can show a wide range of behaviors, including

shear thinning viscosity, thixotropy, and structural dam-

age that may be irreversible or only partially reversible. In

addition, the viscosity of a semisolid dosage form is

highly influenced by factors such as the inherent physical

structure of the product, product sampling technique,

sample temperature for viscosity testing, container size

and shape, and specific methodology employed in the

measurement of viscosity.

A variety of methods can be used to characterize the

consistency of semisolid dosage forms, including pene-

trometry, viscometry, and rheometry. With all methods

significant attention is warranted to the shear history of

the sample. For semisolids, viscometer geometries typi-

cally fall into the following categories: concentric cylin-

ders, cone-plates, and spindles. Concentric cylinders

and spindles typically are used for more fluid, flowable

semisolid dosage forms. Cone-plate geometries are more

typically used when the sample size is small or the test

samples are more viscous and less flowable.

When contemplating what viscosity parameter(s) to

test, one must consider the properties of the semisolid

drug product both ‘‘at rest’’ (in its container) and as it

is sheared during application. The rheological properties

of the drug product at rest can influence the product’s

shelf life, and its properties under extensive shear can in-

fluence its spreadability and, therefore, its application

rate that will affect the safety and efficacy of the drug

product. Further, although it is necessary to precisely

control the temperature of the test sample during the vis-

cosity measurement, one should link the specific choice

of the temperature to the intended use of the drug pro-

duct (e.g., skin temperature for external application ef-

fects).

Because semisolid dosage forms frequently display

non-Newtonian flow properties, formulators should give

close attention to the shear history of the sample being

tested, such as the shear applied during the filling oper-

ation, shear applied dispensing the product from its con-

tainer, and shear when introducing the sample into the

viscometer. The point of reemphasizing this aspect is that

considerable variability and many failures to meet speci-

fications can be directly attributed to a lack of attention

to this detail rather than a change of viscosity (or flow

properties) of the drug product.

Tube (Content) Uniformity—Tube uniformity is the

degree of uniformity of the amount of active drug sub-

stance among containers, i.e., tubes containing multiple

doses of the semisolid topical product. The uniformity of

dosage is demonstrated by assay of top, middle, and bot-

tom samples (typically 0.25–1.0 g) obtained from a tube

cut open to withdraw respective samples for drug assay.

Various topical semisolid products may show some

physical separation at accelerated storage temperatures

because emulsions, creams, and topical lotions are prone

to mild separation due to the nature of the vehicle.

The following procedure should be followed for testing

tube uniformity of semisolid topical dosage forms:

1. Carefully remove or cut off the bottom tube seal and

make a vertical cut up the face of the tube. Then

carefully cut the tube around the upper rim and

pry open the two ‘‘flaps’’ to expose the semisolid.
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2. At the batch release and/or designated stability time

point remove and test 0.25- to 1.0-g samples from

the top, middle, and bottom of a tube. If assay values

for those tests are within 90.0%–110.0% of the la-

beled amount of active drug, and the relative stan-

dard deviation (RSD) is not more than 6%, then

the results are acceptable.

3. If at least one value of the testing described above is

outside 90.0%–110.0% of the labeled amount of

drug and none is outside 85.0%–115.0% and/or

the RSD is more than 6%, then test an additional

three randomly sampled tubes using top, middle,

and bottom samples as described. Not more than

3 of the 12 determinations should be outside the

range of 90%–110.0% of the labeled amount of

drug, none should be outside 85.0%–115.0%, and

the RSD should not be not more than 7%.

4. For very small tubes (e.g., 5 g or less), test only top

and bottom samples, and all values should be within

the range of 90.0%–110.0% of the labeled amount

of drug.

pH—When applicable, semisolid drug products should

be tested for pH at the time of batch release and desig-

nated stability test time points for batch-to-batch moni-

toring. Because most semisolid dosage forms contain

very limited quantities of water or aqueous phase, pH

measurements may be warranted only as a quality con-

trol measure, as appropriate.

Particle Size—Particle size of the active drug sub-

stance in semisolid dosage forms is determined and con-

trolled at the formulation development stage. When

applicable, semisolid drug products should be tested

for any change in the particle size or habit of the active

drug substance at the time of batch release and designa-

ted stability test time points (for batch-to-batch monitor-

ing) that could compromise the integrity and/or

performance of the drug product, as appropriate.

Ophthalmic Dosage Forms—Ophthalmic dosage

forms must meet the requirements of Sterility Tests

h71i. If the specific ingredients used in the formulation

do not lend themselves to routine sterilization tech-

niques, ingredients that meet the sterility requirements

described under Sterility Tests h71i, along with aseptic

manufacture, may be employed. Ophthalmic ointments

must contain a suitable substance or mixture of sub-

stances to prevent growth of, or to destroy, microorga-

nisms accidentally introduced when the container is

opened during use, unless otherwise directed in the indi-

vidual monograph or unless the formula itself is bacterio-

static (see Added Substances under Ophthalmic Ointments

h771i). The finished ointment must be free from large

particles and must meet the requirements for Leakage

and for Metal Particles in Ophthalmic Ointments h771i.

The immediate containers for ophthalmic ointments

shall be sterile at the time of filling and closing. It is man-

datory that the immediate containers for ophthalmic

ointments be sealed and tamper-proof so that sterility

is assured at time of first use.

III. b. PRODUCT QUALITY TESTS FOR

TRANSDERMAL DRUG PRODUCTS

The product quality tests for TDS drug products in-

clude assay, content uniformity, homogeneity, and adhe-

sive.

Uniformity of Dosage Units—This test is applicable

for TDS and for dosage forms that are packaged in single-

unit containers. It includes both the mass of the dosage

form and the content of the active substance in the dos-

age form. It can be done by either content uniformity or

weight variation (see Uniformity of Dosage Units h905i).

Assay of excipient(s) critical to the performance of the

product should be considered; e.g., residual solvent con-

tent can affect certain patches.
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Adhesive Test—Three types of adhesive tests gener-

ally are performed to ensure the performance of the TDS

dosage forms. These are the peel adhesion test, tack test,

and shear strength test. The peel adhesion test measures

the force required to peel away a transdermal patch at-

tached to a stainless steel test panel substrate at panel an-

gles of 908 or 1808 following a dwell time of 1 minute

and peel rate of 300 mm/minute.

The tack test is used to measure the tack adhesive pro-

perties of TDS dosage forms. With this test a probe

touches the adhesive surface with light pressure, and

the force required to break the adhesion after a brief pe-

riod of contact is measured.

The shear strength or creep compliance test is a mea-

sure of the cohesive strength of TDS dosage forms. Two

types of shear testing are performed: dynamic and static.

During dynamic testing the TDS is pulled from the test

panel at a constant rate. With the static test the TDS is

subjected to a shearing force by means of a suspended

weight.

Leak Test—A test that is discriminating and capable

of detecting sudden drug release, such as leakage, from

the TDS should be performed. Although form, fill, and

seal TDS are more likely to display leak problems, all

TDS should be checked for sudden drug release (dose

dumping) during release testing of the dosage form.

IV. PRODUCT PERFORMANCE TEST FOR TOPICAL

DRUG PRODUCTS

A performance test for topical drug products must

have the ability to measure drug release from the finished

dosage form. It must be reproducible and reliable, and

although it is not a measure of bioavailability, the perfor-

mance test must be capable of detecting changes in drug

release characteristics from the finished product. The lat-

ter have the potential to alter the biological performance

of the drug in the dosage form. Those changes may be

related to active or inactive/inert ingredients in the for-

mulation, physical or chemical attributes of the finished

formulation, manufacturing variables, shipping and stor-

age effects, aging effects, and other formulation factors

critical to the quality characteristics of the finished drug

product. Product performance tests can serve many use-

ful purposes in product development and in post-

approval drug product monitoring. They provide

assurance of equivalent performance for products that

have undergone postapproval raw material changes, re-

location or change in manufacturing site, and other

changes as detailed in the FDA’s Guidance for Industry

SUPAC-SS: Nonsterile Semisolid Dosage Forms; Scale-Up

and Postapproval Changes: Chemistry, Manufacturing,

and Controls; In Vitro Release Testing and In Vivo Bioequiv-

alence Documentation (May 1997) (avai lable at

www.fda.gov/cder/guidance/1447fnl.pdf). In this gen-

eral chapter, a USP performance test for semi-solid dos-

age forms to support batch release is considered. Details

of the procedure are provided in the general chapter Top-

ical and Transdermal Drug Products—Product Performance

Tests h725i (proposed).

V. IN VITRO DRUG RELEASE FROM SEMISOLID

DOSAGE FORMS

V. a. THEORY

The vertical diffusion cell (VDC) system is a simple, re-

liable, and reproducible means of measuring drug release

from semisolid dosage forms. A thick layer (200–400 mg)

of the test semisolid is placed in contact with a reservoir.

Diffusive communication between the delivery system

and the reservoir takes place through an inert, highly per-

meable support membrane. The membrane keeps the

product and the receptor medium separate and distinct.

Membranes are chosen to offer the least possible diffu-

sional resistance and not to be rate controlling. Samples

are withdrawn from the reservoir at various times. In
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most cases, a 5- to 6-hour time period is all that is needed

to characterize drug release from a semisolid, and when

this is the case samples usually are withdrawn hourly.

After a short lag period, release of drug from the semi-

solid dosage form in the VDC system is kinetically de-

scribable by diffusion of a chemical out of a semi-

infinite medium into a sink. The momentary release rate

tracks the depth of penetration of the forming gradient

within the semisolid. Beginning at the moment when the

receding boundary layer’s diffusional resistance assumes

dominance of the kinetics of release, the amount of the

drug released, M, becomes proportional to
p

t (where
p

t = time) for solution, suspension, or emulsion semisol-

id systems alike. The momentary rate of release, dM/dt,

becomes proportional to 1/
p

t , which reflects the slow-

ing of drug release with the passage of time. The reser-

voir is kept large so that drug release is into a medium

that remains highly dilute over the entire course of the

experiment relative to the concentration of drug dis-

solved in the semisolid. In this circumstance drug release

is said to take place into a diffusional sink.

When a drug is totally in solution within the dosage

form, the amount of drug released as a function of time

can be described by:

where:

M = amount of drug released into the sink per cm2

Co = drug concentration in releasing matrix

D = drug diffusion coefficient through the matrix.

A plot of M vs
p

t will be linear with a slope of

2 � Co
p

D / p

Equation 2 describes drug release when the drug is in

the form of a suspension within the dosage form:

where:

Dm = drug diffusion coefficient in the semisolid ma-

trix

Cs = drug solubility in the releasing matrix

Q = total amount of the drug in solution and sus-

pended in the matrix.

When Q44Cs, Equation 2 simplifies to Equation 3.

A plot of M vs
p

t will be linear with a slope of
p

2QDmCs.

Coarse particles may dissolve so slowly that the moving

boundary layer recedes to some extent behind the parti-

cles. That situation introduces noticeable curvature in the

t plot because of a particle size effect. During release rate

experiments, every attempt should be made to keep the

composition of the formulation intact during the releas-

ing period.

V. b. APPLICATION OF DRUG RELEASE

Drug release results can be utilized for purposes such as

ensuring product sameness after SUPAC-SS-related

changes or successive batch release comparisons. This

is illustrated by the following example in which the initial

drug batch is referred to as Reference Batch (R) and the

changed or subsequent batch is referred to as Test Batch

(T). The individual amount released from R is plotted vs

time, and the resulting slope is determined. These are the

reference slopes (RS). The process is repeated to deter-

mine the test slopes (TS).
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RS1 RS2 RS3 RS4 RS5 RS6

TS1 TS1/RS1 TS1/RS2 TS1/RS3 TS1/RS4 TS1/RS5 TS1/RS6

TS2 TS2/RS1 TS2/RS2 TS2/RS3 TS2/RS4 TS2/RS5 TS2/RS6

TS3 TS3/RS1 TS3/RS2 TS3/RS3 TS3/RS4 TS3/RS5 TS3/RS6

TS4 TS4/RS1 TS4/RS2 TS4/RS3 TS4/RS4 TS4/RS5 TS4/RS6

TS5 TS5/RS1 TS5/RS2 TS5/RS3 TS5/RS4 TS5/RS5 TS5/RS6

TS6 TS6/RS1 TS6/RS2 TS6/RS3 TS6/RS4 TS6/RS5 TS6/RS6

The T/R ratios are calculated for each Test to Reference

Slope. This is facilitated if one creates a table where the

TS are listed down the left side of the table and the RS are

listed across the top of the table. The T/R ratios are then

calculated and entered in the body of the table.

After the T/R ratios have been calculated they are or-

dered from lowest to highest. The 8th and 29th T/R ratios

are extracted and converted to percent (multiply by

100). To pass the first stage these ratios must fall within

the range of 75%–133.33%.

If the results do not meet this criterion, the SUPAC-SS

Guidance requires that four more tests of six cells each

should be run, resulting in 12 additional slopes per pro-

duct tested. The T/R ratios are calculated for all 18 slopes

per product tested. All 324 individual T/R ratios are cal-

culated and ordered lowest to highest. The 110th and the

215th ratios are evaluated against the specification of

75%–133.33%.

Third stage testing is not suggested.

INTRODUCTION

Topically applied drug products fall into two general

categories: those applied to achieve local action and

those applied to achieve systemic effects after absorption

through the skin into the blood circulation. Local action

can occur at or on the surface of the application site (e.g.,

stratum corneum, ocular epithelium), in the underlying

tissues (e.g., epidermis and/or dermis) and on subcuta-

neous tissues (e.g., muscle or joint).

Topically applied drug products include, but are not re-

stricted to: creams, gels, ointments, pastes, suspensions,

lotions, foams, sprays, aerosols, solutions, and transder-

mal delivery systems (TDS, also known as patches). The

definitions and descriptions of these dosage forms, and

brief information on their composition and/or manufac-

turing process can be found in Pharmaceutical Dosage

Forms h1151i.

Procedures and acceptable criteria for testing topically

administered drug products can be divided into those

that assess general product quality attributes and those

that assess product performance. The product quality at-

tributes include: description, identification, assay

(strength), impurities, physicochemical properties, uni-

formity of dosage units, water content, pH, apparent vis-

cosity, microbial limits, antimicrobial preservative

content, antioxidant preservative content, minimum fill

(see Minimum Fill h755i), sterility, if applicable, and other

tests that may be product specific. Product performance

testing assesses drug release and other attributes that af-

fect drug release from the finished dosage form. TDS are

physical devices that are applied to the skin and vary in

their composition and method of fabrication. TDS re-
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lease their active ingredients by different mechanisms.

Several product performance tests are available to assess

in vitro drug release from TDS (see Drug Release h724i).

PRODUCT QUALITY TESTS FOR TOPICALLY

APPLIED DRUG PRODUCTS

Universal Tests

Universal tests (see ICH Guidance Q6A—Specifications:

Test Procedures and Acceptance Criteria for New Drug Sub-

stances and New Drug Products: Chemical Substances,

available at www.ich.org) are listed below and are appli-

cable to all topically applied drug products.

Description: A qualitative description of the drug

product should be provided. The acceptance criteria

should include the final acceptable appearance of the fin-

ished dosage form, packaging and labeling. A visual ex-

amination should identify changes in color, adhesive

migration (i.e., cold flow) for TDS, separations, crystalli-

zation, etc., that are specific to the drug product. The de-

scription should specify the content or the label claim of

the article. This is not a compendial test but is part of the

manufacturer’s specification for the drug product.

Identification: Identification tests are discussed in

General Notices and Requirements, 5.40. Identification

tests should establish the identity of the drug or drugs

present in the article and should discriminate between

compounds of closely related structures that are likely

to be present. Identity tests should be specific for the

drug substance(s) (e.g., infrared spectroscopy). Near in-

frared (NIR) or Raman spectrophotometric methods also

could be acceptable for the identification of the drug

product (see Near-Infrared Spectrophotometry h1119i

and Raman Spectroscopy h1120i). Identification solely

by a single chromatographic retention time is not specif-

ic. However, the use of two chromatographic procedures

for which the separation is based on different principles

or a combination of tests in a single procedure is gener-

ally acceptable (see Chromatography h621i and Thin-Lay-

er Chromatographic Identification Test h201i).

Assay: A specific and stability-indicating test should

be used to determine the strength (content) of the drug

product. In cases when the use of a nonspecific assay

(e.g., Titrimetry h541i) is justified, other supporting ana-

lytical procedures should be used to achieve overall spec-

ificity.

Impurities: Process impurities, synthetic by-prod-

ucts, residual solvents (see Residual Solvents h467i), ele-

mental impurities (see Elemental Impurities—Limits

h232i and Elemental Impurities—Procedures h233i,1 and

other inorganic and organic impurities may be present

in the drug substance and excipients used in the manu-

facture of the drug product and should be assessed and

controlled. Impurities arising from the degradation of the

drug substance and those arising during the manufactur-

ing process of the drug product should also be assessed

and controlled.

Specific Tests

In addition to the universal tests listed above, the fol-

lowing specific tests should be considered on a case-

by-case basis.

Physicochemical Properties: These are properties

such as pH h791i, apparent viscosity (see Non-Newtonian

Rheology h912i2), Specific Gravity h841i), and peel adhe-

sion. These properties are formulation dependent and

should be tested when appropriate. Therefore, they are

not included in compendial drug product monographs

but are part of the manufacturer specification for the

drug product.

Uniformity of Dosage Units: This test is applica-

ble for TDS and for dosage forms packaged in single-unit

containers (see Uniformity of Dosage Units h905i).
1 Proposed in Pharmacopeial Forum 36(1).
2 Proposed in Pharmacopeial Forum 34(6).
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Water Content: A test for water content should be

included when appropriate (see Water Determination

h921i). This test is generally formulation dependent.

Therefore, it is not included in the compendial drug pro-

duct monograph but is part of the manufacturer’s spec-

ification for the drug product.

Microbial Limits: Microbial examination of non-

sterile drug products is performed according to the

methods given in general chapters Microbiological Exam-

ination of Nonsterile Products: Microbial Enumeration Tests

h61i and Microbiological Examination of Nonsterile Prod-

ucts: Tests for Specified Microorganisms h62i, unless the

formulation itself is demonstrated to have antimicrobial

properties. Acceptance criteria for nonsterile pharmaceu-

tical products based on total aerobic microbial count

(TAMC) and total combined yeasts and molds count

(TYMC) are given in Microbiological Examination of Non-

sterile Products: Acceptance Criteria for Pharmaceutical Pre-

parations and Substances for Pharmaceutical Use h1111i.

Antimicrobial Preservative Content: Accep-

tance criteria for antimicrobial preservative content in

multidose products should be established. They should

be based on levels of antimicrobial preservative necessary

to maintain the product’s microbiological quality at all

stages throughout its proposed usage and shelf life (see

Antimicrobial Effectiveness Testing h51i).

Antioxidant Preservative Content: If antioxi-

dant preservatives are present in the drug product, tests

of their content should be established unless oxidative

degradation can be detected by another test method

such as impurity testing. Acceptance criteria for antioxi-

dant preservative content should be established. They

should be based on the levels of antioxidant preservative

necessary to maintain the product’s stability at all stages

throughout its proposed usage and shelf life.

Sterility: Depending on the use of the dosage form

(e.g. ophthalmic preparations, products that will be ap-

plied to open wounds or burned areas), sterility of the

product should be demonstrated as appropriate (see

Sterilty Tests h71i).

pH:When applicable, semisolid drug products should

be tested for pH at the time of batch release and at des-

ignated stability time points for batch-to-batch monitor-

ing. Because some semisolid dosage forms contain very

limited quantities of water or aqueous phase, pH mea-

surements may not always be warranted.

This test is generally formulation dependent. There-

fore, it is not included in the compendial drug product

monograph but is part of the manufacturer’s specifica-

tion for the drug product.

Particulate Size: The particle size of the active drug

substance(s) in semisolid dosage forms is usually deter-

mined and controlled at the formulation development

stage. However, semisolid drug products should be ex-

amined for evidence of particle size alteration (i.e.,

changes in particle form, size, shape, habit, or aggrega-

tion) of the active drug substance that may occur during

the course of product processing and storage. Such ex-

aminations should be conducted at the time of batch re-

lease and at designated stability test time points for

batch-to-batch monitoring because changes that are vi-

sually (macro- and microscopically) observable would

likely compromise the integrity and/or performance of

the drug product. The presence of particle aggregation

of the active drug substance, generally observed as

‘‘graininess,’’ in a finished formulation should be deter-

mined. Changes in crystalline form (crystal type or habit)

and gross changes in particle size over time caused by

Ostwald ripening or electrostatically induced agglomer-

ation will result in altered drug release, and therefore

should be monitored. These types of testing are generally
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formulation dependent. Therefore, such tests are not in-

cluded in compendial monographs but are part of the

manufacturer specification for the drug product.

Additionally, the presence of unintentional undissolved

particles in semisolid topical dosage forms should be as-

sessed by visual inspection of the product with the naked

eye and/or suitable optical device.

There should be no particulate matter in any semisolid

ophthalmic drug product at any time.

SPECIFIC TESTS FOR OPHTHALMIC DOSAGE FORMS

Ophthalmic dosage forms must meet the requirements

of Sterilty Tests h71i. If the specific ingredients used in the

formulation do not lend themselves to routine steriliza-

tion techniques, ingredients that meet the sterility re-

quirements described under Sterilty Tests h71i, along

with aseptic manufacture, may be employed. Multiple-

use ophthalmic preparations must contain a suitable sub-

stance or mixture of substances to prevent growth of, or

to destroy, microorganisms accidentally introduced dur-

ing the use of the product (see Added Substances under

Ophthalmic Ointments h771i), unless otherwise directed

in the individual monograph or unless the formula itself

is bacteriostatic and/or the delivery system promotes

bacteriostasis. The finished ophthalmic preparation must

be free from large particles and must meet the require-

ments for Leakage and for Metal Particles under Ophthal-

mic Ointments h771i. The immediate containers for

ophthalmic preparations shall be sterile at the time of fill-

ing and closing. It is mandatory that the immediate con-

tainers for ophthalmic preparations be sealed and

tamper-proof so that sterility is ensured at the time of first

use.

SPECIFIC TESTS FOR TOPICALLY APPLIED

SEMISOLID DRUG PRODUCTS

Apparent Viscosity

Viscosity is a measure of a formulation’s resistance to

flow and is an assessment of the rheological properties

of the dosage form (e.g., semisolid dosage form). Be-

cause only Newtonian fluids possess a measurable viscos-

ity that is independent of shear rate, semisolid

pharmaceutical dosage forms which are non-Newtonian

products exhibit an apparent viscosity.

The apparent viscosity of semisolid drug products

should be tested at the time of batch release and initially

at designated stability test time-points to set specifica-

tions for batch-to-batch and shelf life monitoring. Mea-

surement procedures should be developed as outlined in

Non-Newtonian Rheology h912i.2 For semisolids that

show thixotropy and/or irreversible changes in viscosity

after shearing, specific attention should be given to sam-

ple preparation procedures to minimize variability in the

measurement of apparent viscosity caused by variable

shear histories (e.g., mixing speed and temperature, fill-

ing operation, sample handling). Furthermore, for some

products, it may be warranted to have apparent viscosity

specifications at more than one set of conditions (e.g.,

bulk in-process stage, final packaged product, high and

low shear rates, different temperatures).

Apparent viscosity specifications based on data ob-

tained during product development and shelf life testing

should be established for semisolid drug products for

batch release and throughout their proposed shelf life.

For products undergoing post-approval changes (e.g.,

modification in the formulation, use of a different

body-forming excipient or a change in the process), ap-

parent viscosity testing should demonstrate product

equivalence before and after the change(s).
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For routine commercial batches, upon the establish-

ment of acceptable apparent viscosity specifications dur-

ing development, shelf life testing, and/or post-approval

modifications of the formulation, apparent viscosity test-

ing is performed at the time of batch release and is peri-

odically monitored as part of an on-going stability

program.

The apparent viscosity test is formulation and/or pro-

cess dependent. Therefore, it is not included in compe-

dial drug product monographs but is part of the

manufacturer’s specification for the drug product. Fur-

thermore, the specifications for apparent viscosity of

semisolid dosage forms at batch release and during sta-

bility testing may be different. Although the apparent vis-

cosity of the finished drug product at the time of batch

release must conform to the product development speci-

fications, for stability testing—the apparent viscosity spe-

cifications for the finished drug product should be based

on statistical assessment of the product over its shelf life.

Uniformity in Containers

Topical semisolid products may show physical separa-

tion during manufacturing processes and during their

shelf life. To ensure the integrity of a semisolid product,

it is essential to evaluate its physicochemical properties

and uniformity at the time of batch release and through-

out its assigned shelf life.

PRODUCTS PACKAGED IN TUBES

Within-tube content uniformity can be assessed in the

following manner.

For multiple-dose products in tubes that con-

tain 5 g or more: Carefully remove or cut off the bot-

tom tube seal and make a vertical cut from the bottom to

the top of the tube. Carefully cut the tube around the up-

per rim, open the two flaps and lay the flaps open to ex-

pose the product.

Inspect the product visually for the presence of phase

separation, change in physical appearance and texture,

and other properties described in the product test for De-

scription. If there is no observable phase separation or

change in physical appearance and texture, and if the

product meets the Description acceptance criteria, pro-

ceed as described below. If the product exhibits phase

separation and/or change in physical appearance or tex-

ture, the product fails the tube content uniformity test.

Procedure 1

1. Using a single tube, after visually inspecting the pro-

duct remove an amount of product, about 0.25 to

about 1 g, from the top, middle, and bottom por-

tions of the tube. The sample size should be sufficient

for at least one assay determination of the active in-

gredient(s). Carry out the assay test for the active in-

gredient(s) in each portion of the product, and

evaluate the test results using Acceptance criteria A.

2. If the product fails the Acceptance criteria A, test three

additional tubes from the same batch following step

1 described above, and evaluate all 12 test results us-

ing Acceptance criteria B.

Procedure 2

1. Using two tubes, after visually inspecting the pro-

duct, remove an amount of product, about 0.25 g

to about 1 g, from the top, middle and bottom por-

tions of each tube. The sample size should be suffi-

cient for at least one assay determination of the

active ingredient(s). Carry out the assay test for the

active ingredient(s) in each portion of the tube, and

evaluate the test results using Acceptance criteria A.

2. If the product fails Acceptance criteria A, test two ad-

ditional tubes from the same batch following step 1
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described above and evaluate all 12 test results using

Acceptance criteria B.

Tube (container) content uniformity test accep-

tance criteria

In determining the relative standard deviation (RSD)

from multiple tubes, first determine the variance from

the three measurements for each tube and average

across tubes. The RSD is calculated using this average

variance.

Acceptance criteria A: All assay results are within

the range of 90%–110% of the product label claim and

the RSD is NMT 6% or as specified in the product spec-

ification or in the compendial monograph. If the RSD is

greater than 6%, use Acceptance criteria B.

Acceptance criteria B: No assay result is outside

the range of 90%–110% of the product label claim and

the RSD of the 12 assay results is NMT 6% or as specified

in the product specification or in the compendial mono-

graph.

For multiple-dose products in tubes that con-

tain less than 5 g of product: Test the top and bot-

tom portions of two tubes. All assay results should be

within the range of 90%–110% of the product label

claim or as specified in the product specification or in

the compendial monograph.

PRODUCTS PACKAGED IN CONTAINERS OTHER THAN TUBES

For semisolid products packaged in a container other

than a tube when the sampling method presented above

cannot be used, other sampling methods are acceptable,

such as the one described below for a jar.

1. Select a suitable syringe of sufficient length to extend

to the bottom of the container.

2. Remove and set aside the syringe plunger and cut off

the bottom of the syringe barrel. Sampling should

take place from a location to the left/right of the

mid-line of the jar surface to preserve an undisturbed

region on the other side for any additional investiga-

tion (See Figure 1).

Figure 1. Sampling from a jar container.

3. Slowly push the syringe barrel into the container un-

til it reaches the bottom. Then, twist the syringe bar-

rel containing the sample core, and remove the

syringe from the container.

4. Insert the syringe plunger into the barrel and careful-

ly extrude the sample core onto a clean surface in

three equal portions to represent the top, middle,

and bottom portions of the container.

5. Remove an appropriate sample representative of the

middle section of the top, middle, and bottom por-

tions of the container samples, and test according to

the instructions outlined in Products packaged in

tubes.

SPECIFIC TESTS FOR TRANSDERMAL DELIVERY

SYSTEMS

Adhesion Test

This test is applicable to TDS or patches that are formu-

lated with an adhesive layer to ensure intimate contact

with the skin to allow the delivery of the desired dose

of drug. Adhesives in TDS must permit easy removal of

the release liner before use, must adhere properly to hu-
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man skin upon application, must maintain adhesion to

the skin during the prescribed period of use, and must

permit easy removal of the TDS at the end of use without

leaving a residue or causing damage to the skin or other

undesirable effect(s). Additionally, adhesives must be

able to maintain the performance of the TDS throughout

the shelf life of the drug product.

Three types of TDS adhesion tests are generally used:

peel adhesion test (from a standard substrate), release

liner peel test, and probe tack test. The peel adhesion test

and release liner test assess two different TDS drug pro-

duct attributes and both tests are required. The probe

tack test, if applicable, is generally part of the manufac-

turer’s specification for the drug product.

Adhesion test acceptance criteria are product specific

and should be defined generally to assure that adhesion

of each batch of TDS is within the range defined by the

product design and is consistent between batches based

on the product development specifications or statistical

assessment of multiple product batches over the pro-

duct’s shelf life.

Peel Adhesion Test

This test measures the force required to remove (peel

away) a TDS attached to a standard substrate surface (us-

ually polished stainless steel). The TDS is applied to the

substrate using specified techniques for application and

is conditioned at specified temperature and time. Then,

the TDS is peeled away from the substrate with an instru-

ment that allows control of peel angle (usually 90 or 180

degrees) and peel rate (usually 300 mm/min), and the

peel force is recorded. This procedure is repeated using

a minimum of five independent samples. The product

fails the test if the mean peel force is outside the accept-

able range determined during product development

and/or based on statistical assessment of multiple pro-

duct batches over the product’s shelf life.

Release Liner Peel Test

This test measures the force required to separate the

release liner from the adhesive layer of the TDS. The test

is performed with a finished product sample. The test

sample is conditioned using specific procedures (temper-

ature and time). Then the release liner is pulled away

from the TDS with an instrument that allows for control

of peel angle (usually 90 or 180 degrees) and peel rate,

and the peel force is recorded. This procedure is repeated

using a minimum of five independent samples. The pro-

duct fails the test if the mean peel force is outside the ac-

ceptable range determined during product development

and/or based on statistical assessment of multiple pro-

duct batches over the product’s shelf life.

Probe Tack Test

This test measures the force required to separate the tip

of the test probe from the adhesive layer of the TDS. This

test employs an instrument designed to create a bond

between the tip of a test probe of defined roughness

and the TDS using a controlled force (light pressure)

and specified test conditions (i.e., rate, dwell time, tem-

perature). Then, while controlling the rate of probe re-

moval, the test measures the profile of force required to

separate the probe tip from the TDS and the maximum

force required to break the bond (tack). This procedure is

repeated using a minimum of five independent samples.

The product fails the test if the mean test result [force

profile(s) and/or tack] is outside the acceptable range de-

termined during product development and/or based on

statistical assessment of multiple product batches over

the product’s shelf life.
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Leak Test

This test is applicable only to form-fill-seal (reservoir or

pouched)-type TDS. Form-fill-seal patches must be man-

ufactured with zero tolerance for leaks because of their

potential for dose dumping if leak occurs.

In-process control methods examining 100% of the

TDS for leakers or potential leakers are needed and re-

quire considerable development on the part of TDS man-

ufacturers.

In-process testing

During the manufacturing process, the presence of

leakage, or potential for leakage, because of patch perfo-

ration, cuts, and faulty seals resulting from failures such

as air bubbles, gel splash or misalignment of a patch’s

backing and release liner layers, must be examined. Un-

less automated process analytical technology is imple-

mented, in-process testing to identify these defects

should be performed using the following test proce-

dures:

VISUAL INSPECTION

1. A specified number of patches, defined based on the

batch size, should be randomly examined.

2. Each sampled patch should be thoroughly visually

inspected for leakage.

3. The product fails if the number of patches detected

with a leak is greater than the acceptable limit.

SEAL INTEGRITY

Transdermal patch seals should be stress tested to en-

sure that the application of pressure does not force seals

to open, thereby leading to leakage.

1. A specified number of patches, defined based on the

batch size, should be randomly examined.

2. Each sampled patch should be thoroughly visually

inspected for leakage.

3. Each sampled patch is placed on a hard, flat surface

and overlaid with a weight so that it is subjected to

1000 g of weight per cm2 of pouch surface area. The

weight should be left in place for 2 min. Upon re-

moval of the weight, the patch should be visually in-

spected for leakage.

4. The product fails if the number of patches detected

with a leak is greater than the acceptable limit.

FINISHED PRODUCT TESTING

Patches may leak after they have been individually

placed in the primary packaging material as a result of

the packaging operation itself or by user opening of

the packaging. Therefore, patches should be tested for

leakage after they have been manufactured and pack-

aged in their primary packaging material.

1. A specified number of samples, defined based on the

batch size, should be randomly tested after they

have been placed in their primary packaging materi-

al.

2. The sampled patches should be removed from their

packaging and thoroughly visually inspected for

leakage.

3. Each sampled patch should then be uniformly wiped

with a solvent-moistened swab. Both the backing

side and the release liner side of the patch should

be wiped. The inside surface of the pouch should

also be wiped. The swab(s) is (are) then extracted

and assayed for the drug.

4. The product fails if the total amount of drug from the

patch, and the corresponding pouch, exceed the ac-

ceptable limit for any of the patches tested.~USP35
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Biological Tests and Assays

BRIEFING

h88i Biological Reactivity Tests, In Vivo, USP 32 page
98. It is proposed to add a subcutaneous implantation test in
rats as an alternative to intramuscular implantation in rabbits,
where appropriate, for materials with physical characteristics
unsuitable for routine intramuscular implantation.

(TOX: R. Tirumalai) RTS—C93986

Change to read:

Classification of Plastics—Six Plastic Classes are defined
(see Table 1). This classification is based on responses to a series
of in vivo tests for which extracts, materials, and routes of ad-
ministration are specified. These tests are directly related to the
intended end-use of the plastic articles. The choice of extrac-
tants is representative of the vehicles in preparations with which
the plastics are likely to be in contact. The Table 1 classification
facilitates communication among suppliers, users, and manu-
facturers of plastics by summarizing the tests to be performed
for containers for injections and medical devices if a need for
classification exists.

With the exception of the Implantation Test, the procedures
are based on the use of extracts that, depending on the heat
resistance of the material, are prepared at one of three standard
temperatures: 508, 708, and 1218. Therefore, the class designa-
tion of a plastic must be accompanied by an indication of the
temperature of extraction (e.g., IV-1218, which represents a
class IV plastic extracted at 1218, or I-508, which represents a
class I plastic extracted at 508).

Plastics may be classified as USP Plastic Classes I–VI only on
the basis of the response criteria prescribed in Table 1.

This classification does not apply to plastics that are intended
for use as containers for oral or topical products, or that may be
used as an integral part of a drug formulation. Table 1 does not
apply to natural elastomers, which are to be tested in Sodium
Chloride Injection and vegetable oils only.

The Systemic Injection Test and the Intracutaneous Test are de-
signed to determine the systemic and local, respectively, bio-
logical responses of animals to plastics and other polymers by
the single-dose injection of specific extracts prepared from a
Sample. The Implantation Test is designed to evaluate the reac-
tion of living tissue to the plastic and other polymers by the im-
plantation of the Sample itself into animal tissue. The proper
preparation and placement of the specimens under aseptic
conditions are important in the conduct of the Implantation
Test.

These tests are designed for application to plastics and other
polymers in the condition in which they are used. If the material
is to be exposed to any cleansing or sterilization process prior to
its end-use, then the tests are to be conducted on a Sample pre-
pared from a specimen preconditioned by the same processing.

Factors such as material composition, processing and clean-
ing procedures, contacting media, inks, adhesives, absorption,
adsorption and permeability of preservatives, and conditions of
storage may also affect the suitability of a material for a specific
use. Evaluation of such factors should be made by appropriate
additional specific tests to determine the suitability of a material
for its intended use.

Table 1. Classification of Plastics

Plastic Classesa Tests to be Conducted

I II III IV V VI Test Material Animal Dose Procedureb

x x x x x x Extract of Sample in Sodium Chlo-
ride Injection

Mouse 50 mL/kg A (iv)

x x x x x x Rabbit 0.2 mL/animal
at each of 10 sites

B

x x x x x Extract of Sample in 1 in 20 Solu-
tion of Alcohol in Sodium Chloride
Injection

Mouse 50 mL/kg A (iv)

x x x x x Rabbit 0.2 mL/animal
at each of 10 sites

B

x x x Extract of Sample in Polyethylene
Glycol 400

Mouse 10 g/kg A (ip)

x x Rabbit 0.2 mL/animal
at each of 10 sites

B

x x x x Extract of Sample in Vegetable Oil Mouse 50 mL/kg A (ip)

x x x Rabbit 0.2 mL/animal
at each of 10 sites

B

x x Implant strips of Sample Rabbit 4 strips/animal C

~x x Implant Sample Rat 2 Samples/animal C~USP35

a Tests required for each class are indicated by ‘‘x’’ in appropriate columns.
b Legend: A (ip)—Systemic Injection Test (intraperitoneal); A (iv)—Systemic Injection Test (intravenous); B—Intracutaneous Test
(intracutaneous); C—Implantation Test (intramuscular
~

or subcutaneous~USP35

implantation).
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Change to read:

Implantation Test

The implantation test is designed for the evaluation of plastic
materials and other polymeric materials in direct contact with
living tissue. Of importance are the proper preparation of the
implant strips and their proper implantation under aseptic con-
ditions.

~

The intramuscular implantation test requires healthy

adult rabbits. The test specimens are placed into needles

as the delivery system for implantation. Although most

materials lend themselves readily to this method, there

are a number of materials that are unsuitable for intra-

muscular implantation. For materials with physical char-

acterist ics unsuitable for routine intramuscular

implantation, the subcutaneous rat implantation model

is a viable alternative.~USP35

Test Animal

~Intramuscular Implantation in Rabbits~USP35

—Select healthy, adult rabbits weighing not less than 2.5 kg,
and whose paravertebral muscles are sufficiently large in size
to allow for implantation of the test strips. Do not use any mus-
cular tissue other than the paravertebral site. The animals must
be anesthetized with a commonly used anesthetic agent to a
degree deep enough to prevent muscular movements, such
as twitching.

Procedure—Perform the test in a clean area. On the day of
the test or up to 20 hours before testing, clip the fur of the ani-
mals on both sides of the spinal column. Remove loose hair by
means of vacuum. Swab the skin lightly with diluted alcohol
and dry the skin prior to injection.

Implant four strips of the Sample into the paravertebral mus-
cle on one side of the spine of each of two rabbits, 2.5 to 5 cm
from the midline and parallel to the spinal column, and about
2.5 cm apart from each other. In a similar fashion implant two
strips of USP High-Density Polyethylene RS in the opposite mus-
cle of each animal. Insert a sterile stylet into the needle to hold
the implant strip in the tissue while withdrawing the needle. If
excessive bleeding is observed after implantation of a strip,
place a duplicate strip at another site.

Keep the animals for a period of not less than 120 hours, and
sacrifice them at the end of the observation period by adminis-
tering an overdose of an anesthetic agent or other suitable
agents. Allow sufficient time to elapse for the tissue to be cut
without bleeding. Examine macroscopically the area of the tis-
sue surrounding the center portion of each implant strip. Use a
magnifying lens and auxiliary light source. Observe the Sample
and Control implant sites for hemorrhage, necrosis, discolora-
tions, and infections, and record the observations. Measure en-
capsulation, if present, by recording the width of the capsule
(from the periphery of the space occupied by the implant Con-
trol or Sample to the periphery of the capsule) rounded to the
nearest 0.1 mm. Score encapsulation according to Table 6.

Table 6. Evaluation of Encapsulation
in the Implantation Test

Capsule Width Score

None 0

Up to 0.5 mm 1

0.6–1.0 mm 2

1.1–2.0 mm 3

Greater than 2.0 mm 4

Calculate the differences between average scores for the
Sample and Control sites. The requirements of the test are met
if the difference does not exceed 1.0, or if the difference be-
tween the Sample and Control mean scores for more than one
of the four implant sites does not exceed 1 for any implanted
animal.

~Subcutaneous Implantation in Rats—Prepare for

implantation 10 sample specimens and 10 control speci-

mens. The size and shape of the control specimens shall

be as similar to that of the test specimens as practically

possible. For example, specimens made of sheeting ma-

terial shall be 10 to 12 mm in diameter and from 0.3 to 1

mm in thickness. The edges of the specimens should be

as smooth as possible to avoid additional mechanical

trauma upon implantation.

Test Animals—Select healthy rats weighing between

225 and 350 g at the time of implantation.

Procedure—Perform the test in a clean area. Anesthe-

tize the animal until a surgical plane is achieved. Clip the

fur of the animals on both sides of the spinal column. Re-

move loose hair by means of vacuum. Clean the clipped

area with povidone–iodine solution. Using aseptic tech-

nique, make two midline incisions (approximately 1.0 cm

long) through the skin at the cranial and caudal regions

on the dorsal surface. Using blunt dissection, separate

the fascia connecting skin to muscle to form a pocket un-

derneath the skin lateral to each side of the incision (base

of pocket approximately 20 mm from the line of im-

plant). Insert a sterile sample into each pocket and close

the incision with wound clips or sutures. Implant two test

samples and two control samples in each of five rats.

Keep the animals for a period of at least seven days,

and sacrifice them at the end of the observation period
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by CO2 induced hypoxia or administering an overdose of

an anesthetic agent. Allow sufficient time to elapse for

the tissue to be cut without bleeding. Cut the skin (dorsal

surface) longitudinally and lay back. Carefully examine

macroscopically the area of the tissue surrounding the

implant. Cut the sample in half and remove for close ex-

amination of the tissue in direct contact with the sample.

Use a magnifying lens and auxiliary light source, if appro-

priate. Observe the Sample and Control implant sites for

hemorrhage, necrosis, discolorations, and infections,

and record the observations. Measure encapsulation, if

present, by recording the width of the capsule (from

the periphery of the space occupied by the implant Con-

trol or Sample to the periphery of the capsule) rounded to

the nearest 0.1 mm. Score encapsulation according to

Table 6. Calculate the differences between average scores

for the Sample and Control sites. The requirements of the

test are met if the difference does not exceed 1.0.~USP35

BRIEFING

h141i Protein Biological Adequacy Test, USP 32 page
123. The General Chapters Biological Analysis Expert Commit-
tee recommended omitting this outdated General Chapter that
is only used to test Protein Hydrolysate for Injection. The pro-
duct monograph is also being omitted because the product is
no longer commercially available.

(GCBA: M. Kibbey) RTS—C95140

Delete the following:

~h141i PROTEIN—BIOLOGICAL
ADEQUACY TEST

This test is intended for the evaluation of the biological ade-
quacy, as an index to the completeness of the mixture of amino
acids contained, of Protein Hydrolysate Injection.

Depletion Diet—

Parts by
Weight

Dextrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83.9
Corn Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.0
Salt Mixture . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.0
Agar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.0
Cod Liver Oil . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0
Choline Chloride . . . . . . . . . . . . . . . . . . . . . . . . 0.15
Inositol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.10
Calcium Pantothenate . . . . . . . . . . . . . . . . . . . . 0.002
Niacinamide . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0015
Riboflavin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0003
Pyridoxine . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0.00025

Thiamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0002
p-Aminobenzoic Acid . . . . . . . . . . . . . . . . . . . . . 0.0002
Folic Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0002
Menadione . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0002
Biotin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
0.00002

Salt Mixture—Prepare the salt mixture specified in the Deple-
tion Diet as follows:

Sodium Chloride . . . . . . . . . . . . . . . . . . . . . . . . . 139.3 g
Potassium Biphosphate . . . . . . . . . . . . . . . . . . . . 389.0 g
Magnesium Sulfate, Anhydrous . . . . . . . . . . . . . . 57.3 g
Calcium Carbonate . . . . . . . . . . . . . . . . . . . . . . . 381.4 g
Ferrous Sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . 27.0 g
Manganese Sulfate . . . . . . . . . . . . . . . . . . . . . . . 4.01 g
Potassium Iodide. . . . . . . . . . . . . . . . . . . . . . . . . 0.79 g
Zinc Sulfate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.548 g
Cupric Sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.477 g
Cobaltous Chloride . . . . . . . . . . . . . . . . . . . . . . 0.023 g

Place a portion of the weighed quantity of sodium chloride in
a suitable mortar and add, with grinding, the potassium iodide.
Set aside the mixture, and mix in a similar manner all the other
salts with the remainder of the sodium chloride, adding finally
the previously mixed sodium chloride and potassium iodide.
Reduce the entire mixture to a fine powder (see Powder Fineness
h811i).

Control Nitrogen Supplement Mixture—Place 50 g of
calcium caseinate and 46 g of anhydrous dextrose in a beaker,
add sufficient water to make a paste, and finally add 1000 mL of
water. Heat the solution between 708 and 828 for 5 minutes
with stirring, and cool. Determine nitrogen on an aliquot using
Nitrogen Determination—Method I or Method II h461i. Store in a
refrigerator. Mix before removing portions for analysis or use.

Depletion and Control Periods—Select a group of not
less than six male rats 2 to 4 months of age and each weighing
between 190 g and 225 g. Place the rats in individual cages
with free access to water and the Depletion Diet for 12 days.
Weigh the depleted rats, and discard any rat that weighs more
than 90% of its starting weight.

For the next 3 days substitute as drinking water the Control
Nitrogen Supplement Mixture in a quantity equivalent to 0.12 g
of nitrogen per rat per day, diluted with water to 20 mL, and
offered at the same time each morning either in a dish suitable
for preventing spillage or in a reservoir fitted with a drinking
tube. Remove all drinking water from the cages of the depleted
rats during each feeding, and return it after the supplement has
been consumed or is removed. On the third day, weigh each
rat. Discard any rats that have not consumed all of the Control
Nitrogen Supplement Mixture.

For the next 3 days, replace the Control Nitrogen Supplement
Mixture with water ad libitum, and continue the rats on the De-
pletion Diet. Weigh the rats, and discard any that have not lost
weight since the previous weighing.

Procedure—Assemble not less than six rats that have com-
pleted the depletion and control periods. For 5 days maintain
the assembled rats on the Depletion Diet with a daily supple-
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ment of 20 mL, accurately measured, of a solution containing
the Protein Hydrolysate Injection in an amount equivalent to
0.12 g of nitrogen offered each morning in the same way as
the Control Nitrogen Supplement Mixture was offered previously.
Withhold water for at least 2 hours prior to offering the supple-
ment and for 4 hours afterward. Then if the supplement has
been consumed, offer water ad libitum.

On the afternoon of the fifth day, weigh each rat, and com-
pare the respective final and starting weights. Not fewer than
80% of the group of rats used gain weight or maintain their
weight during the test.~USP35

Physical Tests and
Determinations

BRIEFING

h610i Alternative Microbiological Sampling Methods
for Nonsterile Inhaled and Nasal Products. This proposed
new general test chapter provides special approaches for sam-
pling of either low- or high-content inhaled or nasal dosage
forms.

(GCM: R. Tirumalai) RTS—C93983

Add the following:

~h610i ALTERNATIVE
MICROBIOLOGICAL SAMPLING

METHODS FOR NONSTERILE INHALED
AND NASAL PRODUCTS

INTRODUCTION

Proper microbiological sampling of microbiologically

susceptible nonsterile products can be difficult because

these products are often filled into unique primary con-

tainers that are designed to protect the product from in-

advertent contamination during storage and use. These

unique designs may increase the difficulty of taking an

aseptic sample of sufficient size/volume for microbiolog-

ical testing. Unless special approaches are used, products

such as inhaled, nasal liquid, or powder dosage forms

can be difficult to sample without potential exposure to

extraneous microbial contamination. This general test

chapter provides these special approaches for sampling

of either low- or high-content inhaled or nasal dosage

forms. Alternative sampling approaches may provide

better ways to sample containers in an aseptic manner.

Any alternative methodology should employ aseptic

techniques and should be conducted under environmen-

tal and other conditions that are appropriate for aseptic

sampling.

INHALED OR NASAL DOSAGE FORMS

Low-content inhaled and nasal drug products (low-

content INDP) are products that have a target fill of less

than 100 mg of powder or 1 mL of liquid formulation per

unit (primary container). Examples are pre-metered inha-

lation powders, more commonly known as dry powder

inhalers (DPIs), and single-dose nasal sprays.

High-content INDP are multidose drug products that

have a target fill of more than 100 mg of powder or more

than 1 mL of liquid formulation per unit. Examples are

inhalation aerosols for inhalation and nasal delivery,

known as metered-dose inhalers (MDIs); device-metered

inhalation powders; and multidose nasal sprays.

The appropriate sample quantity or volume should be

based on the test methodology, including any relevant

general chapters, such as h61i Microbiological Examina-

tion of Nonsterile Products: Microbial Enumeration Tests

and h62i Microbiological Examination of Nonsterile Prod-

ucts: Tests for Specified Microorganisms. Testing may be

performed on the unpackaged bulk dry powder or liquid

formulation or the finished product. If testing is per-

formed on the bulk material alone, then the process lead-

ing from the bulk to the finished product should be

validated for its ability to prevent microbial contamina-

tion. Testing should be performed on the finished pro-

duct if this process is not validated.
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SAMPLE SIZE DETERMINATION

For each microbiological test, sample 10 drug product

containers or units that are representative of the batch.

For batch sizes smaller than 200 units (e.g., batches used

in clinical trials), sample size may be reduced to 1% of the

units or 1 unit, whichever is greater. The contents of in-

dividual containers may be pooled for testing.

BULK TESTING FOR LOW-CONTENT INDP

Bulk lot testing may be preferable for low-content

INDP in lieu of finished product testing to allow larger

sample sizes that are representative of the batch, without

unduly increasing the risk of inadvertent microbial con-

tamination. Bulk testing can be performed on the bulk

powder or liquid formulation just before filling. If bulk

testing is performed in lieu of finished product testing,

then manufacturing processes following bulk sampling

(e.g., filling and packaging) must be validated in accor-

dance with current good manufacturing practice (cGMP)

for their ability to prevent microbial contamination. For

microbial enumeration tests, at least 10 g or 10 mL of

bulk material or, for specified organism tests, 1 g or 1

mL of bulk material may be sampled. For small batch siz-

es (i.e., less than 1000 g or 1000 mL), the recommended

sample size is 1% of the batch for both enumeration tests

and for specified microorganisms.

SAMPLING METHODS FOR HIGH-CONTENT INDP

Dry Powder Inhalers

DPIs have an internal reservoir that contains a sufficient

quantity of formulation for multiple doses that are meter-

ed by the device itself during activation by the patient.

For DPIs appropriate validated procedures should be

used to sample a nonsterile drug product container.

Inhalation Aerosols

Consider safety issues related to both inhalation of the

drug substance and the potential of a flammability ha-

zard. Avoid contamination of samples by employing

aseptic techniques whenever necessary.

AUTOMATIC ACTUATION METHOD

The contents of the inhalation aerosol containers may

be collected by automatically actuating each aerosol

container and collecting the delivered formulation on a

suitable sterile filter.

ROOM-TEMPERATURE METHOD

Disinfect the outside of the test containers with an ap-

propriate disinfectant, and allow the containers to dry in

a controlled environment. Empty the contents of the aer-

osol container into a sterile vessel using a needle appara-

tus or similar device (e.g., icemaker water line tap). If it

has been demonstrated that the propellant does not in-

hibit the growth of microorganisms, the contents of the

sterile vessel may be added directly to the liquid media or

buffer for the test. Otherwise, allow the propellant to e-

vaporate from the vessel by leaving the vessel at room

temperature for several minutes. Remove any residual

gaseous propellant by tilting the vessel slightly or by al-

lowing a slow stream of microbiologically inert sterile gas

to pass over the surface. For some less volatile propellants

such as CFC 11/CFC 12 combinations, the vessel may be

heated slightly (to temperatures� 458) to assist with

evaporation. After the propellant has evaporated, add

the liquid media or buffer, and mix the contents to pre-

pare for testing.
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Direct expulsion into the broth media or buffer may be

feasible if there is available a needle apparatus that is thin

and strong enough to puncture the container and to al-

low slow removal of the contents. In this case, the con-

tents may be expelled into and mixed with the aqueous

medium. Layering of the propellant and aqueous medi-

um may occur, in which case a longer time period and

slight heating (not to exceed 458) may be required for

propellant evaporation.

CHILLING METHOD

Place the disinfected aerosol containers in dry ice, or a

dry ice slurry (ensure the microbial quality of the dry ice

and slurry-forming liquid), or a cryofreezer for the period

required to liquefy the contents. Disinfect the outside of

the test containers with an appropriate disinfectant, and

allow the containers to dry in an aseptic environment.

Aseptically open the aerosol containers using an appro-

priate tool. Be aware that freezing can affect the viability

of microorganisms. For CFC-based products, pour the

contents of the containers into sterile vessels. Allow the

propellant to escape, and combine residues with a dilu-

ent appropriate for the drug product. Other drug-

specific procedures may also be employed. For HFA-

based products, pour the contents of the containers into

sterile vessels partially immersed in larger vessels contain-

ing dry ice. Drive off the propellant, for example by al-

lowing a slow stream of steri le, filtered, oil-free

compressed air to evaporate the material to dryness.

Combine residues with a diluent appropriate for the drug

product. An alternative procedure when testing the en-

tire contents of a previously chilled container is to pour

the contents of the opened container onto a sterile

membrane filtration unit, allow the propellant to escape,

and then rinse with an appropriate amount of sterile dil-

uent.

Multidose Nasal Sprays

Multidose nasal spray containers usually have a cap

that is screwed, crimped on, or forms a snap-fit. The con-

tainer can be opened by unscrewing the cap, cutting the

seal, or using a decrimping tool, taking care to avoid mi-

crobial contamination during the process. Following cap

removal, traditional sampling methods as described in

general chapters such as h61iMicrobiological Examination

of Nonsterile Products: Microbial Enumeration Tests and

h62i Microbiological Examination of Nonsterile Products:

Tests for Specified Microorganisms are typically appropri-

ate for use.~USP35

BRIEFING

h659i Packaging and Storage Requirements, page 457
of PF 36(2) [Mar.–Apr. 2010]. On the basis of comments re-
ceived, it is proposed to remove the definitions pertaining to
packaging and storage requirements from the Preservation,
Packaging, Storage, and Labeling section under General Notices
and Requirements and include those requirements in this new
general chapter. The sections that will be omitted from the Gen-
eral Notices and included in the new chapter are 10.10–
10.30.100.

The Protection from Freezing definition has been reintroduced
while the definitions for Immediate Packaging and Impermeable
have been deleted. The definition for Pharmacy Bulk Package
has been expanded, along with the addition of the definitions
for Small-Volume Injections and Large-Volume Injections. It will be
proposed to omit the definitions for Small-Volume Injections and
Large-Volume Injections from general chapter Injections h1i, ap-
pearing elsewhere in this issue of PF.

Other revisions to clarify the Committee’s intent or those that
are editorial in nature are also proposed.

(PS: D. Hunt) RTS—C93244

Add the following:

~h659i PACKAGING AND STORAGE
REQUIREMENTS

Every monograph shall have packaging and storage re-

quirements. For drug product packaging requirements,

definitions are provided to guide selection and adapta-

tion. For drug substances, the choice would be a tight,
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well-closed, or, where needed, a light-resistant container.

For excipients, given their typical presentation as large-

volume commodity items (containers ranging from

drums to tank cars), a well-closed container is an appro-

priate default. In the absence of data indicating a need

for a more protective class of container, the phrase ‘‘Pre-

serve in well-closed containers’’ should be used as a de-

fault for excipients. Options for storage conditions to

support the requirement are also provided.

Every monograph in the USP and NF shall have packaging

and storage requirements. For the packaging portion of

the statement, the choice of containers is given in this

chapter. For drug product packaging requirements, def-

initions are provided to guide selection and adaptation.

For active pharmaceutical ingredients (APIs), the choice

would be tight, well-closed, or, where needed, a light-re-

sistant container. For excipients, given their typical pre-

sentation as large-volume commodity items (containers

ranging from drums to tank cars), a well-closed container

is an appropriate default. In the absence of data indicat-

ing a need for a more protective class of container, the

phrase ‘‘Preserve in well-closed containers’’ should be

used as the default for excipients.

Where no specific directions or limitations are provided

in the Packaging and Storage section of individual USP or

NF monographs or in the article’s labeling, the conditions

of storage shall include storage at controlled room tem-

perature, protection from moisture, and, where neces-

sary, protection from light. Such articles shall be

protected from moisture, freezing, and excessive heat,

and where necessary, from light during shipping and dis-

tribution. Drug substances and excipients are exempt

from this standard.

PACKAGING

Packaging must not interact physically or chemically

with official articles in any way that causes their safety,

identity, strength, quality, or purity to fail to conform to

requirements. This chapter provides definitions of both

packaging and storage.

GENERAL DEFINITIONS

Packaging System (also referred to as a container–clo-

sure system): The sum of packaging components that

together contains and protects the contents. This in-

cludes primary packaging components and secondary

packaging components, if the latter is intended to pro-

vide additional protection.

Container: A receptacle that holds an intermediate

compound, active substance, excipient, or dosage form

and is in direct contact with the contents.

Packaging Component: Any single part of the pack-

age or container–closure system including the container

(e.g., ampules, prefilled syringes, vials, bottles); contain-

er liners (e.g., tube liners); closures (e.g., screw caps,

stoppers); ferrules and overseals; closure liners; inner

seals; administration ports; overwraps; administration ac-

cessories; and labels.

Primary Packaging Component: Packaging com-

ponents that are in direct contact or may become in di-

rect contact with the article.

Secondary Packaging Component: Packaging

components that are not and will not be in direct contact

with the article but may provide additional protection.

Immediate Packaging: The composite of all primary

packaging components and all secondary packaging

components providing protection to the article.
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Tertiary Packaging: Packaging components that are

not in direct contact with the article but facilitate the

handling and transport in order to prevent damage from

physical handling and storage conditions to which the

article is subjected.

Materials of Construction: Refers to the substances

(e.g., glass, plastic, elastomers, metal) used to manufac-

ture a packaging component.

DEFINITIONS OF SPECIFIC TYPES OF PACKAGING

Multiple-Dose (also referred to as multi-dose): A

packaging system that permits withdrawal of successive

portions of an article for parenteral administration with-

out changing the safety, strength, quality, or purity of the

remaining portion. See Multi-Dose Containers in Injections

h1i, Volume in Container.

Multiple-Unit: A packaging system that permits with-

drawal of successive portions of an article without chang-

ing the safety, strength, quality, or purity of the

remaining portion.

Single-Unit: A packaging system that holds a quantity

of an article intended for administration as a single dose

or a single finished device intended for use promptly after

the container is opened single use.

Single-Dose (see also Injections h1i, Containers for Injec-

tions): A single-unit package for an article intended for

parenteral administration. directly from the primary

packaging.Examples of single-dose containers include

prefilled syringes, cartridges, fusion-sealed containers,

and closure-sealed containers when so labeled.

Unit-Dose: A single-unit packaging system for an arti-

cle intended for administration by other than the paren-

teral route as a single dose. directly from the primary

packaging.

Unit-of-Use: A packaging system that contains a spe-

cific quantity of an article that is intended to be dis-

pensed as such without further modification except for

the addition of appropriate labeling. Unit-of-Use packag-

ing may not be repackaged for sale.

Pharmacy Bulk (see also Pharmacy Bulk Package under

Injections h1i): A packaging system for a sterile article

for parenteral use that contains many single doses.

Pharmacy Bulk Package: A container of a sterile

preparation for parenteral use that contains many single

doses. The contents are intended for use in a pharmacy

admixture program and are restricted to the preparation

of admixtures for infusion or, through a sterile transfer

device, for the filling of empty sterile syringes.

After constitution, the closure shall be penetrated only

one time with a suitable sterile transfer device or dispens-

ing set that allows measured dispensing of the contents.

The Pharmacy Bulk Package is to be used only in a suitable

work area such as a laminar flow hood (or an equivalent

clean air compounding area).

Designation as a Pharmacy Bulk Package is limited to In-

jections, for Injection, or Injectable Emulsion as defined un-

der Injections h1i, Nomenclature.

Pharmacy Bulk Packages, although containing more

than one single dose, are exempt from the multiple-dose

container volume limit of 30 mL and the requirement

that they contain a substance or suitable mixture of sub-

stances to prevent the growth of microorganisms. Where

a container is offered as a Pharmacy Bulk Package, the la-

bel shall (a) state prominently ‘‘Pharmacy Bulk Pack-

ages—Not for direct infusion,’’ (b) contain or refer to
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information on proper techniques to help assure safe use

of the product, and (c) bear a statement limiting the time

frame in which the container may be used once it has

been entered, provided it is held under the labeled stor-

age conditions.

Small-Volume Injections: A single-dose injection

that is intended for intravenous use and is packaged in

containers labeled as containing 100 mL or less.

Large-Volume Injections: A single-dose injection

that is intended for intravenous use and is packaged in

containers labeled as containing more than 100 mL.

Child-Resistant: A packaging system designed or

constructed to meet Consumer Product Safety Commis-

sion standards pertaining to opening by children.

Senior Friendly: A packaging system designed or

constructed to meet Consumer Product Safety Commis-

sion standards for opening by senior adults.

Tamper-Evident: A packaging system that may not

be accessed without obvious destruction of the seal or

some portion of the packaging system.

Hermetic: A packaging system that is impervious to

air or any other gas under the ordinary or customary con-

ditions of handling, shipment, storage, and distribution.

Impermeable: A packaging system that provides a

permanent barrier to the passage of gases or solvents

(e.g., sealed glass ampules, sealed aluminum tubes).

Tight: A packaging system that protects the contents

from contamination by extraneous liquids, solids, or va-

pors; from loss of the article; and from efflorescence, del-

iquescence, or evaporation under the ordinary or

customary conditions of handling, shipment, storage,

and distribution. Where tight packaging is specified, it

may be replaced by hermetic packaging, generally in-

tended for a single dose of a drug. See tests under Multi-

ple-Unit Containers for Capsules and Tablets and Multiple-

Unit Containers and Unit-Dose Containers for Liquids pack-

aging in See Containers—Performance Testing h671i.

Well-Closed: A packaging system that protects the

contents from contamination by extraneous solids and

liquids and from loss of the article under the ordinary

or customary conditions of handling, shipment, storage,

and distribution. See tests under Multiple-Unit Containers

for Capsules and Tablets and Multiple-Unit Containers and

Unit-Dose Containers for Liquids packaging in Containers—

Performance Testing h671i.

Light-Resistant: A packaging system that protects

from the effects of light by virtue of the specific proper-

ties of the material of which it is composed, including any

coating applied to it. A clear and colorless or a translu-

cent container may be made light-resistant by means

of an opaque covering or by use of secondary packaging,

in which case the label of the container bears a statement

that the opaque covering or secondary packaging is

needed until the contents are to be used or administered.

See Containers—Performance Testing h671i, Light Trans-

mission Test.

MEDICAL GAS PACKAGING

Gas Cylinder: A gas cylinder is a metallic packaging

system constructed of steel or aluminum designed to

hold medical gases under pressure. Medical gases in-

clude Carbon Dioxide USP, Helium USP, Medical Air

USP, Nitric Oxide, Nitrous Oxide USP, Nitrogen NF, and

Oxygen USP. As a safety measure, for carbon dioxide, cy-

clopropane, helium, medical air, nitrous oxide, and oxy-

gen, the Pin-Index Safety System of matched fittings is

recommended for cylinders of Size E or smaller.
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ASSOCIATED PACKAGING COMPONENTS

Dosing Cups: A measuring device consisting of a

small cup that is packaged with oral liquid articles or that

may be sold separately. The cup is marked to deliver the

recommended dose.

Dosing Spoon: A measuring device consisting of a

bowl and a handle that is packaged with oral liquid arti-

cles or that may be sold separately. The spoon is marked

to deliver the recommended dose.

Medicine Dropper: A medicine dropper consists of a

barrel made of glass or other suitable rigid transparent or

translucent plastic material that is generally fitted with a

collapsible rubber bulb.

Droppers typically vary in capacity; however, the deliv-

ery end should be a round opening having an external

diameter of about 3 mm. On the barrel of the dropper,

the graduation line should be legible and indelible. When

accuracy of dosage is important, the medicine dropper

must be calibrated with the liquid medicine for which

the dropper will be used. The dropper, when held verti-

cally, delivers water in drops, each of which weighs be-

tween 45 mg and 55 mg, and delivers no more at a

rate no faster than 2 drops per second. [NOTE—Few me-

dicinal liquids have the same surface and flow character-

istics as water, and therefore the size of drops varies

materially from one preparation to another.]

Oral Syringe: An oral syringe consists of a plunger

and barrel made of suitable rigid transparent or translu-

cent plastic material and a seal on the end. The syringe

should expel a measured amount of a liquid article direct-

ly into the patient’s mouth. Finger grips located at the o-

pen end of the barrel should be the appropriate size,

shape, and strength and should allow the syringe to be

held securely during use.

On the barrel of the syringe, the graduation line should

be legible and indelible. When the syringe is designed for

a particular article product, the oral syringe must be cal-

ibrated with the liquid medicine for which the syringe

will be used.

Teaspoon: A teaspoon has been established as con-

taining 4.93+ 0.24 mL. For the practice of administer-

ing medicines, the teaspoon may be regarded as

representing 5 mL.

Articles intended for administration by teaspoon

should be formulated on the basis of dosage in 5-mL

units. Any dropper, syringe, medicine cup, special spoon,

or other device used to administer liquids should deliver

5 mL wherever a teaspoon calibration is indicated. Under

ideal conditions of use, the volume error incurred in mea-

suring liquids for individual dose administration by

means of such calibrated devices should be not greater

than 10% of the indicated amount.

POISON PREVENTION PACKAGING ACT (PPPA)

This act requires special packaging of most human oral

prescription drugs, oral controlled drugs, certain non-

oral prescription drugs, certain dietary supplements,

and many over-the-counter (OTC) drug preparations in

order to protect the public from personal injury or illness

from misuse of these preparations (16 CFR }1700.14).

The immediate packaging of substances regulated un-

der the PPPA must comply with the special packaging

standards (16 CFR }1700.15 and 16 CFR }1700.16)

and applies to all packaging types including reclosable,

nonclosable, and unit-dose types.

Special packaging is not required either for drugs dis-

pensed within a hospital setting for inpatient administra-

tion and or by manufacturers and packagers of bulk-

packaged prescription drugs repackaged by the pharma-

cist. PPPA-regulated prescription drugs may be dispensed
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in nonchild resistant packaging upon the request of the

purchaser or when directed in a legitimate prescription

(15 U.S.C. }1473).

Manufacturers or packagers of PPPA-regulated OTC

preparations are allowed to package one size in nonchild

resistant packaging as long as popular-size, special pack-

ages are also supplied. The nonchild resistant packaging

requires special labeling (16 CFR }1700.5).

STORAGE CONDITIONS

Specific storage conditions are stated in some mono-

graphs directions are stated in some monographs with

respect to storage conditions, e.g., the temperature or

humidity at which an article must be stored and shipped.

Such directions apply, except where the label on the ar-

ticle has different storage conditions that are based on

stability studies. Where no specific storage conditions

are provided in the individual monograph, but the label

of an article states storage conditions based on stability

studies, such labeled storage directions apply (see Phar-

maceutical Stability h1150i). Current storage conditions

for articles are described defined by the following terms.

Freezer: A place in which the temperature is actively

or passively maintained between –258 and –108

(–138 and 14 8F).

Refrigerator: A place in which the temperature is ac-

tively or passively maintained between 28 and 88 (368

and 46 8F).

Cold: Any temperature not exceeding 88 (46 8F).

Cool: Any temperature between 88 and 158 (468 and

59 8F). [NOTE—An article for which storage in a cool place

is directed may, alternatively, be stored and shipped as

refrigerated, unless otherwise specified by the individual

monograph.]

Room Temperature: The temperature prevailing in a

work area.

Controlled Room Temperature: The temperature

maintained in and that encompasses at the usual and

customary working environment of 208 to 258 (688 to

77 8F). The following conditions also apply.

The mean kinetic temperature shall not exceed 258.

The mean kinetic temperature is a calculated value that

may be used as an isothermal storage temperature that

simulates the nonisothermal effects of storage tempera-

ture variations. (See also Pharmaceutical Stability h1150i.)

Excursions between 158 and 308 (598 and 86 8F) that

are experienced in pharmacies, hospitals, and warehous-

es are allowed, provided the mean kinetic temperature

remains in the allowed range.

Transient spikes up to 408 are permitted as long as they

do not last for more than 24 hours. Spikes above 408 may

be permitted only if the manufacturer so instructs.

Articles may be labeled for storage at ‘‘controlled room

temperature’’ or at ‘‘up to 258’’, or other wording based

on the same mean kinetic temperature.

An article for which storage at Controlled Room Temper-

ature is directed may, alternatively, be stored and shipped

in a cool place or refrigerated, unless otherwise specified

in the individual monograph or on the label.

Warm: Any temperature between 308 and 408 (868

and 104 8F).

Excessive Heat: Any temperature above 408 (104 8F).

Dry Place: The term ‘‘dry place’’ denotes a place that

does not exceed 40% average relative humidity at Con-

trolled Room Temperature 208 (68 8F) or the equivalent

water vapor pressure at other temperatures. The deter-

mination may be made by direct measurement at the

place or may be based on reported climatic conditions.

Determination is based on not less than 12 equally

spaced measurements that encompass either a season,
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a year, or, where recorded data demonstrate, the storage

period of the article. There may be values of up to 45%

relative humidity provided that the average value does

not exceed 40% relative humidity. Storage in a container

validated to protect the article from moisture vapor, in-

cluding storage in bulk, is considered a dry place.

Protection from Freezing: Where, in addition to the

risk of breakage of the container, freezing subjects an ar-

ticle to loss of strength or potency, or to destructive alter-

ation of its characteristics, the container label bears an

appropriate instruction to protect the article from freez-

ing.

Protection from Light: Storage of an article in a

container made of a material that absorbs actinic light

sufficiently to protect the contents from change induced

by such light, or in a container enclosed in an outer cover

that provides such protection, or in a place from which

all light is excluded. Where light subjects an article to loss

of strength or potency, or to destructive alteration of its

characteristics, the container label bears an appropriate

instruction to protect the article from light.

Storage under Nonspecified Conditions: Where

no specific directions or limitations are provided in the

Packaging and Storage section of individual monographs

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

include storage at controlled room temperature, protec-

tion from moisture, and, where necessary, protection

from light. Active pharmaceutical ingredients are exempt

from this standard.~USP35

GENERAL CHAPTERS

General Information

BRIEFING

h1113i Microbial Identification, page 167 of PF 35(1)
[Jan.–Feb. 2009]. This proposed chapter is being revised includ-
ing a title change. The chapter provides general information on
available microbial identification methods, selection of appro-
priate methods for use, and verification of these methods.

(GCM: R. Tirumalai) RTS—C69321

Add the following:

~h1113iMICROBIAL IDENTIFICATION
MICROBIAL CHARACTERIZATION,

IDENTIFICATION, AND STRAIN TYPING

INTRODUCTION

Microorganisms such as bacteria and fungi are fre-

quently identified in pharmaceutical ingredients, water

for pharmaceutical use, the manufacturing environment,

intermediates, and finished pharmaceutical products

(materials/environment). Microbial Identification is es-

sential when the number of microorganisms exceeds

alert and/or action levels for the material or manufactur-

ing environment or when microorganisms are found in

sterile products. Microbial identification is also an impor-

tant component of processes that demonstrate microbial

control, exclude objectionable microorganisms from

nonsterile pharmaceutical drug products, support asep-

tic processing, and examine product failures

Microbiological identification systems are based on dif-

ferent analytical techniques, such as phenotypic, geno-

typic, and strain typing. Each system has limitations
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due to method and/or database limitations and short-

comings in terms of accuracy, reproducibility, technical

complexity, speed, and cost. A decision must be made

as to the appropriate technology to use, considering

these limitations and the level of identification required

(genus, species, and strain). Routine evaluations for re-

covered organisms might include characterization by

colony morphology, cellular morphology (e.g., rods,

cocci, mode of sporulation), Gram reaction or other dif-

ferential staining technique or diagnostic enzyme activi-

ty. This level of information may confirm that the

microorganisms found are acceptable for that material

or manufacturing environment or indicate no change

in the level of environmental control in an aseptic proces-

sing area. More definitive identification may be needed

to assign a species name to establish a historic baseline,

during an investigation, for epidemiological purposes, or

to aid in the safety evaluation process.

Microorganisms, if detected in drug substances, excip-

ients, water for pharmaceutical use, the manufacturing

environment, intermediates, and finished drug products,

typically undergo characterization. This may include

identification and strain typing, as appropriate. [NOTE:

A Glossary of Terms is provided at the end of this chapter.]

Routine characterization of microorganisms may include

the determination of colony morphology, cellular mor-

phology (rods, cocci, cell groupings, modes of sporula-

tion, etc.), Gram reaction or other differential staining

techniques, and certain key biochemical reactions (e.g.,

oxidase, catalase, and coagulase activity) that can be di-

agnostic. Microbial characterization to this level is suffi-

cient for many risk-assessment purposes in nonsterile

pharmaceutical manufacturing operations and in some

sterile product manufacturing environments.

In some cases a more definitive identification of the mi-

croorganisms yields genus- and species-level identifica-

tion. Beyond this, available methodologies can perform

strain-level identification, which can be useful in an inves-

tigation to determine the source of the microorganism.

Identification is especially common when organisms are

recovered at atypically high rates or in numbers that ex-

ceed recommended levels for specific categories of prod-

ucts. Additionally, microbial identification is useful in

aseptic processing and is necessary where sterility test

positives have occurred and in the assessment of con-

tamination recovered from failed aseptic process simula-

tions, i.e., media fills.

Microbiological identification systems are based on dif-

ferent analytical methodologies, and limitations may be

inherent to the method and/or arise from database lim-

itations. Identification is accomplished by matching

characteristics (genotypic and/or phenotypic) to an es-

tablished standard (reference) organism such as a type

strain. If a microorganism is not included in the database

it will not be identified, so manufacturers should review

the breadth of the database of the identification system

they plan to employ and its applicability to their needs.

Users should consider which microbiological identifica-

tion system(s) is (are) most applicable to their require-

ments. Bearing in mind both these limitations and the

level of identification required (genus, species, strain),

users also must select the appropriate technology to

use in routine pharmaceutical microbiological identifica-

tion testing.

The need for microbial identification is cited in several

USP chapters and in an FDA guidance.specifically cited in

USP general test chapter Microbiological Examination of

Nonsterile Products: Tests for Specified Microorganisms

h62i. This chapter indicates a requirement for confirma-

tory identification tests for organisms that grow on selec-

tive or diagnostic media and demonstrate defined

morphological characteristics. Also, USP general test

chapter Sterility Tests h71i allows for invalidation of the

test, if after identification of the microorganisms isolated

from the test, the growth of this (or these) species may

be unequivocally ascribed to faults with respect to the
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material and/or the technique used in conducting the

sterility test procedure. General information chapter Mi-

crobiological Examination of Nonsterile Products: Accep-

tance Criteria for Pharmaceutical Preparations and

Substances for Pharmaceutical Use h1111i recommends

that manufacturers determine what constitutes an objec-

tionable organism among those recovered. Some level of

identification will be required to make such a determina-

tion. USP general information chapter Microbiological

Evaluation of Clean Rooms and Other Controlled Environ-

ments h1116i recommends that microbial isolates be

identified at an appropriate levela rate sufficient to sup-

port the environmental monitoring program. The 2004

FDA guidance document on aseptic processing1 recom-

mends that the use of genotypic microbial identification

methods is preferred because of the higher accuracy and

precision of these methods, especially when investigat-

ing process or product failures where establishing the re-

lationship of recovered organisms is a critical part of the

investigation.

MICROBIAL ISOLATION ISOLATION OF PURE

CULTURES

The first step in identifying microbes is to isolate a pure

culture for analysis. This purification is normally accom-

plished by subculturing single colonies one or more

times on a nonselective solid medium, e.g., soybean–ca-

sein digest agar, to ensure purity. This technique also al-

l ows fu l l pheno typ i c exp re s s i on o f s t r e s s ed

microorganisms and growth of sufficient inoculum for

the identification. Expression of the microbial pheno-

type, (cell size and shape, sporulation, cellular composi-

tion, antigenicity, biochemical activity, and sensitivity to

antimicrobial agents) may depend on the media and

growth conditionsThe first step in identification is to iso-

late a pure culture for analysis. This is typically accom-

plished by successive streaking of the colony of interest

in a quadrant pattern on appropriate general microbio-

logical solid media with the objective of obtaining dis-

creet colonies that usually yield pure cultures. This

technique also allows phenotypic expression and growth

of sufficient inoculum for succeeding identification pro-

cedures. Analysts should recognize that expression of

the microbial phenotype (i.e., cell size and shape, sporu-

lation, cellular composition, antigenicity, biochemical ac-

tivity, and sensitivity to antimicrobial agents) may be

affected by isolate origins, media selection, and growth

conditions (see Table 1). Therefore, the preparatory me-

dia for identification and the number of subcultures may

affect the results of phenotype identification methods.

Table 1. Phenotypic Characteristics Employed in Microbial Taxonomy

Categories Characteristics

Culture Colony morphology, colony color, shape and size, pigment production

Morphological Cellular morphology, cell size, cell shape, flagella type, reserve material, Gram reaction,

spore and acid-fast staining, mode of sporulation

Physiological Oxygen tolerance, pH range, temperature optimum and range, salinity tolerance

Biochemical Carbon utilization, carbohydrate oxidation or fermentation, enzyme patterns

Inhibition Bile salt-tolerance, antibiotic susceptibility, dye tolerance

Serological Agglutination, fluorescent antibody

1 FDA Guidance for Industry: Sterile Drug Products Produced by
Aseptic Processing—Current Good Manufacturing Practice, 2004.
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Table 1. Phenotypic Characteristics Employed in Microbial Taxonomy (Continued)

Categories Characteristics

Chemo-Taxonomic Fatty acid profile, microbial toxins, whole cell composition

Ecological Origin of the organism

Table 2. Genotypic/Phylogenetic Characteristics That Can Be Employed in Microbial Taxonomy

Categories Characteristics

Genotypic DNA base ratio (G + C content), restriction fragment patterns, and DNA probes

Phylogenetic DNA–DNA hybridization, and 16S and 23S rRNA codon sequences

In contrast, the microbial genotype is highly conserved

and is independent of culture conditions. Therefore,

identification may be conducted on uncultured test ma-

terial, primary enrichments that increase the amount of

nucleic acid available for analysis and primary isolation

cultures from microbial limit testing or environmental

monitoring plates. A recent publication2 confirmed the

stability of repetitive-sequenced PCR patterns of the bac-

teria P. aeruginosa, E. coli, P. aeruginosa, E. faecalis, S. epi-

dermidis, and A. baumannii with respect to both the age

of the culture and number of subcultures (5–15) In con-

trast, the microbial genotype generally is well conserved

and unaffected by cultural conditions. Therefore, once

the isolation of a pure, monoclonal colony is assured,

the microorganism may be analyzed without concern

over the most recent growth media or the viability of

the isolate. Table 2 lists genotypic characteristics that

can be determined.

The gold standard for the taxonomic classification of

bacteria is DNA, detection of which isBacterial taxonomy

as described in Bergey’s Manual of Systematic Bacteriology

(Bergey’s Manual)1 is at present accomplished by compar-

ative analysis of genetic material. When the DNA from an

unknown organism is compared to the DNA from a

known organism, the degree of relatedness can be deter-

m i n e d . G e n o t y p i c i d e n t i fi c a t i o n

(Table 2) is accomplished through the use of DNA hybrid-

ization, restriction fragment pattern comparisons, and/

or DNA probes. For example, greater than 70% related-

ness with DNA–DNA hybridization indicates the organ-

isms are the same species. Phylogenetic analysis

(Table 2) of bacteria is typically performed by comparing

the 500 base sequence of a portion of the 16S ribosomal

RNA gene.is typically performed by comparing the base

sequence of a portion of the 16S ribosomal RNA gene for

bacteria or the 23S ribosomal RNA gene for fungi.PCR is

used to amplify this gene sequence, and the amplified re-

gion is then isolated and base sequenced using an elec-

trophoretic method. Comparisons can be made using

proprietary databases or those that are available online,

such as GenBank. When evaluating microbial identifica-

tion it should be recognized that, side-by-side compari-

son of two organisms is a more reliable approach to

determine relatedness than comparison to a database.

Also, it should be noted that the probability that a data-

base would have information on a specific isolate is rath-

er low, unless such an isolate was previously analyzed.

Polymerase chain reaction (PCR) is used to amplify these

genes, and the amplified region is then isolated and base

2 Kang, H.P. and W.M. Dunne. Stability of Repetitive-Sequence
PCR Patterns with Respect to Culture Age and Subculture Fre-
quency. J. Clin. Microbiol. 41 (6) 2694-2603, 2003.
1 Bergey’s Manual of Systematic Bacteriology, 2nd Edition, 2003.
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sequenced using an electrophoretic or dideoxy chain ter-

mination method. Comparisons can be made using vali-

dated proprietary databases or those that are publicly

available [CAUTION: Publicly available databases may

not be validated].

PRELIMINARY SCREENING OF MICROBIAL

ISOLATES

Microorganisms isolated from pharmaceutical ingredi-

ents and processes will in all likelihood be physiologically

stressed. Such microorganisms will go from a metabolic

status suitable for slow or no growth for survival under

adverse conditions to rapid growth under laboratory cul-

ture conditions. This transition can be managed by care-

ful handling of the isolates. Individual representative

colonies from the primary isolation media are streaked

onto solid media as described above in preparation for

identification. The first step is to Gram stain and deter-

mine the cellular morphology of the bacteria isolates.

This is a critical step for phenotypic identification

schemes. Running positive and negative controls with

these tests is recommended. Several common prelimi-

nary screening tests are described below.

Microorganisms isolated on compendial media from

samples of pharmaceutical ingredients, water for phar-

maceutical use, the manufacturing environment, inter-

mediates, and finished products will be in all likelihood

physiologically stressed. The microorganisms will pass

from a metabolic state suitable for survival under adverse

ambient conditions to culture conditions that are far

richer nutritionally and at an optimal incubation temper-

ature. This transition can be managed by careful han-

dling of the isolates. In preparation for identification,

individual representative colonies from the primary isola-

tion media are streaked for monoclonal colonies onto

solid media as described above. The first step is to deter-

mine the Gram reaction, cellular morphology, and in

some cases diagnostic biochemical reactions of the bac-

teria isolates. This is a critical step for many phenotypic

identification schemes. If the wrong characteristics are

assigned to an isolate, subsequent testing may be con-

ducted using the wrong microbial identification kit, re-

sult ing in an incorrect result. Several common

preliminary screening tests are described below.

Gram Staining

Gram staining methods employed include the four-

step method: crystal violet (primary stain), iodine (mor-

dant), alcohol (decolorizer), safranin (counterstain); or

the three-step method in which the decolorization and

counterstaining step is combined. When stained correct-

ly, gram-positive organisms retain the crystal violet stain

and appear blue; gram-negative organisms lose the crys-

tal violet stain thus containing only the counter-stain saf-

ranin and appear red. Common pitfalls in this method

include the following: (a) heat fixation may cause

gram-positive cells to stain gram-negative, (b) older cul-

tures or sections of a colony containing older organisms

may give gram-variable reaction, (c) using too much de-

colorizer can result in a false gram-negative result, and

(d) not using enough decolorizer may yield a false

gram-positive result. The bacterial smear on the micro-

scope slide may be fixed with methanol, rather than us-

ing heat fixation, which may give more consistent

results.The Gram stain reaction is read under a micro-

scope, allowing evaluation of cell and colony morpholo-

gy (rod or cocci, single cells or chains, or clumps or

clusters).

Gram staining methods include the four-step method:

crystal violet (primary stain), iodine (mordant), alcohol or

alcohol–acetone (decolorizer), and safranin (counter-

stain). In the three-step method the decolorization and

counterstaining steps are combined. Under optimal con-

ditions, Gram-positive organisms retain the crystal violet

stain and appear blue. Gram-negative organisms lose the
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crystal violet stain, so they contain only the counterstain

safranin and appear red. Some bacteria may be Gram-

variable. Common pitfalls in this method are that heat

fixation may cause Gram-positive cells to stain Gram-ne-

gative, and older cultures may give Gram-variable reac-

tions. Using too much decolorizer could result in a false

Gram-negative result, and not using enough decolorizer

may yield a false Gram-positive result. One variation that

has advantages in some situations is to perform a meth-

anol, rather than heat, fixation of the bacterial smear. In

some cases alcohol fixation may give more consistent

Gram stain results. In either method a Gram-positive

and a Gram-negative control should be included to allow

identification of errors in staining. Because the Gram

staining reaction must be read under a microscope, cel-

lular morphology can be simultaneously ascertained.

Spore Staining

Spore staining is done by a two-step method: mala-

chite green (primary stain), and safranin (counterstain).

The fixed bacterial smear is stained with 7.6% aqueous

malachite green solution for 10 minutes, rinsed, and

counterstained with a 0.25% aqueous safranin solution

for 15 seconds, rinsed, and blotted dry. This procedure

stains the spores green, but vegetative bacterial cells

are stained red. In many cases, the presence of spores

can be determined in organisms with Gram staining only,

but when using sporulation as a diagnostic feature, spore

staining is recommended.

Spore staining can be accomplished using a malachite

green stain for bacterial spores. A positive control should

be included to allow identification of errors in spore stain-

ing.

Biochemical Screening

Key biochemical screening tests include (1) the oxidase

test to separate Gram-negative rod-shaped bacteria into

nonfermenters (oxidase positive) and enteric (oxidase

negative) bacteria, (2) the catalase test to separate Staph-

ylococci (catalase positive) from Streptococci (catalase ne-

gative), and (3) the coagulase test to separate

Staphylococci into coagulase negative (presumptively

nonpathogenic) and coagulase positive (more likely

pathogenic) Staphylococci.

For many types of investigations, these few tests may

provide enough information to describe data. However,

there are much more definitive bacterial identification

schemes or systems.

For many types of investigations and routine surveying

of manufacturing environmental bioburden, these few

tests can provide sufficient information for ongoing eval-

uation. However, when circumstances dictate greater in-

depth assessment, identification to the genus, species, or

strain level can yield valuable insights about the nature

and source of environmental bioburden. Also, microbial

identification to the species and even strain level can be

critical is assessing and mitigating risk from microbial

contamination.

MICROBIAL IDENTIFICATION BY PHENOTYPIC

METHODS

Phenotypic methods utilize expressed gene products

to distinguish among different microorganisms. General-

ly, these require a large number of recently grown cells in

pure culture. Disadvantages of culture methods for mi-

crobial enumeration and identification include (1) long

incubation times, (2) the inability of many environmental

microorganisms to grow on artificial media, (3) specific

growth requirements of specific microorganisms, (4)

the unintentional inhibition of culture methods, and (5)

the need to fully express phenotypic properties of recent-
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ly isolated stressed microorganisms by subculture from

primary isolation on selective or diagnostic media prior

to microbial identification. Databases of microbiological

identification systems include carbon utilization and bio-

chemical reaction patterns, fatty acid profiles, and

whole-cell composition for microbial species. All such

identification systems rely on inocula that have been cul-

tured using specific media and incubation conditions

(e.g., time, temperature, and oxygen level) in order to

achieve consistent identification. Despite these limita-

tions, phenotypic microbial identification methods are

successfully employed in routine food, water, clinical,

and pharmaceutical microbiological testing laboratories

Phenotypic methods use expressed gene products to dis-

tinguish among different microorganisms. Generally,

these require a relatively large number of cells in pure,

monoclonal culture. Recovery and growth methods for

microbial enumeration and identification are limited by

the length of incubation and the fact that many organ-

isms present in the environment are not recovered by

general microbiological growth media. Additionally,

freshly isolated stressed microorganisms by subculture

from primary recovery may not result in a full expression

of phenotypic properties. However, methods based on

carbon utilization and biochemical reaction, as well as

fatty acid profiles by gas–liquid chromatography and

whole-cell composition by MALDI–TOF mass spectrome-

try are always based on inocula development for a specif-

ic identification system. These systems rely on specified

culture media and incubation conditions to achieve con-

sistent identification. Phenotypic microbial identification

methods are successfully employed in food, water, clini-

cal, and pharmaceutical microbiological testing labora-

tories.2 Phenotypic microbial identification methods

provide information that enables microbiologists to

make informed decisions regarding product risk and to

recognize changes in environmental microflora. In many

quality control investigations, phenotypic identification

alone is sufficient and will enable scientists to conduct a

thorough investigation and to recommend appropriate

corrective actions as needed.

MICROBIAL IDENTIFICATION BY GENOTYPIC

METHODS

Compared to phenotypic procedures, genotypic mi-

crobial identification methods based on nucleic acid

analyses are less subjective, less dependent on the culture

method, and theoretically are more reliable because nu-

cleic acid sequences are highly conserved by microbial

species. These methods include DNA-DNA hybridization,

polymerase chain reaction (PCR), 16S and 23S rRNA

gene sequencing, and analytical ribotyping. Like the

Gram staining procedure, 16S rRNA base sequencing

has proved to be a powerful diagnostic tool and has be-

come the gold standard for taxonomic species assign-

ment for bacteria. However, without extensive

automation of sample handling and reagent standardiza-

tion these procedures are technically challenging, are ex-

pensive in terms of both equipment and testing costs,

and often rely on a technology marketed by a single

company. Their use may be limited to critical microbio-

logical investigations associated with direct product fail-

ure. In such cases identifications are conducted in a

pharmaceutical company’s specialized research laborato-

ry or are sent to a contract testing laboratory. It is fore-

seen that these technologies will be applied to routine

microbial identification in the pharmaceutical industry.

Clearly, the increased accuracy of identification with

rRNA base sequencing and the ability to determine the

strain of microorganism via ribotyping are useful tools

of molecular epidemiology. rRNA base sequencing may

allow determination of the origin of microbial contami-

nation.2 O’Hara, C.M., M.P. Weinstein, and J.M. Miller. Manual and
automated systems for detection and identification of microor-
ganisms. ASM Manual of Clinical Microbiology, 8th Edition, 2003.
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Genotypic microbial identification methods are theo-

retically more reliable because nucleic acid sequences

are highly conserved in most microbial species. Applica-

ble genotypic methods include DNA–DNA hybridization,

PCR, 16S and 23S rRNA sequencing, multilocus se-

quence typing (MLST), pyrosequencing, DNA probes,

and analytical ribotyping. These methods are technically

challenging for pharmaceutical microbiologists. They

also require more expensive analytical equipment and

supplies. Often these analyses are conducted by contract

laboratories, government laboratories, universities, re-

search institutes, or specialized laboratories within indus-

trial firms. Therefore, the use of genotypic identification

methods is typically limited to critical microbiological in-

vestigations such as product failure investigations. Fur-

ther, if strain-level identification is done in the course of

an investigation, analysts must ensure that the method is

appropriate.

DNA sequencing of the first 500 base pairs of the 16S

rRNA codon is useful for identification to the species level

but may not provide sufficient power to resolve among

closely related species or strains of the same species. In

contrast, Southern hybridization of restriction endonu-

clease digests is powerful and can be effective in demon-

strating differences between two strains. If the banding

patterns appear identical, this shows only that restriction

endonuclease has similar cleavage sites in that region of

the two organisms. Demonstration that the two organ-

isms are the same should include two or more different

restriction endonuclease digests, each of which yields

bands in the area of interest. All bands from the two or-

ganisms must be identical.

In contrast to microbial identification, nucleic acid-

based methods can be used to screen for specific micro-

organisms. The steps associated with this activity are

sample collection, nucleic acid extraction, target amplifi-

cation, hybridization, and detection. The problem of am-

plifying DNA from nonviable bacterial cells can be

overcome by using reverse transcription to convert rRNA

that is transitional, hence related to viability, to DNA for

PCR amplification. Issues include the detection of micro-

bial variants, limits of detection, matrix effects, positive

cutoff verification, instrument and system carry-over,

diagnostic accuracy, and reproducibility.

VERIFICATION OF MICROBIAL IDENTIFICATION

METHODS

Microbial identification tests include serological tests,

chemical reagents, cellular strains, instrumentation, and

kits. The verification of an identification test system may

include one of the following three steps: first, consecu-

tive parallel testing of microbial isolates obtained from

routine testing using an existing system during a repre-

sentative period of time. The minimum number of iso-

l a t e s t e s t ed i s 50 , and any d i s c r epanc i e s in

identification should be arbitrated using a referee meth-

od. The second step involves testing known representa-

tive stock cultures of 12–15 different commonly isolated

species for a total of 50 tests. The third step is confirma-

tion that results of 20–50 organism identifications includ-

ing 15–20 different species agree with the results of

testing of a split sample by a reference laboratoryMicro-

bial identification tests include serological tests, chemical

reagents, reference organisms, and instrumentation. The

verification of an identification test system can include

one of the following (1) using an existing system for par-

allel testing of microbial isolates obtained from routine

testing (the number of isolates tested may be as high

as 50, and any discrepancies in identification can be ar-

bitrated using a referee method); (2) testing 12–

15 known representative stock cultures of different com-

monly isolated species for a total of 50 tests; or (3) con-

firming that 20–50 organism identifications, including
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15–20 different species, agree with the results of a refer-

ence laboratory testing of split sample.3 In each case the

appropriate quality control organisms, as recommended

by the supplier and the compendia,should be included in

the verification process.

With identification systems, both verification of the

identity of the species evaluated and the level of agree-

ment should be considered. Greater than 90% agree-

ment should be achieved with microorganisms

appropriate for the phenotypic identification system.

Groups of organisms that are known to be more chal-

lenging to identify, including biochemically-unrespon-

sive nonfermenting bacteria, corynebacteria, and

coagulase-negative Staphylococci should be evaluated,

when appropriate, during the verification process.

The hierarchy of microbial identification errors include

the following: (1) misidentification to genera, (2) misi-

dentification to species, and (3) no identification using

‘‘best fit’’ criteria at very low confidence levels. When a

system does not identify an isolate, it may be due to

the organism not being included in the database, the sys-

tem parameters not being comprehensive enough to

identify the organism, the isolate not being reactive in

the system, or the species not being taxonomically de-

scribed. These isolates should be sent to the supplier of

the microbial identification system for identification

and addition to their database, or identified, preferably

using 16S or 23S rRNA base sequencing, and added to

the user’s in-house database. Misidentification is more

difficult to determine, but any microbial identification

should be reviewed for reasonableness in terms of the mi-

croorganism’s cellular morphology, physiological re-

quirements, and source of isolation. Organisms

requiring identification only to genus may include non-

pathogenic Bacillus, Staphylococci, Corynebacteria, and

Micrococci.

During base sequencing error may result if the original

specimen is not a pure culture, the yield of the labeled

amplicon is too low, or the capillary array is malfunction-

ing. These errors should be apparent as unreadable ba-

ses. Ult imately the accuracy of 16S rRNA base

sequencing identification depends on the accuracy of

the sequences in the database, the association of appro-

priate names and sequences, and the accuracy of the se-

quence of the isolate. A database search report would list,

for example, the top 5 matches with the related percent-

age match and number of mismatches and would dis-

play a phylogenetic tree based on a nearest neighbor

algorithm. Current technology in clinical microbiology

suggests that 499% similarity can be used to define spe-

cies and 495% can be used to define genus. However,

this rule may not hold true for diverse or less well studied

genera and species.6

With identification systems, verification of the identity

of the species should be evaluated and the level of agree-

ment should be considered. Typically greater than 90%

agreement can be achieved with samples of microorga-

nisms that are appropriate for the identification system.

Groups of organisms that are challenging to identify

(e.g., nonfermenting bacteria, corynebacteria, and coag-

ulase-negative Staphylococci) may be included, when ap-

propriate, in the verification process but may yield lower

levels of agreement.

The hierarchy of microbial identification errors in de-

scending order of impact is (1) misidentification to gen-

era, (2) misidentification to species, and (3) no

identification. Misidentification could lead to inappropri-

ate corrective and preventive actions and product dispo-

sition.

A microbial identification system may not be able to

identify an isolate because the organism is not included

in the database, the system parameters are not sufficient-

3 Cumitech 31. Verification and Validation of Procedures in the
Clinical Microbiology Laboratory. Elder, B.L., S.A. Hansen, J.A. Kel-
logg, F.J. Marsik, and R.J. Zabransky, ASM, February 1997.

6 J.E. Clarridge III. The Impact of 16S rRNA Gene Sequencing
Analysis for Identification of Bacteria on Clinical Microbiology
and Infectious Diseases, Clin. Microbiol. Rev. 17 (2) 840-862,
2004.
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ly comprehensive to identify the organism, the isolate

may be nonreactive in the system, or the species may

not have been taxonomically described. Such isolates

can be sent to the supplier of the microbial identification

system for additional study and, if appropriate, added to

the database. Alternatively, genotypic identification tests

can be conducted, and the species can be added to an

in-house database. Misidentification is more difficult to

determine, but any microbial identification should be re-

viewed for reasonableness in terms of the microorga-

nism’s morphology, physiological requirements, and

source of isolation. Organisms identified only to genus

may be common for the numerous nonpathogenic spe-

cies of Staphylococcus, Corynebacterium (and other small

pleomorphic Gram-positive rods), and Micrococcus.

The most important verification tests are accuracy and

reproducibility. These measurements can be defined as

follows:

Accuracy % = (Number of correct results/Total num-

ber of results) 6 100

Reproducibility % = (Number of correct results in

agreement/Total number of results) 6 100

Suitable acceptance criteria for accuracy and reproduc-

ibility are 490% and 495%, respectively.

The user should establish suitable acceptance criteria

for accuracy and reproducibility, taking into account

method capability.

Other measurements are sensitivity, specificity, and

positive and negative predictive value. These measure-

ments are best illustrated by an example. A clinical micro-

biology laboratory compared the frequency of isolation

of a DNA hybridization probe to a culture method for

the sexually transmitted bacterium Neisseria gonor-

rhaeae.3 The frequency of isolation from clinical speci-

mens was historically 10%. The lab ran 100 split

samples, and the results are presented in Table 3.

Table 3. Comparison of the Distribution of Negative
and Positive Results for the DNA Probe and Culture

Methods

Culture Results

DNA Probe Results Positive Negative

Positive 9 2

Negative 1 88

Sensitivity = [9/(9 + 1)] 6 100 = 90%

Specificity = [88/(88 + 2)] 6 100 = 97.7%

Positive Predictive Value = [9/(9 + 2)] 6 100 = 81.8%

Negative Predictive Value = [88/(88 + 1)] 6 100 =

98.9%

Note that the positive predictive value (PPV) is not in-

trinsic to the test; it also depends on the prevalence of

the microorganism in clinical samples. PPV is directly pro-

portional to the prevalence of the disease or condition. In

this example, if the group of people tested had included

a higher proportion of people with infection, then the

PPV would probably be higher and the negative predic-

tive value (NPV) lower. If all persons in the group had in-

fection, the PPV would be 100% and the NPV 0%.

The mathematical derivation of these functions is out-

lined in Table 4.

Table 4. A Two-Row by Two-Column Contingency Table
with Respect to the Reference Culture Method and the
Alternate PCR Method (After ISO 5725-1 and 5725-2

2004)*

PCR

Culture Positive Negative Sum

Positive a

True Positive

b

False Negative

a + b

N e g a -

tive

c

False Positive

d

True Negative

c + d

Sum a + c b + d
* ISO 5725-1 : 1994 Accuracy (trueness and precision) of
measurement methods and results—Part 1: General prin-
ciples and definitions and ISO 5725-2 : 1994 Accuracy
(trueness and precision) of measurement methods and
results—Part 2: Basic methods for the determination of
repeatability and reproducibility of standard measure-
ment methods.
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Inclusivity (%) = [a/(a + b)] 6 100

Exclusivity (%) = [d/(c + d)] 6 100

Positive Predictivity (%) = [a/(a + c)] 6 100

Negative Predictivity (%) = [d/(b + d)] 6 100

Analytical Accuracy (%) = [(a + d)/(a + b + c + d)] 6

100

Kappa Index = 2(ad – bc)/[(a + c) 6 (c + d) + (a + b)

6 (b + d)]

Phylogenetic Identification

The second edition of Bergey’s Manual represented a

major departure from the first edition, and also from

the eighth and ninth editions of the Manual of Determi-

native Bacteriology. The organization of content in Ber-

gey’s Manual follows a phylogenetic framework, based

on analysis of the nucleotide sequence of the ribosomal

small subunit 16S RNA, rather than a phenotypic struc-

ture. The comparative base sequencing may be per-

formed instrumental ly (MicroSeq 500, Applied

Biosystems, Foster City, CA). The procedure involves ob-

taining a pure isolate, lysing the bacterial cells, extracting

and concentrating the DNA, amplifying the 500-base

section of the 16S rDNA gene, and sequencing the am-

plicon using fluorescent di-deoxy terminator cycle chem-

istry. Fragments then are separated by an automated

DNA sequencer, and the data are compared to sequenc-

es in the database. The MicroSeq database contains ap-

proximately 2000 base sequences derived from type

strains (the public database GenBank contains approxi-

mately 200,000 base sequences). Although the instru-

mental approach may result in h igher qual i ty

sequences, the representation of a single species that

may contain numerous strains by a single type strain

may be inadequate.

Phylogenetic trees show the closest genetically related

organisms. In general, organisms with relatedness 41%

generally are considered different species and those with

43% relatedness are considered different genera.

Phylogenetic trees or dendrograms show the closest

genetically related organisms. The application of this

technology has resulted in taxonomic revisions and the

renaming of some well-known microorganisms; e.g.,

the fungus A. niger was renamed A. brasiliensis. In gener-

al, organisms with relatedness4 3% generally are con-

s idered dif ferent species and those with 4 1%

relatedness are considered different genera, but there

are many exceptions to this generalization.

Differences in genotype and phenotype are relatively

uncommon, e.g., same or very similar genotype shared

by microorganisms with different phenotypes, similar

phenotypes but different genotypes, and microorga-

nisms that are genotypically too distant to be the same

species or genus. The concept of polyphasic taxonomy4

that refers to assembly and use of many levels of informa-

tion, e.g., microbial characterization, phenotypic and

genotypic data, and origin of the microorganisms, can

be successfully applied to microbial identification. This

avoids decisions made solely using genotypic data that

make no sense when the microbial characteristics, test-

ing history, and source of isolation are considered.

Polyphasic Identification

Differences in genotype and phenotype are relatively

common, e.g., same or very similar genotype shared

by microorganisms with different phenotypes, similar

phenotypes but different genotypes, and microorga-

nisms that are genotypically too distant to be the same

species or genus (Table 5). The concept of polyphasic

taxonomy4 that refers to assembly and use of many levels

4 Gillis, M., P. Vandamme, P. De Vos, J. Swings and K. Kersters.
Polyphasic Taxonomy. Bergey’s Manual of Systematic Bacteriolo-
gy, 2nd Edition, 2003.
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of information, e.g., microbial characterization, pheno-

typic and genotypic data, and origin of the microorga-

nisms, can be most successfully applied to microbial

identification. This avoids decisions made solely using

genotypic data that make no sense when the microbial

characteristics, testing history, and source of isolation

are considered.

Table 5. Examples of Discrepant Relationships Between Genotype and Phenotypes

Relationship First Strain Second Strain

Number of

Base Pair

Differences

Same genotype but different

phenotypes

Mycobacterium tuberculosis

ATCC 27294

Bacillus anthracis

M. bovis ATCC 19210

B. cereus 30.0 and B. thuringen-

esis

0

E. coli ATCC 11775 Shigella dysenteriae ATCC 13313 3

Similar genotype but different

phenotypes

Streptococcus pneumoniae

ATCC 33400

S. mitis ATCC 49456 3

Similar phenotypes but different

genotypes

Nocardia asteroids ATCC 19247 N. farcinica ATCC 3318 13

Too distant to be the same

species

Enterobacter (Pantoea)

agglomerans (bg1)

Enterobacter (Pantoea)

agglomerans (bg2)

27

Too distant to be the same ge-

nus

Clostridium tetani ATCC 19404 Clostridium innocuum

ATCC 14501

about 104

Pathogen Screening

Nucleic acid-based procedures can be used for screen-

ing USP-specified microorganisms. The steps associated

with this activity are sample collection, nucleic acid ex-

traction, target amplification, hybridization, and detec-

tion. The problem of amplifying DNA from nonviable

bacterial cells can be overcome by using reverse tran-

scription to convert transitional rRNA to DNA for PCR

amplification. The reaction efficiencies of cell lysis, rRNA

extraction, and reverse transcription vary with each bac-

terium and sample matrix. Therefore, nucleic acid stan-

dards must be employed in the construction of a

calibration curve to determine the cycle number where

the fluorescence in the PCR sample increases above the

threshold value. In its Draft Guidance for Industry: Nucleic

Acid Based In Vitro Diagnostic Devices for Detection of Mi-

crobial Pathogens (2005), FDA addressed the detection of

microbial variants, limits of detection, matrix effects, pos-

itive cutoff verification, instrument and system carry-o-

ver, diagnostic accuracy, and reproducibility.

Objective of a Microbial Identification Program

The objective of a microbial identification program is

to provide information that will help exclude microorga-

nisms from products. Knowing the identity of microbial

isolates is useful when manufacturers establish a monitor-

ing baseline and investigate sources of microbial contam-

ination. Alert and action levels in water, pharmaceutical

ingredients, and the environment, as well as presterile fil-

tration bioburden monitoring, typically initiate microbial
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identifications. When a pre-set numerical level for micro-

bial count is exceeded, the predominant microbial iso-

lates are identified for trending purposes (alert levels)

or as part of the laboratory and manufacturing investiga-

tions (action levels). Critical microbial isolations—when

all isolates are identified—may follow failures in media

fills, sterility tests, microbial limit tests, and marketed pro-

duct stability testing, or in response to consumer com-

plaints. The identity of the microbial isolate suggests its

origin and may suggest effective preventive action.

Because microbial identification can be costly and

time-consuming, manufacturers should develop good

microbial identification strategies. These help identify

the potentially pathogenic microbes from the nonpatho-

genic and help manufacturers focus on identifications

that support investigations most relevant to actual and/

or potential product failure. No single microbial identifi-

cation procedure is ideal in terms of cost, speed, accura-

cy, and repeatability. Thus manufacturers should develop

preliminary screening programs that characterize micro-

bial isolates and facilitate the selection of the most appro-

priate microbial identification methods. Such screening

programs should be optimized for a general class of mi-

croorganisms and should reflect the importance of the

isolate in terms of product failure (Table 6).

Best practices include retention of environmental mon-

itoring plates until product testing is complete and the

establishment of an in-house culture library of critical mi-

crobial isolates. The logistics of such a program, especial-

ly in a large operation, may necessitate a preliminary

screening protocol based on colonial morphology and

numbers as the plates are initially read to minimize stor-

age issues.

Table 6. Guidelines for the Characterization, Identification, and Stain Typing

of Microbial Isolates from Monitoring Programs

Extent of Characterization Isolate Origin

Gram reaction and cellular morphology only Environmental monitoring in ISO 7 and 8 classification ar-

eas; isolates from excipient, finished product, environ-

mental and water monitoring with number below the

alert level.

Identification to genus Environmental monitoring in ISO 5 and 6 classification ar-

eas with number below the alert level.

Identification to species Environmental monitoring in ISO 5 classification areas;

alert and/or action level isolates from all excipient, fin-

ished product, environmental and water monitoring.

Strain typing Significant product failures, e.g., media fill, sterility test

and microbial limit test. Significant adverse trends in en-

vironmental and water monitoring.
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GLOSSARY OF TERMS

Microbial classification: The arrangement of mi-

croorganisms into taxonomic groups based on their sim-

ilarities and relationships.

Microbial identification: The determination of

which broad group (e.g., bacteria, yeast, or mold) or nar-

row group (e.g., genus and/or species) to which a labor-

atory isolate belongs.

Mol %GC: The molecular percentage of guanine–

cytos ine range within the chromosomal DNA.

[NOTE: %GC + %AT = 100%.]

Phylogenetic species: A species consisting of

many strains including the type of strain that shares at

least 70% total genome DNA–DNA hybridization and

less than 58 DTm (difference in melting point of the hy-

brid)

Polyphasic taxonomy: Taxonomy that assembles

and assimilates many levels of information from molecu-

lar, physiological, morphological, serological, or ecolog-

ical sources to classify a microorganism.

Relatedness: The extent of relationship or similarity

of two (or more) organisms on a Phylogenetic Tree or a

Dendrogram

rRNA Sequence: The DNA sequences that encode

rRNA used in protein synthesis are highly conserved

among microorganisms of a common ancestry. They

are used to determine the phylogenetic distance be-

tween organisms and are useful in microbial taxonomy

and identification.

Strain: A specific isolate of a species that is main-

tained in pure culture and is characterized. The type

strain is representative of the species that provides a ref-

erence for the species based on its historic isolation, char-

acterization, and deposition in recognized culture

collections.~USP35

BRIEFING

h1116i Microbiological Evaluation of Clean Rooms
and Other Controlled Environments, USP 32 page 608.
A complete revision is proposed, including updated clean-room
classification standards and a title change.

(GCM: R. Tirumalai.) RTS—C93982

Change to read:

h1116i MICROBIOLOGICAL
EVALUATION OF CLEAN ROOMS

AND OTHER CONTROLLED
ENVIRONMENTS

~MICROBIOLOGICAL CONTROL AND

MONITORING OF ASEPTIC PROC-

ESSING ENVIRONMENTS~USP35

Change to read:

The purpose of this informational chapter is to review the
various issues that relate to aseptic processing of bulk drug sub-
stances, dosage forms, and in certain cases, medical devices;
and to the establishment, maintenance, and control of the mi-
crobiological quality of controlled environments.

This chapter includes discussions on (1) the classification of a
clean room based on particulate count limits; (2) microbiolog-
ical evaluation programs for controlled environments; (3) train-
ing of personnel ; (4) cr i t ica l factors in des ign and
implementation of a microbiological evaluation program; (5)
development of a sampling plan; (6) establishment of microbi-
ological Alert and Action levels; (7) methodologies and instru-
mentation used for microbiological sampling; (8) media and
diluents used; (9) identification of microbial isolates; (10) oper-
ational evaluation via media fills; and (11) a glossary of terms.
Excluded from this chapter is a discussion of controlled environ-
ments for use by licensed pharmacies in the preparation of ster-
i le products for home use, which is covered under
Pharmaceutical Compounding—Sterile Preparations h797i.

There are alternative methods to assess and control the mi-
crobiological status of controlled environments for aseptic pro-
cessing. Numerical values included in this chapter are not
intended to represent absolute values or specifications, but
are informational. Given the variety of microbiological sam-
pling equipment and methods, one cannot reasonably suggest
that the attainment of these values guarantees the needed level
of microbial control or that excursions beyond values in this
chapter indicate a loss of control. The improper application of
microbiological sampling and analysis may cause significant
variability and the potential for inadvertent contamination.
Sampling media and devices, and methods indicated in this
chapter, are not specifications but only informational.

A large proportion of sterile products are manufactured by
aseptic processing. Because aseptic processing relies on the ex-
clusion of microorganisms from the process stream and the pre-
vention of microorganisms from entering open containers
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during filling, product bioburden as well as microbial biobur-
den of the manufacturing environment are important factors
relating to the level of sterility assurance of these products.

~

Microbiologically controlled environments are used

for a variety of purposes within the healthcare industry.

This general information chapter provides information

and recommendations for environments where the risk

of microbial contamination is controlled through aseptic

processing. Products manufactured in such environ-

ments include pharmaceutical sterile products, bulk ster-

ile drug substances, sterile intermediates, excipients,

and, in certain cases, medical devices. Aseptic processing

environments are far more critical in terms of patient risk

than controlled environments used for other manufac-

turing operations—for example, equipment and compo-

nent preparation, limited bioburden control of non-

sterile products, and processing of terminally sterilized

products. In this chapter, the type of aseptic processing

is differentiated by the presence or absence of human

operators. Aseptic processing in the absence of human

operators is termed advanced aseptic processing. Microbi-

ological requirements for aseptic processing environ-

ments staffed by human operators must be especially

stringent. [Note—A glossary of terms used in this chapter

can be found at the end of the chapter.]

The guidance provided in this chapter and the moni-

toring parameters given for microbiological evaluation

should be applied only to clean rooms, restricted-access

barrier systems (RABS), and isolators used for aseptic pro-

cessing. ISO-classified environments used for other pur-

poses are not requ i red to meet the leve l s o f

contamination control required for aseptically produced

sterile products. The environments used for nonsterile

applications require different microbial control strate-

gies.

A large proportion of products labeled as sterile are

manufactured by aseptic processing rather than terminal

sterilization. Because aseptic processing relies on the ex-

clusion of microorganisms from the process stream and

the prevention of microorganisms from entering open

containers during processing, product bioburden as well

as the bioburden of the manufacturing environment are

important factors governing the risk of unacceptable mi-

crobial contamination. The terms aseptic and sterile are

not synonymous. Sterile means having a complete ab-

sence of viable microorganisms or organisms that have

the potential to reproduce. In the purest microbiological

sense, an aseptic process means one that prevents con-

tamination by the exclusion of microorganisms. In con-

temporary aseptic healthcare-product manufacturing,

aseptic describes the process for handling sterilized mate-

rials in a controlled environment designed to maintain

microbial contamination at levels known to present min-

imal risk.

In any environment where human operators are pre-

sent, microbial contamination at some level is inevitable.

Even the most cautious clean-room environment design

and operation will not eliminate the shedding of micro-

organisms if human operators are present. Thus, an ex-

pectation of zero contamination at all locations during

every aseptic processing operation is technically not pos-

sible and thus is unrealistic. There are no means to dem-

onstrate that an aseptic processing environment and the

product-contact surfaces within that environment are

sterile. Although manufacturers should review environ-

mental monitoring results frequently to ensure that the

facility operates in a validated state of control, monitor-

ing results can neither prove nor disprove sterility. Be-

cause of the limitations of monitoring, manufacturers

cannot rely directly on monitoring, statistics, or periodic

aseptic-processing simulations to ensure a sterility assur-

ance level.

Environmental monitoring is usually performed by per-

sonnel and thus requires operator intervention. As a re-

sult, environmental monitoring can both increase the

risk of contamination and also give false-positive results.
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Thus, intensive monitoring is unwarranted, particularly in

the ISO 5 environments that are used in the most critical

zones of aseptic processing.

A number of sampling methods can be used to assess

and control the microbiological status of controlled envi-

ronments for aseptic processing. At present, nearly all of

these methods rely on the growth and recovery of micro-

organisms, many of which can be in a damaged state

caused by environmental stress and therefore may be dif-

ficult to recover. The numerical values for air, surface, and

personnel monitoring included in this chapter are not in-

tended to represent limits or specifications but are strictly

informational. Because of the variety of microbiological

sampling equipment and methods, it is not scientifically

reasonable to suggest that the attainment of these values

guarantees microbial control or that excursions beyond

values in this chapter indicate a loss of control. The as-

sessment of risks associated with manufacturing environ-

ments must be made over a significant period; and in

each case, contamination recovery rate criteria should

be established on the basis of a review of actual findings

within the facility. The objective of each user should be to

use contamination recovery rates to track ongoing per-

formance and to refine the microbiological control pro-

gram to foster improvements. When optimum

operational conditions are achieved within a facility, con-

tamination recovery rate levels typically become relative-

ly stable within a normal range of variability.

There are no standard methods for air sampling, and

available literature indicates that air-sampling methods

are highly variable. It should not be assumed that similar

sample volumes taken by different methods will produce

similar rates of recovery. Many factors can affect microbi-

al recovery and survival, and different air sampler suppli-

ers may have designed their systems to meet different

requirements. Also, sample-to-sample variation in micro-

bial sampling can be extensive. Limited data are available

regarding the accuracy, precision, sensitivity, and limits

of detection of monitoring methods used in the aseptic

processing of healthcare products.

Surface sampling methods are also not standardized.

Different media are employed, and in the case of swabs,

different results have been reported for wet and dry swab

methods and contact plates. Replicate sample contact

plates should be expected to give similar results under

identical conditions, but rates of recovery have been re-

ported to be both lower than expected and highly vari-

able. In general, surface monitoring has been found to

recover 550%, even when used with relatively high in-

oculum levels on standardized coupons. In actual pro-

duction environments where organisms are stressed to

varying degrees, recovery rates may be lower.~USP35

Add the following:

~ADVANCED ASEPTIC TECHNOLOGIES

Advanced aseptic technologies can be defined as those

that do not rely on the direct intervention of human op-

erators during processing. At present, technologies such

as isolators, blow/fill/seal, and closed RABS (designs that

are never opened during setup or operation) may be

considered advanced aseptic technologies, provided

that direct intervention by gowned personnel is disal-

lowed during processing. In recent years, isolator tech-

nology has found a broad acceptance in healthcare

manufacturing. Isolators and closed RABS effectively

separate the operator from the critical aseptic processing

environment. Because these systems substantially reduce

contamination risk, their microbiological control levels

are higher than those of conventional clean rooms that

have the same particulate air classification level.~USP35
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Change to read:

Establishment of Clean Room Classifications

~CLEAN ROOM CLASSIFICATION FOR ASEPTIC

PROCESSING ENVIRONMENTS~USP35

The design and construction of clean rooms and controlled
environments are covered in Federal Standard 209E. This stan-
dard of air cleanliness is defined by the absolute concentration
of airborne particles. Methods used for the assignment of air
classification of controlled environments and for monitoring
of airborne particulates are included. This federal document on-
ly applies to airborne particulates within a controlled environ-
ment and is not intended to characterize the viable or
nonviable nature of the particles.

The application of Federal Standard 209E to clean rooms and
other controlled environments in the pharmaceutical industry
has been used by manufacturers of clean rooms to provide a
specification for building, commissioning, and maintaining
these facilities. However, data available in the pharmaceutical
industry provide no scientific agreement on a relationship be-
tween the number of nonviable particulates and the concentra-
tion of viable microorganisms.

The criticality of the number of nonviable particulates in the
electronic industry makes the application of Federal Standard
209E a necessity, while the pharmaceutical industry has a great-
er concern for viable particulates (i.e., microorganisms) rather
than total particulates as specified in Federal Standard 209E.
A definite concern for counts of total particulates in injectable
products exists in the pharmaceutical industry (see Particulate
Matter in Injections h788i).

The rationale that the fewer particulates present in a clean
room, the less likely it is that airborne microorganisms will be
present is accepted and can provide pharmaceutical manufac-
turers and builders of clean rooms and other controlled envi-
ronments with engineering standards in establishing a
properly functioning facility.

Federal Standard 209E, as applied in the pharmaceutical in-
dustry is based on limits of all particles with sizes equal to or
larger than 0.5 mm. Table 1 describes Airborne Particulate
Cleanliness Classes in Federal Standard 209E as adapted to
the pharmaceutical industry. The pharmaceutical industry deals
with Class M3.5 and above. Class M1 and M3 relate to the elec-
tronic industry and are shown in Table 1 for comparison purpos-
es. It is generally accepted that if fewer particulates are present
in an operational clean room or other controlled environment,
the microbial count under operational conditions will be less,
provided that there are no changes in airflow, temperature,
and humidity. Clean rooms are maintained under a state of op-
erational control on the basis of dynamic (operational) data.

Table 1. Airborne Particulate Cleanliness Classes*

Class Name Particles equal to and larger than 0.5 mm

SI
U.S.

Customary (m3) (ft3)

M1 — 10.0 0.283
M1.5 1 35.3 1.00
M2 — 100 2.8
M2.5 10 353 10.0
M3 — 1,000 28.3
M3.5 100 3,530 100
M4 — 10,000 283
M4.5 1,000 35,300 1,000
M5 — 100,000 2,830
M5.5 10,000 353,000 10,000
M6 1,000,000 28,300

Table 1. Airborne Particulate Cleanliness Classes* (Con-
tinued)

Class Name Particles equal to and larger than 0.5 mm

M6.5 100,000 3,530,000 100,000
M7 — 10,000,000 283,000

* Adapted from U.S. Federal Standard 209E, September 11,
1992—‘‘Airborne Particulate Cleanliness Classes in Clean
Rooms and Clean Zones.’’

~

The design and construction of clean rooms and con-

trolled environments are covered in ISO 14644. This

standard defines the performance of a clean environ-

ment with respect to the concentration of total particu-

lates per unit volume. ISO 14644 stipulates the total

particulate counts allowed for a clean environment to

meet the defined air quality classifications. The reader is

referred to this standard regarding the design character-

istics and certification of clean environments.

Pharmaceutical manufacturers are concerned with

nonviable particulate contamination in injectable prod-

ucts (see Particulate Matter in Injections h788i). Unlike mi-

crobial contamination in which experimental data

suggest that humans are the only significant source, non-

viable particulates can arise both from humans and from

processing equipment. Studies indicate that gowned hu-

mans slough particulate and microbial contamination at

a rather consistent rate. However, the relationship be-

tween microbial (viable) and nonviable contamination

does not hold for particulates shed by processing equip-

ment. Where equipment is the primary source of partic-

ulate matter, the resulting particulates are essentially all

nonviable.

The argument that if fewer total particulates are pre-

sent in a clean room, it is less likely that airborne micro-

organisms will be present is true only if human operators

are the source of particulate matter. It is not possible to

clearly distinguish between background total particulate

contamination generated largely by mechanical opera-

tions and the total particulates contributed by personnel.

Thus, it is both commonplace and proper for clean-room
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environmental monitoring programs to consist of both a

total particulate component and a microbiological com-

ponent. Table 1 describes the clean room classifications

commonly used in the pharmaceutical industry. The

pharmaceutical industry uses clean rooms of ISO 14644

Classes 5–8.

Table 1. Airborne Total Particulate Cleanliness Classesa

ISO Classb Particles �0.5 mm/ m3

ISO 5 3520

ISO 6 35,200

ISO 7 352,000

ISO 8 352,000,000
a Taken from ISO International Standard 14644 Part 1, pub-

lished by the International Organization for Standardization,
May 1999.
b The four ISO 14644-1 classes correspond closely to former
U.S. Federal Standard 209E classifications. The relationships
are ISO 5/Class 100, ISO 6/Class 1000, ISO 7/Class 10,000,
and ISO 8/Class 100,000.

Isolators and closed RABS present a different picture,

because personnel are excluded from the aseptic

processing environment and manipulations are made us-

ing glove-and-sleeve assemblies and half-suits made of

thick, flexible plastic (such as polyvinyl chloride or syn-

thetic rubber). Personnel have far less effect on the mi-

crobial quality of the environment within an isolator

enclosure than in clean room environments. Some users

have chosen to operate RABS in a manner that allows

open, direct human intervention. In an open operational

state, these systems are more similar in operation to con-

ventional clean rooms and therefore cannot be consid-

ered advanced aseptic processing systems. In an open

RABS, the ability of operators to adversely affect microbi-

al contamination risk is higher than with closed RABS or

isolators.

Specifications for air changes per hour and air velocities

are not included in ISO 14644, nor were they included in

Federal Standard 209E. Typically, ISO Class 8/Class

100,000 rooms are designed to provide a minimum of

20 air changes per hour; ISO Class 7/Class 10,000 rooms

are designed to provide more than 50 air changes per

hour; and ISO Class 5/Class 100 clean rooms provide

more than 100 air changes per hour. The design of some

facility criteria may differ. By diluting and removing con-

taminants, large volumes of air are likely to reduce air-

borne contamination in aseptic production. Optimum

conditions vary considerably, depending on process

characteristics, particularly the amount of contamination

derived from personnel. These specifications should be

used only as a guide in the design and operation of clean

rooms, because the precise correlations among air

changes per hour, air velocity, and microbial control have

not been satisfactorily established experimentally.

Manufacturers should maintain a predominantly unidi-

rectional flow of air (either vertical or horizontal) in a

staffed Class 5 clean room environment, particularly

when products, product containers, and closures are ex-

posed. In the evaluation of air movement within a clean

room, studying airflow visually by smoke studies or other

suitable means is probably more useful than using abso-

lute measures of airflow velocity and change rates. Risk

assessment models are another useful way of reducing

contamination risk and should be considered.

Air velocity and change rates are far less important in

isolators or closed RABS than in clean rooms because per-

sonnel are more carefully separated from the product,

product containers, and closures. Air velocities substan-

tially lower than those used in human-scale clean rooms

have proved adequate in isolator systems and may be ap-

propriate in RABS as well. In zones within isolators where

particulate matter poses a hazard to product quality, pre-

dominantly vertical or horizontal unidirectional airflow

can be maintained. Experience has shown that well-con-

trolled mixing or turbulent airflow is satisfactory for many

aseptic processes and for sterility testing within isolators

(see Sterility Testing—Validation of Isolator Systems

h1208i).~USP35
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Change to read:

IMPORTANCE OF A MICROBIOLOGICAL
EVALUATION PROGRAM FOR CONTROLLED

ENVIRONMENTS

Monitoring of total particulate count in controlled environ-
ments, even with the use of electronic instrumentation on a
continuous basis, does not provide information on the microbi-
ological content of the environment. The basic limitation of
particulate counters is that they measure particles of 0.5 mm
or larger. While airborne microorganisms are not free-floating
or single cells, they frequently associate with particles of 10 to
20 mm. Particulate counts as well as microbial counts within
controlled environments vary with the sampling location and
the activities being conducted during sampling. Monitoring
the environment for nonviable particulates and microorga-
nisms is an important control function because they both are
important in achieving product compendial requirements for
Foreign and Particulate Matter and Sterility under Injections h1i.

Microbial monitoring programs for controlled environments
should assess the effectiveness of cleaning and sanitization
practices by and of personnel that could have an impact on
the bioburden of the controlled environment. Microbial moni-
toring, regardless of how sophisticated the system may be, will
not and need not identify and quantitate all microbial contam-
inants present in these controlled environments. However, rou-
tine microbial monitoring should provide sufficient information
to ascertain that the controlled environment is operating within
an adequate state of control.

Environmental microbial monitoring and analysis of data by
qualified personnel will permit the status of control to be main-
tained in clean rooms and other controlled environments. The
environment should be sampled during normal operations to
allow for the collection of meaningful data. Microbial sampling
should occur when materials are in the area, processing activ-
ities are ongoing, and a full complement of operating personnel
is on site.

Microbial monitoring of clean rooms and some other con-
trolled environments, when appropriate, should include quan-
titation of the microbial content of room air, compressor air
that enters the critical area, surfaces, equipment, sanitization
containers, floors, walls, and personnel garments (e.g., gowns
and gloves). The objective of the microbial monitoring pro-
gram is to obtain representative estimates of bioburden of the
environment. When data are compiled and analyzed, any
trends should be evaluated by trained personnel. While it is im-
portant to review environmental results on the basis of recom-
mended and specified frequency, it is also critical to review
results over extended periods to determine whether trends
are present. Trends can be visualized through the construction
of statistical control charts that include alert and action levels.
The microbial control of controlled environments can be as-
sessed, in part, on the basis of these trend data. Periodic reports
or summaries should be issued to alert the responsible manag-
er.

When the specified microbial level of a controlled environ-
ment is exceeded, a documentation review and investigation
should occur. There may be differences in the details of the in-
vestigation, depending on the type and processing of the pro-
duct manufactured in the room. Investigation should include a
review of area maintenance documentation; sanitization docu-
mentation; the inherent physical or operational parameters,
such as changes in environmental temperature and relative hu-
midity; and the training status of personnel involved. Following
the investigation, actions taken may include reinforcement of
training of personnel to emphasize the microbial control of
the environment; additional sampling at increased frequency;
additional sanitization; additional product testing; identifica-
tion of the microbial contaminant and its possible source; and
an evaluation of the need to reassess the current standard op-
erating procedures and to revalidate them, if necessary.

Based on the review of the investigation and testing results,
the significance of the microbial level being exceeded and the
acceptability of the operations or products processed under
that condition may be ascertained. Any investigation and the
rationale for the course of action should be documented and
included as part of the overall quality management system.

A controlled environment such as a clean zone or clean room
is defined by certification according to a relevant clean room
operational standard. Parameters that are evaluated include fil-
ter integrity, air velocity, air patterns, air changes, and pressure
differentials. These parameters can affect the microbiological
bioburden of the clean room operation. The design, construc-
tion, and operation of clean rooms varies greatly, making it dif-
ficult to generalize requirements for these parameters. An
example of a method for conducting a particulate challenge
test to the system by increasing the ambient particle concentra-
tion in the vicinity of critical work areas and equipment has
been developed by Ljungquist and Reinmuller.1 First, smoke
generation allows the air movements to be visualized through-
out a clean room or a controlled environment. The presence of
vortices or turbulent zones can be visualized, and the airflow
pattern may be fine-tuned to eliminate or minimize undesirable
effects. Then, particulate matter is generated close to the critical
zone and sterile field. This evaluation is done under simulated
production conditions, but with equipment and personnel in
place.

Proper testing and optimization of the physical characteris-
tics of the clean room or controlled environment is essential pri-
or to completion of the validation of the microbiological
monitoring program. Assurance that the controlled environ-
ment is operating adequately and according to its engineering
specifications will give a higher assurance that the bioburden of
the environment will be appropriate for aseptic processing.
These tests should be repeated during routine certification of
the clean room or controlled environment and whenever
changes made to the operation, such as personnel flow, proces-
sing, operation, material flow, air-handling systems, or equip-
ment layout, are determined to be significant.

~

Total particulate monitoring may provide a better

means of evaluating the overall quality of the environ-

ment in isolators and closed RABS than in most conven-

tional clean rooms. The superior exclusion of human-

borne contamination provided by an isolator results in

an increased proportion of nonviable particulates. Total

particulate counting in an isolator is likely to provide an

immediate indicator of changes in contamination level.

Microbial monitoring programs should assess the

effectiveness of cleaning and sanitization practices by

and of personnel who could have an impact on the bio-

burden. Because isolators are typically decontaminated

using an automatic vapor or gas generation system, mi-

crobial monitoring is much less important in establishing

their efficiency in eliminating bioburden. These automa-

tic decontamination systems are validated directly, using

1 Interaction Between Air Movements and the Dispersion of Contami-
nants: Clean Zones with Unidirectional Air Flow, Journal of Parenteral
Science and Technology, 47(2), 1993.
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an appropriate biological indicator challenge, and are

controlled to defined exposure parameters during rou-

tine use to ensure consistent decontamination.

Microbial monitoring cannot and need not identify

and quantify all microbial contaminants in these con-

trolled environments. Microbiological monitoring of a

clean room is technically a semiquantitative exercise, be-

cause a truly quantitative evaluation of the environment

is not possible, given the limitations in sampling equip-

ment. Both the lack of precision of enumeration methods

and the restricted sample volumes that can be effectively

analyzed suggest that environmental monitoring is inca-

pable of providing direct quantitative information about

sterility assurance. Analysts should remember that no mi-

crobiological sampling plan can prove the absence of mi-

c rob ia l contaminat ion , even when no v iab le

contamination is recovered. The absence of growth on

a microbiological sample means only that growth was

not discovered; it does not mean that the environment

is free of contamination.

Routine microbial monitoring should provide sufficient

information to demonstrate that the aseptic processing

environment is operating in an adequate state of control.

The real value of a microbiological monitoring program

lies in its ability to confirm consistent, high-quality envi-

ronmental conditions at all times. Monitoring programs

can detect changes in the contamination recovery rate

that may be indicative of changes in the state of control

within the environment.

Environmental microbial monitoring and analysis of

data by qualified personnel can assist in ensuring that a

suitable state of control is maintained. The environment

should be sampled during normal operations to allow

the collection of meaningful, process-related data. Mi-

crobial sampling should occur when materials are in

the area, processing activities are ongoing, and a full

complement of personnel is working within the aseptic

processing environment.

Microbial monitoring of manufacturing clean rooms,

RABS, and isolators should include compressed gases,

surfaces, room or enclosure air, and any other materials

and equipment that might produce a risk of contamina-

tion. The analysis of contamination trends in an aseptic

environment has long been a component of the environ-

mental control program. In aseptic processing environ-

ments and particularly in ISO Class 5 environments,

contamination is infrequently observed. In isolator enclo-

sures, contamination is rarer still because of superior ex-

clusion of human-borne contamination. Because of the

criticality of these environments, even minor changes

in the contamination incident rates may be significant,

and manufacturers should frequently and carefully re-

view monitoring data. In less critical environments, mi-

crobial contamination may be higher, but changes in

recovery rates should be noted, investigated, and cor-

rected. Isolated recoveries of microorganisms should be

considered a normal phenomenon in conventional clean

rooms, and these incidents generally do not require spe-

cific corrective action, because it is almost certain that in-

vestigations will fail to yield a scientifically verifiable

cause. Because sampling itself requires an aseptic inter-

vention in conventional clean rooms, any single uncorre-

lated contamination event could be a false positive.

When contamination recovery rates increase from an

established norm, process and operational investigation

should take place. Investigations will differ depending on

the type and processing of the product manufactured in

the clean room, RABS, or isolator. Investigation should in-

clude a review of area maintenance documentation; sa-

nitization/decontamination documentation; the

occurrence of nonroutine events; the inherent physical

or operational parameters, such as changes in environ-

mental temperature and relative humidity; and the train-

ing status of personnel.
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In closed RABS and isolator systems, the loss of glove

integrity or the accidental introduction of material that

has not been decontaminated are among the most

probable causes of detectable microbial contamination.

Following the investigation, actions should be taken to

correct or eliminate the most probable causes of contam-

ination. Because of the relative rarity of contamination

events in modern facilities, the investigation often proves

inconclusive. When corrective actions are undertaken,

they may include reinforcement of personnel training

to emphasize acceptable gowning and aseptic tech-

niques and microbial control of the environment. Some

additional microbiological sampling at an increased fre-

quency may be implemented, but this may not be appro-

priate during aseptic processing because intrusive or

overly intensive sampling may entail an increased con-

tamination risk. When additional monitoring is desirable,

it may be more appropriate during process simulation

studies. Other measures that can be considered to better

control microbial contamination include additional sani-

tization, use of different sanitizing agents, and identifica-

tion of the microbial contaminant and its possible source.

In any aseptic environment, conventional or advanced,

the investigation and the rationale for the course of ac-

tion chosen as a result of the investigation must be care-

fully and comprehensively documented.~USP35

Add the following:

~PHYSICAL EVALUATION OF CONTAMINATION

CONTROL EFFECTIVENESS

Clean environments should be certified as described in

ISO 14644 in order to meet their design classification re-

quirements. The design, construction, and operation of

clean rooms vary greatly, so it is difficult to generalize re-

quirements for parameters such as filter integrity, air ve-

locity, air patterns, air changes, and pressure differential.

In particularly critical applications such as aseptic

processing, a structured approach to physical risk assess-

ment, may be appropriate.

One such method has been developed by Ljundqvist

and Reinmüller. This method, known as the L-R method,

challenges the air ventilation system by evaluating both

airflow and the ability of an environment to dilute and

remove airborne particles. In the L-R method, a smoke

generator allows analysts to visualize the air movements

throughout a clean room or a controlled environment,

including vortices or turbulent zones, and the airflow

pattern can be fine-tuned to minimize these undesirable

effects. Following visual optimization of airflow, particu-

late matter is generated close to the critical zone and

sterile field. This evaluation is done under simulated pro-

duction conditions but with equipment and personnel in

place. This type of test can also be used to evaluate the

ability of RABS and isolator systems, particularly around

product exit ports in these systems, to resist the effects

of contamination.

Visual evaluation of air movement within clean rooms

is a subjective process. Complete elimination of turbu-

lence or vortices is not possible in operationing clean

rooms that contain personnel and equipment. Air visual-

ization is simply one step in the effort to optimize clean

room operations and is not a definitive pass/fail test, be-

cause acceptable or unacceptable conditions are not

readily definable.

Proper testing and optimization of the physical charac-

teristics of the clean room or isolator are essential before

implementation of the microbiological monitoring pro-

gram. Assurance that the clean room or isolator is in

compliance with its predetermined engineering specifi-

cations provides confidence that the ability of the facility

systems and operating practices to control the biobur-

den and nonviable particulate matter are appropriate

for the intended use. These tests should be repeated dur-

ing routine certification of the clean room or advanced

Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1695

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



aseptic processing systems, and whenever significant

changes are made to the operation, such as personnel

flow, equipment operation, material flow, air-handling

systems, or equipment layout.~USP35

Change to read:

TRAINING OF PERSONNEL

Aseptically processed products require manufacturers to pay
close attention to detail and to maintain rigorous discipline and
strict supervision of personnel in order to maintain the level of
environmental quality appropriate for the sterility assurance of
the final product.

Training of all personnel working in controlled environments
is critical. This training is equally important for personnel re-
sponsible for the microbial monitoring program, where con-
tamination of the clean working area could inadvertently
occur during microbial sampling. In highly automated opera-
tions, the monitoring personnel may be the employees who
have the most direct contact with the critical zones within the
processing area. Monitoring of personnel should be conducted
before or after working in the processing area.

Microbiological sampling has the potential to contribute to
microbial contamination due to inappropriate sampling tech-
niques. A formal personnel training program is required to min-
imize this risk. This formal training should be documented for all
personnel entering controlled environments.

Management of the facility must assure that all personnel in-
volved in operations in clean rooms and controlled environ-
ments are well versed in relevant microbiological principles.
The training should include instruction on the basic principles
of aseptic processing and the relationship of manufacturing
and handling procedures to potential sources of product con-
tamination. This training should include instruction on the ba-
sic principles of microbiology, microbial physiology,
disinfection and sanitation, media selection and preparation,
taxonomy, and sterilization as required by the nature of person-
nel involvement in aseptic processing. Personnel involved in mi-
crobial identification will require specialized training on
required laboratory methods. Additional training on the man-
agement of the environmental data collected must be provided
to personnel. Knowledge and understanding of applicable stan-
dard operating procedures is critical, especially those standard
operating procedures relating to corrective measures that are
taken when environmental conditions so dictate. Understand-
ing of regulatory compliance policies and each individual’s re-
sponsibilities with respect to good manufacturing practices
(GMPs) should be an integral part of the training program as
well as training in conducting investigations and in analyzing
data.

The major source of microbial contamination of controlled
environments is the personnel. Contamination can occur from
the spreading of microorganisms by individuals, particularly
those with active infections. Only healthy individuals should
be permitted access to controlled environments.

These facts underscore the importance of good personal hy-
giene and a careful attention to detail in the aseptic gowning
procedure used by personnel entering the controlled environ-
ment. Once these employees are properly gowned—including
complete facial coverage—they must be careful to maintain the
integrity of their gloves and suits at all times. Since the major
threat of contamination of product being aseptically processed
comes from the operating personnel, the control of microbial
contamination associated with these personnel is one of the
most important elements of the environmental control pro-
gram.

The importance of thorough training of personnel working in
controlled environments, including aseptic techniques, cannot
be overemphasized. The environmental monitoring program,

by itself, will not be able to detect all events in aseptic proces-
sing that could compromise the microbiological quality of the
environment. Therefore, periodic media-fill or process simula-
tion studies to revalidate the process are necessary to assure
that the appropriate operating controls and training are effec-
tively maintained.

~

Because good personnel performance plays an essen-

tial role in the control of contamination, proper training

and supervision are central to contamination control.

Aseptic processing is the most critical activity conducted

in microbiological controlled environments, and manu-

facturers must pay close attention to details in all aspects

of this endeavor. Rigorous discipline and strict supervi-

sion of personnel are essential in order to ensure a level

of environmental quality appropriate for aseptic

processing.

Training of all personnel working in controlled environ-

ments is critical. This training is equally important for per-

sonnel responsible for the microbial monitoring

program, because contamination of the clean working

area could inadvertently occur during microbial sam-

pling. In highly automated operations, monitoring per-

sonnel may be the employees who have the most

direct contact with the critical surfaces and zones within

the processing area. Microbiological sampling has the

potential to contribute to microbial contamination

caused by inappropriate sampling techniques or by plac-

ing personnel in or near the critical zone. A formal train-

ing program is required to minimize this risk. This

training should be documented for all personnel who en-

ter controlled environments. Interventions should always

be minimized, including those required for monitoring

activities; but when interventions cannot be avoided,

they must be conducted with aseptic technique that ap-

proaches perfection as closely as possible.

Management of the facility must ensure that personnel

involved in operations in clean rooms and advanced

aseptic processing environments are well versed in rele-

vant microbiological principles. The training should in-

clude instruction about the basic principles of aseptic

technique and should emphasize the relationship of
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manufacturing and handling procedures to potential

sources of product contamination. Those supervising,

auditing, or inspecting microbiological control and mon-

itoring activities should be knowledgeable about the ba-

sic principles of microbiology, microbial physiology,

disinfection and sanitation, media selection and prepara-

tion, taxonomy, and sterilization. The staff responsible for

supervision and testing should have academic training in

medical or environmental microbiology. Sampling per-

sonnel as well as individuals working in clean rooms

should be knowledgeable about their responsibilities in

minimizing the release of microbial contamination. Per-

sonnel involved in microbial identification require spe-

cialized training about required laboratory methods.

Additional training about the management of collected

data must be provided. Knowledge and understanding

of applicable standard operating procedures are critical,

especially those procedures relating to corrective mea-

sures taken when environmental conditions require. Un-

derstanding of contamination control principles and

each individual’s responsibilities with respect to good

manufacturing practices (GMPs) should be an integral

part of the training program, along with training in con-

ducting investigations and in analyzing data.

The only significant sources of microbial contamina-

tion in aseptic environments are the personnel. Because

operators disperse contamination and because the ulti-

mate objective in aseptic processing is to reduce end-

user risk, only healthy individuals should be permitted ac-

cess to controlled environments. Individuals who are ill

must not be allowed to enter an aseptic processing envi-

ronment, even one that employs advanced aseptic tech-

nologies such as isolators, blow/fill/seal, or closed RABS.

The importance of good personal hygiene and a care-

ful attention to detail in aseptic gowning cannot be over-

emphasized. Gowning requirements differ depending on

the use of the controlled environment and the specifics

of the gowning system itself. Aseptic processing environ-

ments require the use of sterilized gowns with the best

available filtration properties. The fullest possible skin

coverage is desirable, and sleeve covers or tape should

be considered to minimize leaks at the critical glove–

sleeve junction. Exposed skin should never be visible in

conventional clean rooms under any conditions. The per-

sonnel and gowning considerations for RABS are essen-

tially identical to those for conventional clean rooms.

Once employees are properly gowned, they must be

careful to maintain the integrity of their gloves, masks,

and other gown materials at all times. Operators who

work with isolator systems are not required to wear sterile

clean-room gowns, but inadequate aseptic technique

and employee-borne contamination are the principal

hazards to safe aseptic operations in isolators as well as

in conventional clean rooms. Glove-and-sleeve assem-

blies can develop leaks that can allow the mechanical

transfer of microorganisms to the product. A second

glove, worn either under or over the primary isolator

glove, can provide an additional level of safety against

glove leaks or can act as a hygienic measure. Also, opera-

tors must understand that aseptic technique is an abso-

lute requirement for all manipulations performed with

gloves within isolator systems.

The environmental monitoring program, by itself, can-

not detect all events in aseptic processing that might

compromise the microbiological quality of the environ-

ment. Therefore, periodic media-fill or process simulation

studies are necessary, as is thorough ongoing supervi-

sion, to ensure that appropriate operating controls and

training are effectively maintained.~USP35
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Change to read:

Critical Factors Involved in the Design and
Implementation of a Microbiological

Environmental Control Program

~CRITICAL FACTORS IN THE DESIGN AND IMPLE-

MENTATION OF A MICROBIOLOGICAL ENVIRON-

MENTAL MONITORING PROGRAM~USP35

An environmental control program should be capable of de-
tecting an adverse drift in microbiological conditions in a timely
manner that would allow for meaningful and effective correc-
tive actions. It is the responsibility of the manufacturer to devel-
op, initiate, implement, and document such a microbial
environmental monitoring program.

Although general recommendations for an environmental
control program will be discussed, it is imperative that such a
program be tailored to specific facilities and conditions. A gen-
eral microbiological growth medium such as Soybean Casein
Digest Medium should be suitable in most cases. This medium
may be supplemented with additives to overcome or to mini-
mize the effects of sanitizing agents, or of antibiotics if used or
processed in these environments. The detection and quantita-
tion of yeasts and molds should be considered. General myco-
logical media, such as Sabouraud’s, Modified Sabouraud’s, or
Inhibitory Mold Agar are acceptable. Other media that have
been validated for promoting the growth of fungi, such as Soy-
bean–Casein Digest Agar, can be used. In general, testing for
obligatory anaerobes is not performed routinely. However,
should conditions or investigations warrant, such as the identi-
fication of these organisms in sterility testing facilities, more fre-
quent testing is indicated. The ability of the selected media to
detect and quantitate these anaerobes or microaerophilic mi-
croorganisms should be evaluated.

The selection of time and incubation temperatures is made
once the appropriate media have been selected. Typically, incu-
bation temperatures in the 22.5+2.58 and 32.5+2.58 ranges
have been used with an incubation time of 72 and 48 hours,
respectively. Sterilization processes used to prepare growth me-
dia for the environmental program should be validated and, in
addition, media should be examined for sterility and for growth
promotion as indicated under Sterility Tests h71i. In addition, for
the Growth Promotion test, representative microflora isolated
from the controlled environment or ATCC strain preparations
of these isolates may also be used to test media. Media must
be able to support growth when inoculated with less than
100 colony-forming units (cfu) of the challenge organisms.

An appropriate environmental control program should in-
clude identification and evaluation of sampling sites and valida-
tion of methods for microbiological sampling of the
environment.

The methods used for identification of isolates should be ver-
ified using indicator microorganisms (see Microbial Limit Tests
h61i).

~

Since the advent of comprehensive environmental

monitoring programs, their applications in capturing ad-

verse trends or drifts has been emphasized. In a modern

aseptic processing environment—whether an isolator,

RABS, or conventional clean room—contamination has

become increasingly rare. Nevertheless, a monitoring

program should be able to detect a change from the va-

lidated state of control in a facility and to provide infor-

mation for implementing appropriate countermeasures.

An environmental monitoring program should be tai-

lored to specific facilities and conditions. It is also helpful

to take a broad perspective in the interpretation of data.

A single uncorrelated result on a given day may not be

significant in the context of the technical limitations as-

sociated with aseptic sampling methods.

Selection of Growth Media

A general microbiological growth medium such as soy-

bean–casein digest medium (SCDM) is suitable for envi-

ronmental monitoring in most cases because it supports

the growth of a wide range of bacteria, yeast, and molds.

This medium can be supplemented with additives to

overcome or to minimize the effects of sanitizing agents

or of antibiotics. Manufacturers should consider the spe-

cific detection of yeasts and molds. Bacteria from aseptic

processing environments plated on SCDM medium will

not overgrow the medium. If necessary, general myco-

logical media such as Sabouraud’s, modified Sabour-

aud’s, or inhibitory mold agar can be used. In general,

monitoring for strict anaerobes is not performed, be-

cause these organisms are unlikely to survive in ambient

air. However, micro-aerophilic organisms may be ob-

served in aseptic processing. Should anoxic conditions

exist or if investigations warrant (e.g., identification of

these organisms in sterility testing facilities or Sterility

Tests h71i results), monitoring for micro-aerophiles and

organisms that grow under low-oxygen conditions may

be warranted. The ability of any media used in environ-

mental monitoring, including those selected to recover

specific types of organisms, must be evaluated for their

ability to support growth, as indicated in Chapter h71i.
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Selection of Culture Conditions

Time and incubation temperatures are set once the ap-

propriate media have been selected. Typically, for gener-

al microbiological growth media such as SCDM,

incubation temperatures in the ranges of 22.5+ 2.58

and 32.5+ 2.58 have been used with an incubation time

of not less than 72 hours. Longer incubation times may

be considered when contaminants are known to be slow

growing. The temperature ranges given above are by no

means absolute. Mesophilic bacteria and mold common

to the typical facility environment are generally capable

of growing over a wide range of temperatures. For many

mesophilic organisms, recovery is possible over a range

of approximately 208. In the absence of confirmatory evi-

dence, microbiologists may incubate a single plate at

both a low and a higher temperature. Incubating at

the lower temperature first may compromise the recov-

ery of Gram-positive cocci that are important because

they are often associated with humans.

Sterilization processes for preparing growth media

should be validated. When selective media are used for

monitoring, incubation conditions should reflect pub-

lished technical requirements. Contamination should

not be introduced into a manufacturing clean room as

a result of using contaminated sampling media or equip-

ment. Of particular concern is the use of aseptically pre-

pared sampling media. Wherever possible, sampling

media and their wrappings should be terminally sterilized

by moist heat, radiation, or other suitable means. If asep-

tically prepared media must be used, analysts must carry

out preincubation and 100% visual inspection of all sam-

pling media before introduction into the clean room. The

reader is referred to Microbiological Best Laboratory Prac-

tices h1117i for further information regarding microbiol-

ogy laboratory operations and control.~USP35

Change to read:

ESTABLISHMENT OF SAMPLING PLAN AND
SITES

During initial start-up or commissioning of a clean room or
other controlled environment, specific locations for air and sur-
face sampling should be determined. Consideration should be
given to the proximity to the product and whether air and sur-
faces might be in contact with a product or sensitive surfaces of
container-closure systems. Such areas should be considered
critical areas requiring more monitoring than non-product-con-
tact areas. In a parenteral vial filling operation, areas of opera-
tion would typically include the container-closure supply, paths
of opened containers, and other inanimate objects (e.g., fo-
mites) that personnel routinely handle.

The frequency of sampling will depend on the criticality of
specified sites and the subsequent treatment received by the
product after it has been aseptically processed.

Table 2 shows suggested frequencies of sampling in decreas-
ing order of frequency of sampling and in relation to the criti-
cality of the area of the controlled environment being sampled.

As manual interventions during operation increase, and as
the potential for personnel contact with the product increases,
the relative importance of an environmental monitoring pro-
gram increases. Environmental monitoring is more critical for
products that are aseptically processed than for products that
are processed and then terminally sterilized. The determination
and quantitation of microorganisms resistant to the subsequent
sterilization treatment is more critical than the microbiological
environmental monitoring of the surrounding manufacturing
environments. If the terminal sterilization cycle is not based
on the overkill cycle concept but on the bioburden prior to ster-
ilization, the value of the bioburden program is critical.

The sampling plans should be dynamic with monitoring fre-
quencies and sample plan locations adjusted based on trending
performance. It is appropriate to increase or decrease sampling
based on this performance.

~

During initial startup or commissioning of a clean

room or other controlled environment, specific locations

for air and surface sampling should be determined. Loca-

tions considered should include those in proximity to the

exposed product, containers, closures, and product con-

tact surfaces. In aseptic processing, the area in which

containers, closures, and product are exposed to the en-

vironment is often called the critical zone. For aseptic op-

erations the entire critical zone should be treated as a

sterile field. A nonsterile object, including the operator’s

gloved hands or isolator glove, should never be brought

into contact with a sterile product, container closure, fill-

ing station, or conveying equipment before or during

aseptic processing operations. Operators and environ-

mental monitoring personnel should never touch sterile

parts of conveyors, filling needles, parts hoppers, or any
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other equipment that is in the product-delivery pathway.

This means that surface monitoring on these surfaces is

best done at the end of production operations.

The frequency of sampling depends on the manufac-

turing process conducted within an environment. Classi-

fied environments that are used only to provide a lower

overall level of bioburden in nonsterile product manufac-

turing areas require relatively infrequent environmental

monitoring. Classified environments in which closed

manufacturing operations are conducted, including fer-

mentation, sterile API processing, and chemical proces-

ses, require fewer monitoring sites and less frequent

monitoring because the risk of microbial contamination

from the surrounding environment is comparatively low.

Microbiological monitoring of environments in which

products are filled before terminal sterilization is general-

ly less critical than the monitoring of aseptic processing

areas. The amount of monitoring required in filling oper-

ations for terminal sterilization depends on the suscepti-

bility of the product survival and the potential for

proliferation of microbial contamination. The identifica-

tion and estimated number of microorganisms that are

resistant to the subsequent sterilization may be more crit-

ical than the microbiological monitoring of the surround-

ing manufacturing environments.

It is not possible to recommend microbial control levels

for each type of manufacturing environment. The levels

established for one ISO Class 7 environment, for exam-

ple, may be inappropriate for another ISO Class 7 envi-

ronment, depending on the production activities

undertaken in each. The user should conduct a prospec-

tive risk analysis and develop a rationale for the sampling

locations and frequencies for each controlled environ-

ment. The classification of a clean room helps establish

control levels, but that does not imply that all rooms of

the same classification should have the same control lev-

els and the same frequency of monitoring. Monitoring

should reflect the microbiological control requirements

of manufacturing or processing activities. Formal risk as-

sessment techniques can result in a scientifically valid

contamination control program.

Table 2 suggests frequencies of sampling in decreasing

order of frequency and in relation to the criticality or pro-

duct risk of the area being sampled. Environmental mon-

itoring sampling plans should be flexible with respect to

monitoring frequencies, and sample plan locations

should be adjusted on the basis of the observed rate of

contamination and ongoing risk analysis. On the basis

of long-term observations, manufacturers may increase

or decrease sampling at a given location or eliminate a

sampling location altogether. Oversampling can be as

deleterious to contamination control as undersampling,

and careful consideration of risk and reduction of con-

tamination sources can guide the sampling intensi-

ty.~USP35
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Table 2. Suggested Frequency of Sampling on the Basis of Criticality of Controlled Environment

~Suggested Frequency of Sampling for Aseptic Processing Areas~USP35

Sampling Area
Frequency of

Sampling

Class 100 or better room designations

~

ISO Class 5 or better~USP35

Each operating shift

~

(if a Class 5 rated hood is used only for control

of nonviable particulates, microbiological testing is

not required)~USP35

Supporting areas immediately adjacent to Class 100 (e.g., Class
10,000)

Each operating shift

Other support areas (Class 100,000)

~

Isolator systems: active air sampling~USP35

Twice/week

~

Once per day~USP35

Potential product/container contact areas

~

Isolator systems: surface monitoring~USP35

Twice/week

~

At the end of each campaign~USP35

~

Aseptic processing area adjacent to ISO Class 5 (e.g., Class

7)~USP35

~

Each operating

shift~USP35

Other support areas to aseptic processing areas but non-product con-
tact (Class 100,000 or lower)

~

Other support areas in aseptic processing (ISO Class 8)~USP35

Once/week

~Once per week~USP35

Add the following:

~SELECTION OF SAMPLE SITES WITHIN CLEAN

ROOMS AND ASEPTIC PROCESSING AREAS

ISO 14644 suggests a grid approach for the total par-

ticulate air classification of clean rooms. This approach is

appropriate for certifying the total particulate air quality

performance against its design objective. Grids may also

have value in analyzing risk from microbial contamina-

tion, although in general, grids that have no personnel

activity are likely to have low risk of contamination. Mi-

crobial contamination is strongly associated with person-

nel, so microbiological monitoring of unstaffed

environments is of limited value.

Microbiological sampling sites are best selected with

consideration of human activity during manufacturing

operations. Careful observation and mapping of the

clean room during the qualification phase can provide

useful information concerning the movement and posi-

tioning of personnel. Such observation can also yield im-

portant information about the most frequently

conducted manipulations and interventions.

The location and movement of personnel within the

clean room correlate with contamination risk to the envi-

ronment and to the processes conducted within that en-

vironment. Sample sites should be selected so that they

evaluate the impact of personnel movement and work

within the area, particularly interventions and manipula-

tions within the critical zone.

Other areas of concern are entry points where equip-

ment and materials move from areas of lower classifica-

tion to those of higher classification. Areas within and

around doors and airlocks should be included in the

monitoring scheme. It is customary to sample walls and

floors, and indeed sampling at these locations can pro-

vide information about the effectiveness of the sanitiza-

tion program. Sampling at these locations can take place

relatively infrequently, because contamination there is

unlikely to affect product. Operators should never touch
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floors and walls, so mechanical transmission of contami-

nation from these surfaces to critical areas where product

is exposed should not occur. The most likely route of con-

tamination is airborne, so the samples most critical to risk

assessment are those that relate to airborne contamina-

tion near exposed sterile materials.

Manufacturers typically monitor surfaces within the

critical zone, although this should be done only at the

end of operations. Residues of media or diluent from

wet swabs should be avoided on surfaces, because they

could lead to microbial proliferation. Also, cleaning sur-

faces to remove diluent or media requires personnel in-

tervention and movements that can result in release of

microbial contamination into the critical zone and can

disrupt airflow.~USP35

Add the following:

~MICROBIOLOGICAL CONTROL PARAMETERS IN

CLEAN ROOMS AND ISOLATORS

Since the early 1980s, manufacturers have established

alert and action levels for environmental monitoring. In

recent years the numerical difference between alert and

action levels has become quite small, especially in ISO 5

environments. Growth and recovery in microbiological

assays have normal variability in the range of +0.5

log10. Studies on active microbiological air samplers indi-

cate that variability of as high as tenfold is possible

among commonly used sampling devices. As a result of

this inherent variability and indeterminate sampling er-

ror, the supposed differences between, for example, an

alert level of 1 cfu and an action level of 3 cfu are not an-

alytically significant. Treating differences that are within

expected and therefore normal ranges as numerically dif-

ferent is not scientifically valid and can result in unwar-

ranted activities. In a practical sense, numerical values

that vary by as much as five- to tenfold may not be sig-

nificantly different.

Because of the limited accuracy and precision of micro-

bial growth and recovery assays, analysts can consider

the frequency with which contamination is detected

rather than absolute numbers of cfu detected in any sin-

gle sample. Also, a cfu is not a direct enumeration of mi-

croorganisms present but rather is a measure of

contamination that may have originated from a clump

of organisms.

Mean contamination recovery rates should be deter-

mined for each clean room environment, and changes

in contamination recovery rate at a given site or within

a given room may indicate the need for corrective action.

Within the ISO 5 critical zone, airborne and surface con-

tamination recovery rates of 1% or less should be attain-

able with current methods. Contamination recovery

rates for closed RABS and isolator systems should be sig-

nificantly lower still and can be expected to be 50.1%,

on the basis of published monitoring results.

Contamination observed at multiple sites in an envi-

ronment within a single sampling period may indicate in-

creased risk to product and should be carefully

evaluated. The appearance of contamination nearly si-

multaneously at multiple sites could also arise from poor

sampling technique, so careful review is in order before

drawing conclusions about potential loss of control. Re-

sampling an environment several days after contamina-

tion is of little value, because the conditions during one

sampling occasion may not be accurately duplicated dur-

ing another.

Surface samples may also be taken from clean room

garments. Personnel sampling should be emphasized

during validation and is best done at the completion of

production work in order to avoid adventitious contam-

ination of the garments. In this case the average should

be 51% for these sample sites as well. Gloves on closed

RABS and isolators should meet the more rigorous expec-

tation of 50.1% contamination recovery rates.
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Because of the inherent variability of microbial sam-

pling methods, contamination recovery rates are a more

useful measure of trending results than is focusing on the

number of colonies recovered from a given sample. Table

3 provides recommended contamination recovery rates

for aseptic processing environments. The incident rate is

the rate at which environmental samples are found to

contain microbial contamination. For example, an inci-

dent rate of 1% would mean that only 1% of the samples

taken have any contamination regardless of colony num-

ber. In other words, 99% of the samples taken are com-

pletely free of contamination. Contamination recovery

rates that are higher than those recommended in Table

3 may be acceptable in rooms of similar classification that

are used for lower-risk activities. Action should be re-

quired when the contamination recovery rate trends

above these recommendations for a significant time.

Table 3. Suggested Initial Contamination Recovery
Rates in Aseptic Environments

R o o m

Classifi-

cation

A c t i v e

Air

Sample

(%)

S e t t l e

Plate

(9 cm)

4 h

E x p o -

sure

(%)

Contact

Plate or

S w a b

(%)

G l o v e

or Gar-

m e n t

(%)

Isolator/

C lo sed

R A B S

( I S O 5

or

Better)

50.1 50.1 50.1 50.1

ISO 5 51 51 51 51

ISO 6 53 53 53 53

ISO 7 55 55 55 55

ISO 8 510 510 510 510

Detection frequency should be based on actual moni-

toring data and should be retabulated monthly. Action

levels should be based on empirical process capability.

If detection frequencies exceed the recommendations

in Table 3 or are greater than established process capabil-

ity, then corrective actions should be taken. Corrective

actions may include but are not limited to the following:

� Revision of the sanitization program, including selec-

tion of antimicrobial agents, application methods,

and frequencies

� Increased surveillance of personnel practices, possi-

bly including written critiques of aseptic methods

and techniques

� Review of microbiological sampling methods and

techniques

When higher-than-typical recovery levels for glove and

garment contamination are observed, additional training

for gowning practices may be indicated.~USP35

Delete the following:

~

ESTABLISHMENT OF MICROBIOLOGICAL ALERT AND
ACTION LEVELS IN CONTROLLED ENVIRONMENTS

The principles and concepts of statistical process control are
useful in establishing Alert and Action levels and in reacting to
trends.

An Alert level in microbiological environmental monitoring is
that level of microorganisms that shows a potential drift from
normal operating conditions. Exceeding the Alert level is not
necessarily grounds for definitive corrective action, but it
should at least prompt a documented follow-up investigation
that could include sampling plan modifications.

An Action level in microbiological environmental monitoring
is that level of microorganisms that when exceeded requires im-
mediate follow-up and, if necessary, corrective action.

Alert levels are usually based upon historical information
gained from the routine operation of the process in a specific
controlled environment.

In a new facility, these levels are generally based on prior ex-
perience from similar facilities and processes; and at least sever-
al weeks of data on microbial environmental levels should be
evaluated to establish a baseline.

These levels are usually re-examined for appropriateness at an
established frequency. When the historical data demonstrate
improved conditions, these levels can be re-examined and
changed to reflect the conditions. Trends that show a deterio-
ration of the environmental quality require attention in deter-
mining the assignable cause and in instituting a corrective
action plan to bring the conditions back to the expected rang-
es. However, an investigation should be implemented and an
evaluation of the potential impact this has on a product should
be made.~USP35
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Delete the following:

~

Microbial Considerations and Action Levels for Con-
trolled Environments

Classification of clean rooms and other controlled environ-
ments is based on Federal Standard 209E based on total partic-
ulate counts for these environments. The pharmaceutical and
medical devices industries have generally adopted the classifi-
cation of Class 100, Class 10,000, and Class 100,000, especially
in terms of construction specifications for the facilities.

Although there is no direct relationship established between
the 209E controlled environment classes and microbiological
levels, the pharmaceutical industry has been using microbial
levels corresponding to these classes for a number of years;
and these levels have been those used for evaluation of current
GMP compliance.2 These levels have been shown to be readily
achievable with the current technology for controlled environ-
ments. There have been reports and concerns about differences
in these values obtained using different sampling systems, me-
dia variability, and incubation temperatures. It should be recog-
nized that, although no system is absolute, it can help in
detecting changes, and thus trends, in environmental quality.
The values shown in Tables 3, 4, and 5 represent individual test
results and are suggested only as guides. Each manufacturer’s
data must be evaluated as part of an overall monitoring pro-
gram.

Table 3. Air Cleanliness Guidelines in Colony-Forming
Units (cfu) in Controlled Environments (Using a Slit-to-

Agar Sampler or Equivalent)

Class*
cfu per cubic
meter of air**

cfu per cubic
feet of air

SI U.S. Customary

M3.5 100 Less than 3 Less than 0.1

M5.5 10,000 Less than 20 Less than 0.5

M6.5 100,000 Less than 100 Less than 2.5

* As defined in Federal Standard 209E, September 1992.
** A sufficient volume of air should be sampled to detect excur-
sions above the limits specified.

Table 4. Surface Cleanliness Guidelines of Equipment
and Facilities in cfu in Controlled Environments

Class
cfu per Contact

Plate*

SI U.S. Customary

M3.5 100 3 (including
floor)

M5.5 10,000 5

10 (floor)

* Contact plate areas vary from 24 to 30 cm2. When swabbing
is used in sampling, the area covered should be greater than or
equal to 24 cm2 but no larger than 30 cm2.

Table 5. Surface Cleanliness Guidelines in Controlled
Environments of Operating Personnel Gear in cfu

Class cfu per Contact Plate*

SI U.S. Customary Gloves

Personnel
Clothing &

Garb

M3.5 100 3 5
M5.5 10,000 10 20

* See in Table 4 under (*).

~USP35

Add the following:

~SIGNIFICANT EXCURSIONS

Excursions beyond approximately 15 cfu recovered

from a single sample, whether from airborne, surface,

or personnel sources, should happen very infrequently.

When such excursions do occur, they may be indicative

of a significant loss of control, particularly when they oc-

cur within the ISO 5 critical zone in close proximity to

product and components. Thus, any excursion 415

cfu should prompt a careful and thorough investigation.

A key consideration for an abnormally high number of

recovered colonies is whether this incident is isolated or

can be correlated with other recoveries. Microbiologists

should review recovery rates for at least two weeks before

the incident of abnormally high recovery so that they can

be aware of other recoveries that might indicate an un-

usual pattern. Microbiologists should carefully consider

all recoveries, including those that are in the more typical

1- to 5-cfu range. The identity of the organisms recov-

ered is an important factor in the conduct of this investi-

gation.

In the case of an isolated single excursion, establishing

a definitive cause probably will not be possible, and only

general corrective measures can be considered. It is never

wise to suggest a root cause for which there is no solid

scientific evidence. Also, there should be an awareness

of the variability of microbial analysis. Realistically, there

is no scientific reason to treat a recovery of 25 cfu as sta-

tistically different from a recovery of 15 cfu. One should
2 NASA, 1967—Microbiology of Clean Rooms.
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not consider A valueof 15 cfu should not be considered

significant in terms of process control, because realisti-

cally there is no difference between a recovery of 14

cfu and one of 15 cfu. Microbiologists should use practi-

ca l s c i en t i fic judgment in the i r approach to

excursions.~USP35

Add the following:

~FURTHER CONSIDERATIONS ABOUT DATA

INTERPRETATION

In the high-quality environments required for aseptic

processing, detection frequency typically is low. As can

be seen from the rates recommended in Table 3, the ma-

jority of samples taken in an aseptic processing area will

yield a recovery of zero contamination. In the most crit-

ical areas within an aseptic processing operation, it is ex-

pected that less than 1% of the samples will yield any

recoverable contamination. In the most advanced of

modern aseptic operations that use separative technolo-

gies such as isolators or closed RABS, the recovery rate

will approach zero at all times.

The microbiologist responsible for environmental con-

trol or sterility assurance should not take this to mean

that the environmental quality approaches sterility. The

sensitivity of any microbial sampling system in absolute

terms is not known. In environmental monitoring, a re-

sult of zero means only that the result is below the limit

of detection of the analytical system. A false sense of se-

curity should not be derived from the infrequency of con-

tamination recovery in aseptic processing.

Sterility assurance is best accomplished by the careful

control of human-borne contamination, which industry

experts agree is the primary significant risk in aseptic pro-

cessing. Risk analysis models that analyze processes pro-

spectively to reduce human-borne contamination risk by

minimizing operator interventions are more powerful

tools for sterility assurance than monitoring. Environ-

mental monitoring cannot prove or disprove in absolute

terms the sterility of a lot of product. Environmental

monitoring can only assure those responsible for a pro-

cess that a production system is in a consistent, validated

state of control. Care should be taken to avoid drawing

inappropriate conclusions from monitoring results.~USP35

Change to read:

Methodology and Instrumentation for
Quantitation of Viable Airborne

Microorganisms

~SAMPLING AIRBORNE MICROORGANISMS~USP35

It is generally accepted by scientists that airborne microorga-
nisms in controlled environments can influence the microbio-
logical qual ity of the intermediate or final products
manufactured in these areas. Also, it generally is accepted that
estimation of the airborne microorganisms can be affected by
instruments and procedures used to perform these assays.
Therefore, where alternative methods or equipment is used,
the general equivalence of the results obtained should be ascer-
tained. Advances in technology in the future are expected to
bring innovations that would offer greater precision and sensi-
tivity than the current available methodology and may justify a
change in the absolute numbers of organisms that are detect-
ed.

Today, the most commonly used samplers in the U.S. phar-
maceutical and medical device industry are the impaction and
centrifugal samplers. A number of commercially available sam-
plers are listed for informational purposes. The selection, appro-
priateness, and adequacy of using any particular sampler is the
responsibility of the user.

~

Among the most commonly used tools for monitor-

ing aseptic environments are impaction and centrifugal

samplers. A number of commercially available samplers

are listed for informational purposes. The selection, ap-

propriateness, and adequacy of using any particular sam-

pler are the responsibility of the user.~USP35

Slit-to-Agar Air Sampler (STA)—This sampler is the instrument
upon which the microbial guidelines given in Table 3 for the
various controlled environments are based. The unit is powered
by an attached source of controllable vacuum. The air intake is
obtained through a standardized slit below which is placed a
slowly revolving Petri dish containing a nutrient agar. Particles
in the air that have sufficient mass impact on the agar surface
and viable organisms are allowed to grow out. A remote air in-
take is often used to minimize disturbance of the laminar flow
field.

~The unit is powered by an attached source of controlla-

ble vacuum. The air intake is obtained through a stan-

dardized slit below which is placed a slowly revolving

Petri dish that contains a nutrient agar. Airborne particles

that have sufficient mass impact the agar surface, and vi-
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able organisms are allowed to grow. A remote air intake is

often used to minimize disturbance of unidirectional air-

flow.~USP35

Sieve Impactor—The apparatus consists of a container de-
signed to accommodate a Petri dish containing a nutrient agar.
The cover of the unit is perforated, with the perforations of a
predetermined size. A vacuum pump draws a known volume
of air through the cover, and the particles in the air containing
microorganisms impact on the agar medium in the Petri dish.
Some samplers are available with a cascaded series of con-
tainers containing perforations of decreasing size. These units
allow for the determination of the distribution of the size ranges
of particulates containing viable microorganisms, based on
which size perforations admit the particles onto the agar plates.

~

This apparatus consists of a container designed to ac-

commodate a Petri dish that contains a nutrient agar.

The cover of the unit is perforated with openings of a pre-

determined size. A vacuum pump draws a known volume

of air through the cover, and airborne particles that con-

tain microorganisms impact the agar medium in the Petri

dish. Some samplers feature a cascaded series of sieves

that contain perforations of decreasing size. These units

allow determination of the size range distribution of par-

ticulates that contain viable microorganisms based on

the size of the perforations through which the particles

landed on the agar plates.~USP35

Centrifugal Sampler—The unit consists of a propeller or tur-
bine that pulls a known volume of air into the unit and then
propels the air outward to impact on a tangentially placed nu-
trient agar strip set on a flexible plastic base.

Sterilizable Microbiological Atrium—The unit is a variant of the
single-stage sieve impactor. The unit’s cover contains uniformly
spaced orifices approximately 0.25 inch in size. The base of the
unit accommodates one Petri dish containing a nutrient agar. A
vacuum pump controls the movement of air through the unit,
and a multiple-unit control center as well as a remote sampling
probe are available.

Surface Air System Sampler—This integrated unit consists of
an entry section that accommodates an agar contact plate. Im-
mediately behind the contact plate is a motor and turbine that
pulls air through the unit’s perforated cover over the agar con-
tact plate and beyond the motor, where it is exhausted. Multi-
ple mounted assemblies are also available.

Gelatin Filter Sampler—The unit consists of a vacuum pump
with an extension hose terminating in a filter holder that can
be located remotely in the critical space. The filter consists of
random fibers of gelatin capable of retaining airborne microor-
ganisms. After a specified exposure time, the filter is aseptically
removed and dissolved in an appropriate diluent and then plat-
ed on an appropriate agar medium to estimate its microbial
content.

Settling Plates—This method is still widely used as a simple
and inexpensive way to qualitatively assess the environments
over prolonged exposure times. The exposure of open agar-
filled Petri dishes, or settling plates, is not to be used for quan-
titative estimations of the microbial contamination levels of crit-
ical enviroments.

~

Published data indicate that settling plates, when ex-

posed for 4- to 5-hour periods, can provide a limit of de-

tection for a suitable evaluation of the aseptic

environment. Settling plates may be particularly useful

in critical areas where active sampling could be intrusive

and a hazard to the aseptic operation.~USP35

One of the major limitations of mechanical air samplers is the
limitation in sample size of air being sampled. Where the micro-
bial level in the air of a controlled environment is expected to
contain not more than three cfu per cubic meter, several cubic
meters of air should be tested if results are to be assigned a rea-
sonable level of precision and accuracy. Often this is not prac-
tical. To show that microbial counts present in the environment
are not increasing over time, it might be necessary to extend
the time of sampling to determine if the time of sampling is a
limiting factor or not. Typically, slit-to-agar samplers have an
80-liter-per-minute sampling capacity (the capacity of the sur-
face air system is somewhat higher). If one cubic meter of air is
tested, then it would require an exposure time of 15 minutes. It
may be necessary to use sampling times in excess of 15 minutes
to obtain a representative environmental sample. Although
there are samplers reported to be capable of very high sampling
volume rates, consideration in these situations should be given
to the potential for disruption of the airflow patterns in any crit-
ical area or to the creation of a turbulence that could increase
the probability of contamination.

~

One of the major drawbacks of mechanical air sam-

plers is the limited sample size of air being tested. When

the microbial level in the air of a controlled environment

is expected to contain extremely low levels of contamina-

tion per unit volume, at least 1 cubic meter of air should

be tested in order to maximize sensitivity. Typically, slit-

to-agar devices have an 80-L/min sampling capacity

(the capacity of the surface air system is somewhat high-

er). If 1 cubic meter of air were tested, then it would re-

quire an exposure time of 15 min. It may be necessary to

use sampling times in excess of 15 min to obtain a repre-

sentative environmental sample. Although some sam-

plers are reported to have high sampling volumes,

consideration should be given to the potential for disrup-

tion of the airflow patterns in any critical area and to the

creation of turbulence.

Technicians may wish to use remote sampling systems

in order to minimize potential risks resulting from inter-

vention by environmental samplers in critical zones. Re-

gardless of the type of sampler used, analysts must

determine that the extra tubing needed for a remote
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probe does not reduce the method’s sensitivity to such

an extent that detection of low levels of contamination

becomes unlikely or even impossible.~USP35

For centrifugal air samplers, a number of earlier studies
showed that the samples demonstrated a selectivity for larger
particles. The use of this type of sampler may have resulted in
higher airborne counts than the other types of air samplers be-
cause of that inherent selectivity.

When selecting a centrifugal sampler, the effect of the sam-
pler on the linearity of the airflow in the controlled zone where
it is placed for sampling should be taken into consideration. Re-
gardless of the type of sampler used, the use of a remote probe
requires determining that the extra tubing does not have an ad-
verse effect on the viable airborne count. This effect should ei-
ther be eliminated or, if this is not possible, a correction factor
should be introduced in the reporting of results.

~

~USP35

Change to read:

Methodology and Equipment for Sampling of
Surfaces for Quantitation of Viable Microbial
Contaminants in Controlled Environments

~SURFACE SAMPLING~USP35

Another component of the microbial environmental control
program in controlled environments is surface sampling of
equipment, facilities, and personnel gear used in these environ-
ments. The standardization of surface sampling methods and
procedures has not been as widely addressed in the pharma-
ceutical industry as the standardization of air sampling proce-
dures.3 To minimize disruptions to critical operations, surface
sampling is performed at the conclusion of operations. Surface
sampling may be accomplished by the use of contact plates or
by the swabbing method. Surface monitoring is generally per-
formed on areas that come in contact with the product and
on areas adjacent to those contact areas. Contact plates filled
with nutrient agar are used when sampling regular or flat sur-
faces and are directly incubated at the appropriate time for a
given incubation temperature for quantitation of viable counts.
Specialized agar can be used for specific quantitation of fungi,
spores, etc.

The swabbing method may be used for sampling of irregular
surfaces, especially for equipment. Swabbing is used to supple-
ment contact plates for regular surfaces. The swab is then
placed in an appropriate diluent and the estimate of microbial
count is done by plating of an appropriate aliquot on or in spec-
ified nutrient agar. The area to be swabbed is defined using a
sterile template of appropriate size. In general, it is in the range
of 24 to 30 cm2. The microbial estimates are reported per con-
tact plate or per swab.

~

Another component of the microbial-control pro-

gram in controlled environments is surface sampling of

equipment, facilities, and personnel. The standardization

of surface sampling methods and procedures has not

been as widely addressed in the pharmaceutical industry

as has the standardization of air-sampling procedures.

Surface sampling can be accomplished by the use of con-

tact plates or by the swabbing method.

Contact plates filled with nutrient agar are used for

sampling regular or flat surfaces and are directly incubat-

ed for the appropriate time and temperature for recovery

of viable organisms. Specialized agar can be used for the

recovery of organisms that have specific growth require-

ments. Microbial estimates are reported per contact

plate.

The swabbing method can be used to supplement

contact plates for sampling of irregular surfaces, especial-

ly irregular surfaces of equipment. The area that will be

swabbed is defined with a sterile template of appropriate

size. In general, it is in the range of 24 to 30 cm2. After

sample collection the swab is placed in an appropriate

diluent or transport medium and is plated onto the de-

sired nutrient agar. The microbial estimates are reported

per swab of defined sampling area.

Surface monitoring is used as an environmental assess-

ment tool in all types of classified environments. In ISO 5

environments for aseptic processing, surface monitoring

is generally performed beside critical areas and surfaces.

Component hoppers and feed chutes that contact sterile

surfaces on closures and filling needles can be tested for

microbial contamination. Often in conventional staffed

clean rooms, these product contact surfaces are steam

sterilized and aseptically assembled. The ability of opera-

tors to perform these aseptic manipulations are evaluat-

ed during process stimulations or media fills, although

true validation of operator technique in this manner is

not possible. Surface monitoring on surfaces that directly

contact sterile parts or product should be done only after

production operations are completed. Surface sampling

is not a sterility test and should not be a criterion for the

release or rejection of product. Because these samples

3 The Sixteenth Edition of Standard Methods for the Examination of
Dairy Products (the American Health Association) provides a section
on surface sampling.
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must be taken aseptically by personnel, it is difficult to

establish with certainty that any contamination recov-

ered is product related.~USP35

Change to read:

CULTURE MEDIA AND DILUENTS Used for
Sampling or Quantitation of Microorganisms

~

~USP35

The type of medium, liquid or solid, that is used for sampling
or quantitation of microorganisms in controlled environments
will depend on the procedure and equipment used. A com-
monly used all-purpose medium is Soybean–Casein Digest Agar
when a solid medium is needed. Other media, liquid or solid,
are listed below.

~

The type of medium, liquid or solid, used for sampling

or plating microorganisms depends on the procedure

and equipment used. Any medium used should be eval-

uated for suitability for the intended purpose. The most

commonly used all-purpose solid microbiological growth

medium is soybean–casein digest agar. As previously not-

ed, this medium can be supplemented with chemicals

that counteract the effect of various antimicrobials.~USP35

These media are commercially available in dehydrated form.
They are also available in ready-to-use form. When disinfectants
or antibiotics are used in the controlled area, consideration
should be given to using media with appropriate inactivating
agents.

Liquid Media* Solid Media*

Tryptone saline Soybean-casein digest agar
Peptone water Nutrient agar
Buffered saline Tryptone glucose extract agar
Buffered gelatin Lecithin agar
Enriched buffered gela-
tin

Brain heart infusion agar

Brain heart infusion Contact plate agar
Soybean-casein medi-
um

* Liquid and solid media are sterilized using a validated process.

Alternative media to those listed can be used provided that
they are validated for the purpose intended.

~

~USP35

Change to read:

IDENTIFICATION OF MICROBIAL ISOLATES
from the Environmental Control Program

~

~USP35

The environmental control program includes an appropriate
level of identification of the flora obtained from sampling. A
knowledge of the normal flora in controlled environments aids
in determining the usual microbial flora anticipated for the fa-
cility being monitored; evaluating the effectiveness of the
cleaning and sanitization procedures, methods, and agents;
and recovery methods. The information gathered by an identi-
fication program can also be useful in the investigation of the
source of contamination, especially when the Action levels are
exceeded.

Identification of isolates from critical areas and areas immedi-
ate to these critical areas should take precedence over identifi-
cation of microorganisms from noncritical areas. Identification
methods should be verified, and ready-to-use kits should be
qualified for their intended purpose (see Critical Factors Involved
in the Design and Implementation of Environmental Control Pro-
gram).

~A successful environmental control program includes

an appropriate level of identification of the flora obtained

by sampling. A knowledge of the flora in controlled en-

vironments aids in determining the usual microbial flora

anticipated for the facility and in evaluating the effective-

ness of the cleaning and sanitization procedures, meth-

ods, agents, and recovery methods. The information

gathered by an identification program can be useful in

the investigation of the source of contamination, espe-

cially when recommended detection frequencies are ex-

ceeded.

Identification of isolates from critical and immediately

adjacent areas should take precedence over identifica-

tion of microorganisms from noncritical areas. Identifica-

tion methods should be verified, and ready-to-use kits

should be qualified for their intended purpose.~USP35

Add the following:

~CONCLUSION

Environmental monitoring is one of several key ele-

ments required in order to ensure that an aseptic proces-

sing area is maintained in an adequate level of control.

Monitoring is a qualitative exercise, and even in the most
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critical applications such as aseptic processing, conclu-

sions regarding lot acceptability should not be made

on the basis of environmental sampling results alone. En-

vironments that are essentially free of human operators

generally have low initial contamination rates and main-

tain low levels of microbial contamination. Human-scale

clean rooms present a very different picture. Studies con-

clusively show that operators, even when carefully and

correctly gowned, continuously slough microorganisms

into the environment. Therefore, it is unreasonable to as-

sume that samples producing no colonies, even in the

critical zone or on critical surfaces, will always be ob-

served. Periodic excursions are a fact of life in human-

scale clean rooms; but the contamination recovery rate,

particularly in ISO 5 environments used for aseptic pro-

cessing, should be consistently low.

Clean-room operators, particularly those engaged in

aseptic processing, must strive to maintain suitable envi-

ronmental quality and must work toward continuous im-

provement of personnel operations and environmental

control. In general, fewer personnel involved in aseptic

processing and monitoring, along with reduction

in interventions, reduces risk from microbial contamina-

tion.~USP35

Delete the following:

~Operational Evaluation of the
Microbiological Status of Aseptically Filled

Products in Clean Rooms and Other
Controlled Environments

The controlled environment is monitored through an appro-
priate environmental monitoring program. To assure that min-
imal bioburden is achieved, additional information on the
evaluation of the microbiological status of the controlled envi-
ronment can be obtained by the use of media fills. An accept-
able media fill shows that a successful simulated product run
can be conducted on the manufacturing line at that point in
time. However, other factors are important, such as appropriate
construction of facilities, environmental monitoring and train-
ing of personnel.

When an aseptic process is developed and installed, it is gen-
erally necessary to qualify the microbiological status of the pro-
cess by running at least three successful consecutive media fills.
A media fill utilizes growth medium in lieu of products to detect
the growth of microorganisms. Issues in the development of a
media fill program that should be considered are the following:
media-fill procedures, media selection, fill volume, incubation,

time and temperature, inspection of filled units, documenta-
tion, interpretation of results, and possible corrective actions re-
quired.

Since a media fill is designed to simulate aseptic processing of
a specified product, it is important that conditions during a nor-
mal product run are in effect during the media fill. This includes
the full complement of personnel and all the processing steps
and materials that constitute a normal production run. During
the conduct of media fill, various predocumented interventions
that are known to occur during actual product runs should be
planned (e.g., changing filling needles, fixing component
jams).

Alternatively, in order to add a safety margin, a combination
of possible conditions can be used. Examples may include fre-
quent start and stop sequences, unexpected repair of proces-
sing system, replacement of filters, etc. The qualification of an
aseptic process need not be done for every product, but should
be done for each processing line. Since the geometry of the
container (size as well as opening of the container) and the
speed of the line are factors that are variable in the use of an
aseptic processing line, appropriate combination of these fac-
tors, preferably at the extremes, should be used in the qualifi-
cation of the line. A rationale for products used should be
documented.

The 1987 FDA Guideline on Sterile Drug Products Produced
by Aseptic Processing indicates that media-fill runs be done to
cover all production shifts for line/product/container combina-
tions. This guideline should be considered not only for qualifi-
cation media-fill runs, but also for periodic reevaluation or
revalidation. Media fill programs should also simulate produc-
tion practices over extended runs. This can be accomplished by
doing media-fill runs at the end of production runs.

In general, an all-purpose, rich medium such as Soybean Ca-
sein Broth that has been checked for growth promotion with a
battery of indicator organisms (see Sterility Tests h71i) at a level
of below 100 cfu/unit, can be used. Isolates from the controlled
environment where aseptic processing is to be conducted may
also be used. Following the aseptic processing of the medium,
the filled containers are incubated at 22.5 + 2.58 or at
32.5+ 2.58. All media filled containers should be incubated
for a minimum of 14 days. If two temperatures are used for in-
cubation of media filled samples, then these filled containers
should be incubated for at least 7 days at each temperature.
Following incubation, the medium-filled containers should be
inspected for growth. Media filled isolates are identified by ge-
nus and, when possible, by species in order to investigate the
sources of contamination.

Critical issues in performing media fills are the number of fills
to qualify an aseptic process, the number of units filled per me-
dia fill, the interpretation of results, and implementation of cor-
rective actions. Historically, three media-fill runs during initial
qualification or start-up of a facility are conducted to demon-
strate consistency of the aseptic processing line. The minimum
number of units to demonstrate a contamination rate of not
more than 0.1%, which is the criterion for acceptance of a suc-
cessful media-fill run, is at least 3,000. It should be emphasized
that many firms in the United States and other countries are fill-
ing more than 3,000 units in a single media-fill run.4 Pilot plant
facilities used for preparing small clinical lots may use smaller
media fills.

A number of international documents (i.e., ISO and EU-GMP)
have also cited an expectation of zero positives out of 3,000
media filled units at the 95% confidence level. However, it is
recognized that repeated media runs are required in order to
confirm the statistical validity of the observed contamination
rate for the process.

PDA Technical Monograph Number 17,4 ‘‘A Survey of Cur-
rent Sterile Manufacturing Practices,’’ indicated that many
manufacturers believe that their aseptic processes are capable
of contamination rates below 0.1%.

4 A Parenteral Drug Association Survey (Technical Monograph 17)
showed that out of 27 respondents, 50% were filling more than
3,000 units per run.
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Since the most critical source of contamination in the clean
room is the personnel, visual documentation that can be help-
ful in correlating production activities to contamination events
during media fills is encouraged. The widespread use of isolator
systems for sterility testing has demonstrated that elimination
of personnel does reduce contamination in aseptic handlin-
g.~USP35

Delete the following:

~AN OVERVIEW OF THE EMERGING
TECHNOLOGIES FOR ADVANCED ASPEPTIC

PROCESSING

Because of the strong correlation between human involve-
ment and intervention and the potential for product contami-
nation in aseptic processing, production systems in which
personnel are removed from critical zones have been designed
and implemented. Methods developed to reduce the likelihood
of contamination include equipment automation, barriers, and
isolator systems. Facilities that employ these advanced aseptic
processing strategies are already in operation. In facilities where
personnel have been completely excluded from the critical
zone, the necessity for room classification based on particulate
and environmental microbiological monitoring requirements
may be significantly reduced.

The following are definitions of some of the systems currently
in place to reduce the contamination rate in aseptic processing:

Barriers—In the context of aseptic processing systems, a
barrier is a device that restricts contact between operators
and the aseptic field enclosed within the barrier. These systems
are used in hospital pharmacies, laboratories, and animal care
facilities, as well as in aseptic filling. Barriers may not be steri-
lized and do not always have transfer systems that allow pas-
sage of materials into or out of the system without exposure
to the surrounding environment. Barriers range from plastic
curtains around the critical production zones to rigid enclosures
found on modern aseptic-filling equipment. Barriers may also
incorporate such elements as glove ports, half-suits, and ra-
pid-transfer ports.

Blow/Fill/Seal—This type of system combines the blow-
molding of container with the filling of product and a sealing
operation in one piece of equipment. From a microbiological
point of view, the sequence of forming the container, filling
with sterile product, and formation and application of the seal
are achieved aseptically in an uninterrupted operation with
minimal exposure to the environment. These systems have
been in existence for about 30 years and have demonstrated
the capability of achieving contamination rates below 0.1%.
Contamination rates of 0.001% have been cited for blow/fill/
seal systems when combined media-fill data are summarized
and analyzed.

Isolator—This technology is used for a dual purpose. One is
to protect the product from contamination from the environ-
ment, including personnel, during filling and closing, and the
other is to protect personnel from deleterious or toxic products
that are being manufactured.

Isolator technology is based on the principle of placing pre-
viously sterilized components (containers/products/closures)
into a sterile environment. These components remain sterile
during the whole processing operation, since no personnel or
nonsterile components are brought into the isolator. The isola-
tor barrier is an absolute barrier that does not allow for inter-
changes between the protec ted and unprotec ted
environments. Isolators either may be physically sealed against
the entry of external contamination or may be effectively sealed
by the application of continuous overpressure. Manipulations
of materials by personnel are done via use of gloves, half-suits,
or full suits. All air entering the isolator passes through either an
HEPA or UPLA filter, and exhaust air typically exits through an
HEPA-grade filter. Peracetic acid and hydrogen peroxide vapor
are commonly used for the surface sterilization of the isolator

unit’s internal environment. The sterilization of the interior of
isolators and all contents are usually validated to a sterility assur-
ance level of 10–6.

Equipment, components, and materials are introduced into
the isolator through a number of different procedures: use of
a double-door autoclave; continuous introduction of compo-
nents via a conveyor belt passing through a sterilizing tunnel;
use of a transfer container system through a docking system in
the isolator enclosure. It is also necessary to monitor closely an
isolator unit’s integrity, calibration, and maintenance.

The requirements for controlled environments surrounding
these newer technologies for aseptic processing depend on
the type of technology used.

Blow/Fill/Seal equipment that restricts employee contact
with the product may be placed in a controlled environment,
especially if some form of employee intervention is possible dur-
ing production.

Barrier systems will require some form of controlled environ-
ment. Because of the numerous barrier system types and appli-
cations, the requirements for the environment surrounding the
barrier system will vary. The design and operating strategies for
the environment around these systems will have to be devel-
oped by the manufacturers in a logical and rational fashion. Re-
gardless of these strategies, the capability of the system to
produce sterile products must be validated to operate in accor-
dance with pre-established criteria.

In isolators, the air enters the isolator through integral filters
of HEPA quality or better, and their interiors are sterilized typi-
cally to a sterility assurance level of 10–6; therefore, isolators con-
tain sterile air, do not exchange air with the surrounding
environment, and are free of human operators. However, it
has been suggested that when the isolator is in a controlled en-
vironment, the potential for contaminated product is reduced
in the event of a pinhole leak in the suit or glove.

The extent and scope of an environmental microbiological
monitoring of these advanced systems for aseptic processing
depends on the type of system used. Manufacturers should bal-
ance the frequency of environmental sampling systems that re-
quire human intervention with the benefit accrued by the
results of that monitoring. Since barrier systems are designed
to reduce human intervention to a minimum, remote sampling
systems should be used in lieu of personnel intervention. In
general, once the validation establishes the effectiveness of
the barrier system, the frequency of sampling to monitor the
microbiological status of the aseptic processing area could be
reduced, as compared to the frequency of sampling of classical
aseptic processing systems.

Isolator systems require relatively infrequent microbiological
monitoring. Continuous total particulate monitoring can pro-
vide assurance that the air filtration system within the isolator
is working properly. The methods for quantitative microbiolog-
ical air sampling described in this chapter may not have suffi-
cient sensitivity to test the environment inside an isolator.
Experience with isolators indicates that under normal opera-
tions pinhole leaks or tears in gloves represent the major poten-
tial for microbiological contamination; therefore, frequent
testing of the gloves for integrity and surface monitoring of
the gloves is essential. Surface monitoring within the isolator
may also be beneficial on an infrequent basis.~USP35

Change to read:

GLOSSARY

Action Levels—Microbiological levels in the controlled en-
vironment, specified in the standard operating procedures,
which when exceeded should trigger an investigation and a
corrective action based on the investigation.

~

~USP35
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Air Changes—The frequency per unit of time (minutes,
hours, etc.) that the air within a controlled environment is re-
placed. The air can be recirculated partially or totally replaced.

Air Sampler—Devices or equipment used to sample a mea-
sured amount of air in a specified time to quantitate the partic-
ulate or microbiological status of air in the controlled
environment.

Airborne Particulate Count (also referred to as Total Par-
ticulate Count)—Particles detected are 0.5 mm and larger. When
a number of particles is specified, it is the maximum allowable
number of particles per cubic meter of air (or per cubic foot of
air).

~

The total number of particles of a given size per unit vol-

ume of air.~USP35

Airborne Viable Particulate Count (also referred to as
Total Airborne Aerobic Microbial Count)—When a number of mi-
croorganisms is specified, it is the maximum number of colony-
forming units (cfu) per cubic meter of air (or per cubic foot of
air) that is associated with a Cleanliness Class of controlled en-
vironment based on the Airborne Particulate Count.

~

The recovered number of colony-forming units (cfu) per

unit volume of air.~USP35

Alert Levels—Microbial levels, specified in the standard op-
erating procedures, which when exceeded should result in an
investigation to ensure that the process is still within control.
Alert levels are specific for a given facility and are established
on the basis of a baseline developed under an environmental
monitoring program. These Alert levels can be modified de-
pending on the trend analysis done in the monitoring program.
Alert levels are always lower than Action levels.

~

~USP35

~Aseptic—Technically, the absence of microorganisms,

but in aseptic processing this refers to methods and op-

erations that minimize microbial contamination in envi-

ronments where sterilized product and components are

filled and/or assembled.~USP35

Aseptic Processing—A mode of processing pharmaceuti-
cal and medical products that involves the separate sterilization
of the product and of the package (containers/closures or pack-
aging material for medical devices) and the transfer of the pro-
duct into the container and its closure under microbiologic
critically controlled conditions.

~

An operation in which the product is assembled or filled

into its primary package in an ISO 5 or better environ-

ment and under conditions that minimize the risk of mi-

crobial contamination. The ultimate goal is to produce

products that are as free as possible of microbial contam-

ination.~USP35

Bioburden—Total number of microorganisms detected in
or on an article.

~

Total number and identity of the predominant microor-

ganisms detected in or on an article.~USP35
Clean Room—A room in which the concentration of air-

borne particles is controlled to meet a specified airborne partic-
ulate Cleanliness Class. In addition, the concentration of

microorganisms in the environment is monitored; each Clean-
liness Class defined is also assigned a microbial level for air, sur-
face, and personnel gear.

Clean Zone—A defined space in which the concentration of
airborne particles and microorganisms are controlled to meet
specific Cleanliness Class levels.

~

~USP35

Controlled Environment—Any area in an aseptic process
system for which airborne particulate and microorganism levels
are controlled to specific levels, appropriate to the activities
conducted within that environment.

Commissioning of a Controlled Environment—Certifi-
cation by engineering and quality control that the environment
has been built according to the specifications of the desired
cleanliness class and that, under conditions likely to be encoun-
tered under normal operating conditions (or worst-case condi-
tions), it is capable of delivering an aseptic process.
Commissioning includes media-fill runs and results of the envi-
ronmental monitoring program.

Corrective Action—Actions to be performed that are in

~

according to~USP35

standard operating procedures and that are triggered when
certain conditions are exceeded.

~Critical Zone—Typically the entire area where pro-

duct and the containers and closures are exposed in

aseptic processing.

Detection Frequency—The frequency with which

contamination is observed in an environment. Typically

expressed as a percentage of samples in which contam-

ination is observed per unit of time.~USP35

Environmental Isolates—Microorganisms that have been
isolated from the environmental monitoring program.

Environmental Monitoring Program—Documented
program, implemented through standard operating proce-
dures, that describes in detail the procedures and methods
used for monitoring particulates as well as microorganisms in
controlled environments (air, surface, personnel gear). The pro-
gram includes sampling sites, frequency of sampling, and inves-
tigative and corrective actions that should be followed if Alert or
Action levels are exceeded. The methodology used for trend
analysis is also described.

~

Documented program implemented via standard oper-

ating procedures that describes in detail the methods

and acceptance criteria for monitoring particulates and

microorganisms in controlled environments (air, surface,

personnel gear). The program includes sampling sites,

frequency of sampling, and investigative and corrective

actions.~USP35
Equipment Layout—Graphical representation of an asep-

tic processing system that denotes the relationship between
and among equipment and personnel. This layout is used in
the Risk Assessment Analysis to determine sampling site and fre-
quency of sampling based on potential for microbiological con-
tamination of the product/container/closure system. Changes
must be assessed by responsible managers, since unauthorized
changes in the layout for equipment or personnel stations
could result in increase in the potential for contamination of
the product/container/closure system.
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Federal Standard 209E—‘‘Airborne Particulate Cleanliness
Classes in Clean Rooms and Clean Zones’’ is a standard ap-
proved by the Commissioner, Federal Supply Services, General
Service Administration, for the use of ‘‘All Federal Agencies.’’
The Standard establishes classes of air cleanliness based on
specified concentration of airborne particulates. These classes
of air cleanliness have been developed, in general, for the elec-
tronic industry ‘‘super-clean’’ controlled environments. In the
pharmaceutical industry, the Federal Standard 209E is used to
specify the construction of controlled environment. Class 100,
Class 10,000, and Class 100,000 are generally represented in
an aseptic processing system. If the classification system is ap-
plied on the basis of particles equal to or greater than 0.5 mm,
these classes are now represented in the SI system by Class
M3.5, M5.5, and M6.5, respectively.

Filter Integrity—Testing that ensures that a filter functional
performance is satisfactory [e.g., dioctyl phthalate (DOP) and
bubble point test].

~

~USP35

Material Flow—The flow of material and personnel enter-
ing controlled environments should follow a specified and doc-
umented pathway that has been chosen to reduce or minimize
the potential for microbial contamination of the product/clo-
sure/container systems. Deviation from the prescribed flow
could result in increase in potential for microbial contamina-
tion. Material/personnel flow can be changed, but the conse-
quences of the changes from a microbiological point of view
should be assessed by responsible managers and must be au-
thorized and documented.

Media Fill—Microbiological simulation of an aseptic process
by the use of growth media processed in a manner similar to
the processing of the product and with the same container/clo-
sure system being used.

Media Growth Promotion—Procedure that references
Growth Promotion under Sterility Tests h71i to demonstrate that
media used in the microbiological environmental monitoring
program, or in media-fill runs, are capable of supporting growth
of indicator microorganisms and of environmental isolates from
samples obtained through the monitoring program or their
corresponding ATCC strains.

Out-of-Specification Event—Temporary or continuous
event when one or more of the requirements included in stan-
dard operating procedures for controlled environments are not
fulfilled.

~

~USP35

Product Contact Areas—Areas and surfaces in a con-
trolled environment that are in direct contact with either prod-
ucts, containers, or closures and the microbiological status of
which can result in potential microbial contamination of the
product/container/closure system. Once identified, these areas
should be tested more frequently than non-product-contact ar-
eas or surfaces.

~

~USP35

Risk Assessment Analysis—Analysis of the identification
of contamination potentials in controlled environments that es-
tablish priorities in terms of severity and frequency and that will
develop methods and procedures that will eliminate, reduce,
minimize, or mitigate their potential for microbial contamina-
tion of the product/container/closure system.

Sampling Plan—A documented plan that describes the
procedures and methods for sampling a controlled environ-
ment; identifies the sampling sites, the sampling frequency,
and number of samples; and describes the method of analysis
and how to interpret the results.

Sampling Sites—Documented geographical location,
within a controlled environment, where sampling for microbi-
ological evaluation is taken. In general, sampling sites are select-
ed because of their potential for product/container/closure
contacts.

Standard Operating Procedures—Written procedures
describing operations, testing, sampling, interpretation of re-
sults, and corrective actions that relate to the operations that
are taking place in a controlled environment and auxiliary envi-
ronments. Deviations from standard operating procedures
should be noted and approved by responsible managers.

Sterile
~

or Aseptic~USP35
Field—In aseptic processing or in other controlled environ-
ments, it is the space at the level of or above open product con-
tainers, closures, or product itself, where the potential for
microbial contamination is highest.

Sterility—Within the strictest definition of sterility, an article
is deemed sterile when there is complete absence of viable mi-
croorganisms.

~

Viable, for organisms, is defined as having the capacity

to reproduce. Absolute sterility cannot be practically

demonstrated because it is technically unfeasible to

prove a negative absolute. Also,~USP35

absolute sterility cannot be practically demonstrated without
testing every article in a batch. Sterility is defined in probabilistic
terms, where the likelihood of a contaminated article is accept-
ably remote.

Swabs
~

for Microbiological Sampling—~USP35

Devices provided that are used to sample irregular as well as
regular surfaces for determination of microbial status. The
swab, generally composed of a stick with an absorbent extrem-
ity, is moistened before sampling and used to sample a specified
unit area of a surface. The swab is then rinsed in sterile saline or
other suitable menstruum and the contents plated on nutrient
agar plates to obtain an estimate of the viable microbial load on
that surface.

~

Devices used to remove microorganisms from irregular

or regular surfaces for cultivation to identify the microbial

population of the surface. A swab is generally composed

of a stick with an absorbent tip that is moistened before

sampling and is rubbed across a specified area of the

sample surface. The swab is then rinsed in a sterile solu-

tion to suspend the microorganisms, and the solution is

transferred to growth medium for cultivation of the mi-

crobial population.~USP35

Trend Analysis—Data from a routine microbial environ-
mental monitoring program that can be related to time, shift,
facility, etc. This information is periodically evaluated to estab-
lish the status or pattern of that program to ascertain whether it
is under adequate control. A trend analysis is used to facilitate
decision making for requalification of a controlled environment
or for maintenance and sanitization schedules.

Add the following:
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BRIEFING

h1128i Nucleic Acid-Based Techniques—Microarray.
Because there is no information in USP on this subject, this gen-
eral information chapter is being proposed. This new chapter is
a part of the series of information chapters describing various
aspects of nucleic acid-based testing: Nucleic Acid-Based Tech-
niques—General h1125i, Nucleic Acid-Based Techniques—Extrac-
tion, Detection, and Sequencing h1126i, Nucleic Acid-Based
Techniques—Amplification h1127i, Nucleic Acid-Based Tech-
niques—Genotyping h1129i, and Nucleic Acid-Based Tech-
niques—Approaches for Detecting Trace Nucleic Acids (Residual
DNA Testing) h1130i.

(GCBA:A. Szajek) RTS—C55352

Add the following:

~h1128i NUCLEIC ACID-BASED
TECHNIQUES—MICROARRAY

INTRODUCTION

Microarrays are microscopic spots of DNA (measured

in micrometers) arranged in an ordered manner (col-

umns and rows) on a planar surface so that each DNA

spot can be uniquely identified to facilitate an accurate
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analysis of the data. The DNA spots, also called array el-

ements, are specific DNA molecules of known or un-

known sequences and can be of similar or different

nucleotide lengths. Samples of these mixtures are placed

in fixed locations on the microarray.

Unlike conventional probes, which are a specific DNA

or RNA sequence labeled with radioactive, fluorescent, or

chemiluminescent tags (see Nucleic Acid-Based Tech-

niques—General h1125i, Glossary), the array elements

are referred to as probes when the sequence information

of the array elements is known, despite not being la-

beled. In this context, the target refers to labeled nucleic

acids in solutions that are hybridized to the array elemen-

ts or probes. The purpose of a microarray experiment is

to identify the sequence of these labeled nucleic acids

and/or determine their content. Compendial applica-

tions at this time are limited but may increase with wider

use of microarrays in diagnostics and in drug discovery,

development, registration, and control applications.

When used for compendial purposes, standard assay de-

velopment and validation approaches with availability of

suitable reference materials are likely to apply.

Microarrays can range from hundreds to thousands of

array elements (low density), tens to hundreds of

thousands of array elements (high density), to millions

of array elements (very high density). In addition to the

use of planar surfaces for microarrays, the array elements

can also be immobilized on individual support particles,

such as beads. In these cases the array elements are iden-

tified by the particles themselves rather than specific lo-

cations on an array. The advantages of using microscopic

spots on the array include high density, fast hybridization

kinetics, and low sample volumes. Microarrays greatly

speed up the acquisition of data, and in some cases in-

crease the predictive power of results, by comparison

with conventional nucleic acid-based assays. This is

achieved by miniaturization, multiplexing, and parallel

execution of nucleic acid-based tests that traditionally

are performed in tubes, plates, or capillaries as described

in general chapter h1125i (see also Nucleic Acid-Based

Techniques—Extraction, Detection, and Sequencing

h1126i, Nucleic Acid-Based Techniques—Amplification

h1127i, Nucleic Acid-Based Techniques—Genotyping

h1129i, and Nucleic Acid-Based Techniques—Approaches

for Detecting Trace Nucleic Acids (Residual DNA Testing)

h1130i).

The principle of microarray analysis is the specific bind-

ing of the target DNA molecules to the probes or array

elements. The ordered array of rows and columns of

spots allows highly automated detection and analysis.

DNA microarrays are manufactured, processed, detect-

ed, and analyzed in a number of different ways and have

many applications. With the aid of computers, laboratory

automation, and high-resolution detection devices, mi-

croarrays produce large amounts of data and are the an-

alytical tool of choice to unravel the molecular

complexity of DNA or expressed RNA.

The basic principles of Nucleic Acid Amplification Tech-

nologies (NAT) and definitions of the various techniques

are described in chapter h1127i. The present chapter

covers the general field of microarrays, but detailed treat-

ment of various application-specific microarrays, includ-

ing data analysis and validation, are excluded from this

chapter at this time. The following sections address the

major applications of microarrays, sample processing, la-

beling, workflow, detection, and analysis of data. Several

of these sections, for example, sample preparation and

labeling, overlap with chapters h1126i and h1127i, and

cross references are made accordingly. Finally, regulatory

aspects of microarrays will be discussed.
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GENERAL PRINCIPLES OF MICROARRAY

EXPERIMENTS

Types and Applications

Microarrays are most widely used in three types of

analysis: gene expression, microarray-based comparative

genomic hybridization (or array comparative genome

hybridization, aCGH), and single nucleotide polymor-

phism (SNP). In brief, gene expression microarrays gen-

erally measure messenger RNA in a cell; aCGH analyzes

DNA copy number variations, chromosomal additions,

and deletions in genomic DNA; and SNP microarrays

are used in genotyping to analyze single nucleotide poly-

morphisms (see h1129i). Within each type of microarray,

various platforms, both manual and with various levels of

automation, are available. Table 1 summarizes the three

major types and most common applications, as well as

the target for each application, the probe, and the com-

plementary nucleic acid techniques (see h1126i, h1127i,

and h1129i).

Table 1. Major Types and Applications of Microarrays

Types Application Target Probe

Complementary

Technology

Gene Expression Gene Expression mRNA Oligonucleotide/

cDNA

qRT/PCR, Northern

Blotting

aCGH aCGH

CNV

DNA Oligonucleotide/

cDNA/Pac,

Yac, Bac

Cytogenetic

chromosome

analysis

SNP SNP Genotyping DNA Oligonucleotides Sequencing

SNP Amplicons Oligonucleotide Sequencing

SNP Oligonucleotide Amplicon Sequencing

Gene Expression Microarrays—Gene expression

microarrays are used to measure the relative level at

which a certain gene is expressed. They are a powerful

tool for target gene discovery, molecular tumor charac-

terization, diagnosis, classification, treatment, and mon-

itoring of diseases. Underlying molecular subgroups that

are active in diseases have been identified by observing

distinct and recurring gene expression subsets found

within diseased tissues. Gene expression microarrays

are also used to measure changes in gene expression o-

ver a given period of time, e.g., within various stages of a

cell cycle or by identification of gene mutation(s) that

lead to cancerous growth. Another application for gene

expression microarrays is the development of new drugs,

e.g. by measuring the down-regulation of a gene associ-

ated with a particular disease to monitor the effectiveness

of a new drug. When the expression levels from a set of

genes are measured, the term gene expression signature

(biomarker or classifier) is used. Other examples of bio-

markers or classifiers are drug activity classifiers that are

used to diagnose the mechanism of action of a drug or

toxicity classifiers that are used to diagnose and develop

dosage parameters for a patient.

aCGH Microarrays—In contrast to gene expression

microarrays, aCGH microarrays target segments of

DNA rather than individual genes (this is, similar to chro-

mosomal banding and traditional comparative genomic

hybridization). In an aCGH microarray, the array elemen-
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ts, which are large pieces of genomic DNA or specially

designed oligonucleotides, are used to identify a known

chromosomal location or changes. The primary advan-

tage of aCGH is the ability to detect DNA copy changes

at multiple loci in a single assay and to do so at a much

greater resolution compared to traditional CGH. De-

pending on their design, aCGH microarrays provide dis-

tinct advantages over conventional cytogenetic analysis

such as karyotyping and fluorescence in situ hybridiza-

tion (FISH) because they have the potential to detect

the majority of microscopic and submicroscopic chro-

mosomal abnormalities. Compared to aCGH, these con-

ventional cytogenetic techniques have low throughput,

are labor-intensive, and often require specially trained

staff to perform tests in a consistent manner. aCGH mi-

croarrays are also useful for the detection of cancer by

monitoring the loci of oncogenes and tumor suppressor

genes.

SNP Microarrays—SNP microarrays identify the pres-

ence of known sequence polymorphisms by analysis of

the pattern of hybridization to a series of probes that

are specifically complementary either to wild-type or mu-

tant sequences. If the SNP or set of SNPs associated with

a particular disease are known, SNP microarrays can be

used to identify a disease in an individual. SNP microar-

rays provide an efficient and inexpensive tool for simulta-

neously studying multiple genetic variations in multiple

samples.

Design of Microarrays

The following sections discuss the design of the three

types of microarrays described above and the suitability

of the materials used for the microarray probes for each

of the three types.

Gene Expression Microarray—These microarrays

are the most common type of microarray in use today.

The array elements consist of either cDNA derived from

mRNA of known genes but of unknown sequence, or ol-

igonucleotides for which detailed sequence information

is available. Oligonucleotides are preferred array ele-

ments because of the affordable cost of synthesis and

the large amount of sequence information now available

for specific genes or gene fragments. These can be ar-

rayed in specific patterns to enable accurate analysis of

related gene sequences and gene families in a single hy-

bridization assay. The following general principles apply

to oligonucleotide design for gene expression microar-

rays:

(1) Oligonucleotides should be 25–70 mers.

(2) Oligonucleotides should include appropriate con-

trols (i.e., oligonucleotides corresponding to se-

quences from a different organism).

(3) All oligonucleotides should map to within 1000 nu-

cleotides of the 3’ end of cDNAs and should corre-

spond to the coding strand.

(4) Sequence repeats, stretches of polyA, G, C, and T

and extremes of Tms should be avoided.

(5) Oligonucleotides should be compared to sequences

in existing databases to avoid cross-reactivity (less

than 70% sequence identity with nontarget se-

quences is preferable).

In addition to oligonucleotides, PCR amplicons and

double-stranded DNA (dsDNA) are also used as probes.

However, the PCR amplicons require purification to re-

move enzymes, salts, nucleotides, and other contami-

nants from the amplification process that could

interfere with the binding of the probes and could also

inhibit hybridization. In addition, the preparation of

dsDNA probes for spotting is labor intensive and expen-

sive. Moreover, dsDNA probes can have repetitive se-

quences that compromise hybridization specificity.

When sequence information is unavailable, dsDNA re-

main the probes of choice because unknown dsDNA

probes can still be used to study gene expression.
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aCGH Microarrays—These microarrays traditionally

use bacterial artificial chromosomes (BACs) of 100–

200 kilo-base pairs per DNA segment as the array ele-

ments. However, the large-scale DNA isolations or PCR

amplifications of such large-insert clones are elaborate

and time consuming. As is the case in expression profil-

ing applications, aCGH microarrays have transitioned

from dsDNA targets to oligonucleotide targets. Oligonu-

cleotide libraries or ready-made microarrays can now be

purchased, saving considerable time and effort.

SNP Microarrays—Depending on the application,

SNP microarrays can use both amplicons and oligonu-

cleotides as probes. In one of the most common formats

to detect mutations in a gene sequence, the probe is that

of a single gene in which the sequence differs by a single

nucleotide polymorphism from the sequence of the oth-

er probes for that gene in the same microarray. For the

discrimination of only one mismatch, short oligonucleo-

tide probes (15–30 bp) maximize the destabilization

caused by mispairing and are therefore used for the de-

tection of SNPs.

Manufacturing of Microarrays

Microarray elements are deposited onto a solid sup-

port, the most widely used of which is glass. Microarray

manufacturing can be divided into two main categories,

direct synthesis of the probes on the microarray (in situ)

or synthesis of the probes before spotting on the micro-

array (ex situ). In situ synthesis is generally used for high-

er density microarrays but is limited to nucleotides of

approximately 25–100 bases. With increasing nucleotide

length, the likelihood of truncated products increases be-

cause of the limited stability of building oligonucleotides

in situ. In contrast, ex situ microarray manufacturing can

put any premade material into a microarray format, in-

cluding oligonucleotides, PCR products (amplicons),

complementary DNA (cDNAs), and BACs.

The main techniques for in situ synthesis are photoli-

thography, maskless lithography, and ink jetting. Micro-

arrays are generally manufactured commercially,

although for a small number of low-density microarrays,

the end user can manufacture the microarrays using a

low-throughput microarray manufacturing robotic in-

strument (a personal microarrayer). However, only mask-

less lithography and ink jetting are available for end user

manufacturing. In photolithography, a glass substrate

containing a photomask, which is chemically prepared

so that particular nucleotides bind to specific positions,

is used to synthesize the oligonucleotides on the sub-

strate. The masks predetermine which of the nucleotides

are activated when flooded with one of the four types of

nucleotides. The process is repeated until the required

number of bases is synthesized. The manufacture of

these microarrays uses computer algorithms and multi-

ple spots to cover the gene of interest. Maskless lithogra-

phy uses a digital micromirror device that employs a

solid-state array of miniature aluminum mirrors to create

virtual masks that replace the physical photomasks. A

computer controls the desired pattern of UV light via in-

dividual mirrors. Each digital micromirror in turn controls

the pattern of UV light projected onto the glass in the re-

action chamber, which is coupled to a DNA synthesizer.

The UV light selectively cleaves a UV-labile protecting

group at the precise location where the next nucleotide

will be coupled. The patterns are coordinated with the

DNA synthesis chemistry in a parallel, combinatorial

manner so that hundreds of thousands of unique oligo-

nucleotides can be synthesized in a single microarray. Ink

jetting is accomplished by building up the nucleotides,

base-by-base, in repetitive print layers using standard

phosphoramidite chemistry. Inkjet heads similar to those

used in commercial inkjet printers are connected to bot-

tles that contain the four different phosphoramidite nu-

cleotides that make up the building blocks of in situ
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nucleic acid synthesis. The advantages of inkjetting and

maskless lithography are flexibility in design and the abil-

ity to make small batches of arrays quickly.

The two main types of ex situ manufacturing tech-

niques are microspotting pins (contact printing) and pi-

ezoelectric printing (noncontact). The technology excels

at printing multiple probes many times over numerous

surfaces with one small-volume loading of probe. Spot

size and delivery volume are controlled by the size of

the end of the tip, and many tip sizes are available. A pi-

ezoelectric printing mechanism uses a small dielectric

crystal in contact with a glass capillary that holds the

sample fluid. Application of the voltage results in ejection

of fluid from the tip, resulting in drop volumes from hun-

dreds of picoliters to several microliters.

General Experimental Considerations

Regardless of the type and application, all microarray

experiments have a similar workflow: amplification step,

labeling, hybridization, and wash steps, followed by

scanning, quantitation, and reporting. The experimental

design determines the type of microarray used, number

of spots required, and the specific sets of nucleic acids on

the microarray. The experimental design also influences

the platform used, such as the number of spots, surface

type, nucleic acid type, throughput, resolution, and

number of colors that can be detected in a single assay.

Platforms can be open (support is available from multiple

vendors) or closed (support from a single vendor). In

general, experimental designs that require a high density

of spots and quantitation are more difficult and expen-

sive to implement than qualitative assays.

Microarray Sample Considerations

Sample extraction, isolation, and preparation should

be carefully chosen in order not to alter the ability of

the resulting target to hybridize to the microarray. In

general, sample preparation issues are the same for mi-

croarrays as for other laboratory techniques such as qPCR

(quantitative PCR) and sequencing (described in chap-

ters h1126i and h1127i). RNA, cDNA, genomic DNA,

and PCR products are some of the sample types analyzed

with microarrays. In some genotyping applications, spe-

cific alleles are used both as array elements and targets.

As with any nucleic acid technique, the quality of the

nucleic acid is critical for the microarray experiment.

The nucleic acid should be pure, intact, and accurately

quantitated before use h1126i. In particular, the pres-

ence of contaminating DNA in total RNA samples may

cause problems in microarray analysis because some la-

beling methods label both RNA and DNA with equal ef-

ficiency. For some applications in which even trace

contaminants with either RNA or DNA may interfere, pre-

treatment with DNase or RNase may be necessary. For

example, contaminating, labeled DNA can hybridize

with microarray targets leading to high-level hybridiza-

tion signals that are not derived from RNA transcripts,

thus resulting in an inaccurate estimation of the target

RNA concentration because both nucleic acid species

are quantitated at the same wavelength.

A major consideration in any microarray experiment is

the availability of adequate amounts of sample nucleic

acid for analysis. For example, sample from laser-capture

microdissection, needle tissue biopsies, or other small

clinical samples do not yield sufficient RNA (for expres-

sion microarrays) or DNA (for aCGH microarrays) and

must be amplified before analysis. It is critical that the

amplification procedures for amplification of mRNA be

so designed that the final mixture of amplicons ac-

curately reflect the distribution of mRNA species in the

sample. Uniform amplification of genomic DNA for

Pharmacopeial Forum
1718 IN-PROCESS REVISION Vol. 36(6) [Nov.–Dec. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



aCGH microarrays can be achieved by the use of multiple

displacement amplification (MDA), which overcomes the

nonuniform amplification of genomic DNA that occurs in

PCR-based amplification methods that use degenerate

oligonucleotide primed PCR (DOP-PCR). For SNP arrays

where specific alleles are the target of interest, nonuni-

form amplification is not an issue, and samples can be

amplified (and labeled) by PCR, multiplex PCR, and

WGA (see h1127i).

Microarray Labeling

The targets for a microarray are a population of nucleic

acids that are extracted from a sample and are appropri-

ately labeled. Many methods can be used for labeling tar-

gets (see h1127i), but fluorescent labeling is the most

widely used because it offers high sensitivity and a supe-

rior dynamic range. An added advantage is the ability to

detect or more signals in a single experiment. The meth-

od of labeling depends on the microarray type. The two

methods used to fluorescently label targets for gene ex-

pression microarrays, direct and indirect labeling, have

been described in h1127i. In general, the second method

(indirect labeling), in which the label is added via a linker,

requires less starting material and is less expensive. Pub-

lished reports have shown that this method yields results

similar to those obtained from directly labeled samples.

In microarray aCGH, a patient’s DNA and reference

DNA (300–1000 ng) are typically fluorescently labeled

with red and green fluorescent dyes, respectively, often

using a random priming protocol. Random prime label-

ing uses a high concentration of Klenow enzyme where-

by genomic DNA is digested with restriction enzymes

and hybridized with random primers. The primers are ex-

tended by the 5’–3’ polymerase activity of Klenow, result-

ing in a strand displacement activity with the direct

incorporation of labeled nucleotides. SNP microarrays

using oligonucleotides as array elements are labeled us-

ing fluorescently labeled nucleotides in both single and

multiplexed PCR reactions, followed by a purification

step to remove unincorporated dyes. Where amplicons

are used as array element, labeled oligonucleotide

probes are synthesized using phosphoramidite chemis-

try.

Hybridization and Wash

Hybridization should be carried out under conditions

that minimize annealing of noncomplementary frag-

ments. The wash steps following a hybridization reaction

are optimized to provide the highest possible specificity,

signal-to-noise ratio, and reproducibility (see h1126i).

Before hybridization, double-stranded probes and tar-

gets should be denatured, and nonspecific sites should

be blocked. Microarray surface chemistries are designed

to capture all nucleic acids with high efficiency, so the

free-binding groups on the surface must be blocked or

inactivated to prevent nonspecific binding of labeled ma-

terial that could compromise the signal-to-noise ratio.

Surfaces are blocked and washed with various aqueous-

based buffers that typically include salts, detergents, and

blocking agents such as low molecular weight, hydro-

lyzed proteins. The purpose of the posthybridization

washes is to remove all unattached and nonspecifically

bound label from the surface and probes. In general,

both automated and manual washes are done in saline

sodium citrate/sodium dodecyl sulfate (SSC/SDS) buffers

of various concentrations and at different elevated tem-

peratures depending on the stringency required. After

the final wash step, microarrays using fluorescent targets

are dried immediately by centrifugation or in a nitrogen

stream. Hybridized microarrays must be stored in the

dark and should be scanned as soon as possible. Some

fluorescent dyes used in microarray analysis are subject

to degradation by environmental ozone, and in these
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cases ozone levels in the experimental environment must

be less than 5 parts per billion. Specialized ozone-free

hoods are made to protect microarray dyes.

Microarray Detection

Regardless of the microarray type, each spot on a mi-

croarray represents a unique probe sequence to which a

single, labeled target is bound, and this specific binding

allows detection and quantitation of the target. This is

achieved by the emission of light (photons) at a particu-

lar wavelength by the fluorescently labeled duplexes

when the microarray is exposed to light of specific wave-

length from an excitation source. The emitted fluores-

cent light is converted to electrical energy by a

detector. The detector is either a photomultiplier tube

(PMT) or a charge-coupled device (CCD) with specially

designed optical paths that collect the raw data from mi-

croarrays (scanning). The detector filters and optical

paths are designed to detect specific fluorescent dyes

at sufficient resolution while eliminating crosstalk when

two or more dyes are used on a single microarray. The

resulting signal is proportional to the number of photons

emitted by the microarray. These signals are used to cre-

ate a digitized image showing the presence and quanti-

tation of specific targets.

Samples can be scanned from a single wavelength

channel or can be sequentially scanned from two chan-

nels. For instance, for a single-channel microarray plat-

form, a sample is typically labeled with a fluorophore

that emits a signal in the red channel. For a dual-channel

microarray format, a second sample can be labeled with

a dye that emits in the green channel. Dual labeling is

used in some experimental designs, such as expression

microarrays, to measure the overexpression of a gene as-

sociated with a disease state. In such experiments,

cDNAs derived from the mRNA of normal and diseased

tissues are differentially labeled, mixed, and tested on

the same slide in a competitive hybridization reaction.

The resulting ratios of the two colors reflect the relative

abundance of the labeled material within each sample.

Similarly, calculating the fluorescent ratios from each tar-

get on an aCGH microarray allows the mapping of gains

and losses for a chromosome of interest.

Microarray Image Processing

Most microarray scanners detect and acquire one, two,

or more colors (via one, two, or more channels). The op-

tical path of the system minimizes overlap between the

spectra (crosstalk) and allows acquisition of two spec-

trally separate images. In many cases, the images are

represented as a red and a green image. When two colors

are used, the ratio of the two fluorescence images elimi-

nates artifacts caused by regional bias and irregular spot

size. When one color is used, the fluorescence signals

from two or more microarrays are normalized and can

be compared with each other. Diameters of spots printed

on the arrays range from 10 mm to just under 1000 mm,

and the resolution of scanners ranges from 1 mm–50 mm.

Thus, depending on scanner resolution, variable

amounts of pixel data can be collected per scan over

an entire microarray.

MICROARRAY IMAGE ANALYSIS

The analysis of scanned images usually involves three

tasks: spot finding or gridding, image segmentation,

and spot quantification.

Spots are initially assigned specific coordinates, and

the process of spot finding or gridding can range from

manual to fully automatic, depending on the image-

processing software used. This takes into account the in-

dividual size and shape of each spot and adjusts for un-

even rows and columns that may be produced by the

printing process.
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The process of segmentation partitions the entire im-

age to foreground or background pixels and relies on

the spatial and intensity properties of each pixel. There

are four main types of signal segmentation that have

been used for spotted arrays. The simplest method is spa-

tial segmentation which places two circles (inner and

outer circles) of fixed but different sizes over each spot

to demarcate probe signal from the immediate back-

ground signal. On the one hand, because of the irregu-

larity of spot sizes on some microarrays, the actual area

inner circle may be larger than the diameter of a spot

and thus will contain background pixels. On the other

hand, artifacts and signal can be found in the area be-

tween the inner and outer circles and contribute to the

background signal. The second method, intensity-based

segmentation, distinguishes signal pixels from back-

ground pixels based on the spot intensities within a tar-

get region. In this case, a certain percentage of pixels

within the top-ranked intensities may be classified as sig-

nal pixels. The advantages of this method are simplicity

and speed, but the drawback is the inability to distin-

guish between artifacts and signal and the tendency to

detect low signals that are close to background. The third

method is a statistical approach known as Mann-

Whitney segmentation that combines information from

spatial and intensity-based analysis. Here, background

pixels located outside the inner circle set are used to de-

termine a threshold intensity level for a signal within the

inner circle. The limitation of this method is that a large

amount of spot irregularities and artifacts can reduce its

accuracy. The fourth method, the trimmed measurement

segmentation method, also combines spatial and inten-

sity information and measures signal distributions inside

and outside the inner circle. The method trims the upper

and lower extremes of each distribution to allow removal

of signal from artifacts and incorrectly located back-

ground or foreground signal pixels.

The main assumption of spot quantification is that the

total fluorescent intensity from a spot is proportional to

the expression level of the labeled transcript. This is

highly dependent on a number of factors, including tar-

get preparation, hybridization conditions, and signal de-

tection within the linear dynamic range. If the amount of

probe deposited during the microarray manufacturing

procedure varies from spot to spot and from array to ar-

ray, thus resulting in different sized spots, the sum or to-

tal signal intensity can be variable and inaccurate. To

correct for this variation, microarrays should be spotted

via homogenous surface chemistry that has a fixed bind-

ing capacity. This ensures the same amount of probe at

each spot location. Alternatively, spots can be quantified

by taking the mean, median, or mode of intensities of all

signal pixels determined to be foreground signal. The

more robust methods that protect against outlier signals

are the trimmed mean (where a certain percentage of

top and bottom signals are trimmed before calculation

of the mean) and median signal intensities. When two

different fluorophores are used, the intensity ratio can

be used to correct for variable probe amounts and can

be calculated from mean, median, and mode intensities

from each channel.

MICROARRAY DATA ANALYSIS

Particularly dense formats of microarrays that contain

tens of thousands to millions of probes per chip or slide

generate a large volume of raw data per array, which re-

quires the use of specialized data-analysis software. Mi-

croarray software programs are designed to extract

primary data, normalize the data to remove the influence

of experimental variation, and link probes to relevant

gene and sequence-derived targets. Software programs

are also available to apply statistical methods, analyze, vi-

sually display, and manage data in order to extract bio-
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logically meaningful information. The major parts of data

analysis are normalization, background correction, and

ratio calculation.

Normalization systematically adjusts microarray raw

data in an effort to reduce the variability brought about

by differences in the manufacture and processing of the

microarrays and by technical variables so that true bio-

logical differences between samples can be detected.

The wide range of normalization methods precludes a

detailed discussion of the topic in this chapter, and cur-

rently there are no standards for normalization. Com-

monly used algorithms are selected based on the

microarray type, the number of fluorophores used, and

the samples being studied. Some methods are built into

the manufacturer’s software, but others are available

from commercial sources or open-source software provi-

ders.

Background correction eliminates low levels of noise in

microarrays stemming from both the inherent noise of

the detection instruments and from the surface chemis-

try used in manufacturing. Several contaminants ac-

quired from microarray processing can cause high

levels of background that must be corrected before data

analysis.

In two-color microarrays, the ratio of signal intensities

of array elements of two co-hybridized samples is used as

a relative measure of gene expression. In single-channel

systems, the ratio can be calculated between signals tak-

en from two different samples (one sample is a reference

sample) hybridized on individual microarrays. Thus, the

resulting data from microarrays does not represent an

absolute quantification but rather a relative level of

RNA or DNA against a reference sample or control.

Quality Control and Quality Assurance

As with any diagnostic assay, quality control and qual-

ity assurance are critically important. Microarrays must

demonstrate robustness and reproducibility. The general

quality control and assurance steps outlined in chapter

h1127i for nucleic acids and NAT also apply to microar-

rays. Unlike other diagnostic tests, no reference reagents

are available at present for quality control of microarrays,

and regulatory guidance is emerging. FDA has issued a

draft guideline titled ‘‘In Vitro Diagnostic Multivariate In-

dex Assays.’’ This guidance addresses the definition and

regulatory status of a class of in vitro diagnostic devices

referred to as in vitro diagnostic multivariate index assays

(IVDMIAs), and microarrays fall into this category. The

guidance addresses premarket pathways and postmarket

requirements with respect to IVDMIAs.

Several unintended sources of variability that are spe-

cific to microarrays can extensively affect signal intensi-

ties and the accurate derivation of a true signal that

accurately reflects the labeled transcript. A major source

of variability is spot quality. Measurements of spot quality

at the processing stage permit removal of spots with

poor or questionable quality. Other sources of variability

are artifacts, for example, regional shifts (rise or fall) in an

array’s overall signal that can be visualized within single

chips or in-composite data derived from multiple chips.

These changes can be distinguished from actual variabil-

ity because they are nonrandom, and patterns can be de-

tected by visualizing signals over the entire area of the

chip. When dyes of different spectral properties are used

to label two different samples in a competitive hybridiza-

tion reaction using a single array, differences may arise

because of labeling bias rather than gene expression

level. For instance, the green channel may appear consis-

tently brighter than the red channel despite the fact that

there are no real differences in expression. Hybridization

with reverse dyes can ensure detection and elimination

of dye bias effects. As with any quantitative assay for
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RNA, the integrity of the sample affects its measurement,

and sample quality is an important determinant for accu-

racy. For instance, because labeling is directed from the

3’ to the 5’ end but RNA degrades from the 5’ end, de-

graded RNA leads to high 3’/5’ ratios, resulting in non-

uniform labeling across the entire transcript. Finally, vari-

ability can be introduced during the processing of micro-

arrays, which is a relatively complex procedure that

involves multiple steps such as labeling, hybridization,

washing, and staining (technical variables). Such variabil-

ity can mask true differences in the samples tested.

When used as a diagnostic test, the microarray should

demonstrate robustness, reproducibility, a high degree

of correlation to the original format, and reliable progno-

sis prediction. The microarray ideally should contain at

least 2–3 replicate spots for each reporter gene to ensure

intra-assay reproducibility. With a two-channel microar-

ray, a reference sample pool can be hybridized in the

complimentary fluorescent channel so that data can be

expressed as log ratios, which reduces the need for ex-

tensive normalization. Interassay reproducibility of test

results and stability over time can be tracked by using a

number of reference samples that, when labeled and hy-

bridized, represent a spectrum of predictive endpoints

(for instance, high risk, borderline risk, low risk) and that

should fall within a predetermined range of results. Fail-

ure of these controls should result in rejection of results of

samples in the same assay run. If the assay is performed at

many sites, site-to-site reproducibility is imperative and

must be assessed. The reproducibility of the assay with

regard to tissue extraction also must be determined,

and the quality of tissue specimens or RNA should be

specified clearly (for instance, percentage of tumor cells

within a specimen).

In conclusion, microarray experiments should be care-

fully designed and conducted in order to minimize vari-

ability and to yield data that accurately relate to the

samples analyzed. In addition, biomarkers of interest

should be analyzed and verified using an alternative plat-

form such as qRT-PCR that should be shown to be repro-

ducibly detected in the same and different samples. The

development of reference standards, especially when mi-

croarrays are used as diagnostic tests, is the next step to

ensuring the quality and validation of microarray results.

With the shift from custom-built to commercial microar-

rays, issues with reproducibility, standardization, and

quality control have been largely addressed by the

stringent quality controls used in commercial manufac-

turing.~USP35

BRIEFING

h1151i Pharmaceutical Dosage Forms, USP 32 page 663
and page 1260 of PF 35(5) [Sept.–Oct. 2009]. The revision pro-
posal for this general information chapter is being presented
again in response to comments received following the PF
35(5) proposal. Specific changes have been made to the follow-
ing sections based on comments received.
1. General Considerations—Include the table on recom-

mended excess volume in injections from h1151i, found
in USP 32.

2. Product Quality Tests, General—Mention elemental impu-
rities, giving Heavy Metals h231i as the current procedure
but setting the stage for introduction of new elemental im-
purities chapters.

3. Dosage Forms, Aerosols—Replace the terms ‘‘activation’’
and ‘‘activator’’, with ‘‘actuation’’ and ‘‘actuator’’. For top-
ical products, expand discussion and differentiate between
metered and continuous release products.

4. Dosage Forms, Capsules and Tablets—Elaborate the dis-
cussion of the modified release category to include extend-
ed-release as well as delayed-release.

5. Dosage Forms, Lozenges—Remove mention of ‘‘lollipops’’
because use of the term for a pharmaceutical dosage form
could lead to medication errors.

6. Dosage Forms, Pellets—For oral pellets, replace the mesh
size description with particle size in microns.

7. Dosage Forms, Suspensions—Allow that antimicrobial
agents may not be required in formulations where con-
firmatory studies have been performed to demonstrate
the product will not support microbial growth or other ap-
propriate measures have been taken to control microbial
contamination.

8. Dosage Forms, Tablets—Add a statement that tablets la-
beled as ‘‘chewable’’ must be chewed prior to swallowing
to achieve release of the API. Under Orally Disintegrating
Tablets, indicate that the API is intended to be absorbed
in the gastro-intestinal tract.

9. Glossary—Change the introductory paragraph to instruct
that the definition will state when a term is not to be used
in an article name. This statement is relevant to the follow-
ing definitions where a change was made to indicate that
the term is not to be used in article names: conventional
release, dosage form, dry powder inhaler, emollient, excip-
ient, immediate release, modified release, molded tablet,
semisolid, and vehicle.
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10. Glossary—The wording of the following definitions were
changed to reflect comments received: colloid dispersion,
dental, dermal, film, intraocular, ophthalmic, orally disinte-
grating, patch, plaster, inhalation powder, topical, and
transdermal system.

(BPC: W. Brown.) RTS—C69686; C87894

Change to read:

h1151i PHARMACEUTICAL
DOSAGE FORMS

Dosage forms are provided for most of the Pharmacopeial
drug substances, but the processes for the preparation of many
of them are, in general, beyond the scope of the Pharmacopeia.
In addition to defining the dosage forms, this section presents
the general principles involved in the manufacture of some of
them, particularly on a small scale. Other information that is gi-
ven bears on the use of the Pharmacopeial substances in extem-
poraneous compounding of dosage forms.

BIOAVAILABILITY

Bioavailability, or the extent to which the therapeutic constit-
uent of a pharmaceutical dosage form intended for oral or top-
ical use is available for absorption, is influenced by a variety of
factors. Among the inherent factors known to affect absorption
are the method of manufacture or method of compounding;
the particle size and crystal form or polymorph of the drug sub-
stance; and the diluents and excipients used in formulating the
dosage form, including fillers, binders, disintegrating agents,
lubricants, coatings, solvents, suspending agents, and dyes. Lu-
bricants and coatings are foremost among these. The mainte-
nance of a demonstrably high degree of bioavailability requires
particular attention to all aspects of production and quality con-
trol that may affect the nature of the finished dosage form.

TERMINOLOGY

Occasionally it is necessary to add solvent to the contents of a
container just prior to use, usually because of instability of some
drugs in the diluted form. Thus, a solid diluted to yield a suspen-
sion is called [DRUG] for Suspension; a solid dissolved and dilu-
ted to yield a solution is called [DRUG] for Solution; and a
solution or suspension diluted to yield a more dilute form of
the drug is called [DRUG] Oral Concentrate. After dilution, it is
important that the drug be homogeneously dispersed before
administration.

AEROSOLS

Pharmaceutical aerosols are products that are packaged un-
der pressure and contain therapeutically active ingredients that
are released upon activation of an appropriate valve system.
They are intended for topical application to the skin as well as
local application into the nose (nasal aerosols), mouth (lingual
aerosols), or lungs (inhalation aerosols). These products may be
fitted with valves enabling either continuous or metered-dose
delivery; hence, the terms ‘‘[DRUG] Metered Topical Aerosols,’’
‘‘[DRUG] Metered Nasal Aerosols,’’ etc.

The term ‘‘aerosol’’ refers to the fine mist of spray that results
from most pressurized systems. However, the term has been
broadly misapplied to all self-contained pressurized products,
some of which deliver foams or semisolid fluids. In the case of

Inhalation Aerosols, the particle size of the delivered medication
must be carefully controlled, and the average size of the parti-
cles should be under 5 mm. These products are also known as
metered-dose inhalers (MDIs). Other aerosol sprays may con-
tain particles up to several hundred micrometers in diameter.

The basic components of an aerosol system are the container,
the propellant, the concentrate containing the active ingredi-
ent(s), the valve, and the actuator. The nature of these compo-
nents determines such characteristics as particle size
distribution, uniformity of dose for metered valves, delivery
rate, wetness and temperature of the spray, spray pattern and
velocity or plume geometry, foam density, and fluid viscosity.

Types of Aerosols

Aerosols consist of two-phase (gas and liquid) or three-phase
(gas, liquid, and solid or liquid) systems. The two-phase aerosol
consists of a solution of active ingredients in liquefied propel-
lant and the vaporized propellant. The solvent is composed of
the propellant or a mixture of the propellant and cosolvents
such as alcohol, propylene glycol, and polyethylene glycols,
which are often used to enhance the solubility of the active in-
gredients.

Three-phase systems consist of a suspension or emulsion of
the active ingredient(s) in addition to the vaporized propel-
lants. A suspension consists of the active ingredient(s) that
may be dispersed in the propellant system with the aid of suit-
able excipients such as wetting agents and/or solid carriers such
as talc or colloidal silicas.

A foam aerosol is an emulsion containing one or more active
ingredients, surfactants, aqueous or nonaqueous liquids, and
the propellants. If the propellant is in the internal (discontinu-
ous) phase (i.e., of the oil-in-water type), a stable foam is dis-
charged; and if the propellant is in the external (continuous)
phase (i.e., of the water-in-oil type), a spray or a quick-breaking
foam is discharged.

Propellants

The propellant supplies the necessary pressure within an aer-
osol system to expel material from the container and, in com-
bination with other components, to convert the material into
the desired physical form. Propellants may be broadly classified
as liquefied or compressed gases having vapor pressures gener-
ally exceeding atmospheric pressure. Propellants within this
definition include various hydrocarbons, especially halogenat-
ed derivatives of methane, ethane, and propane, low molecular
weight hydrocarbons such as the butanes and pentanes, and
compressed gases such as carbon dioxide, nitrogen, and ni-
trous oxide. Mixtures of propellants are frequently used to ob-
tain desirable pressure, delivery, and spray characteristics. A
good propellant system should have the proper vapor pressure
characteristics consistent with the other aerosol components.

Valves

The primary function of the valve is to regulate the flow of the
therapeutic agent and propellant from the container. The spray
characteristics of the aerosol are influenced by orifice dimen-
sion, number, and location. Most aerosol valves provide for
continuous spray operation and are used on most topical prod-
ucts. However, pharmaceutical products for oral or nasal inha-
lation often utilize metered-dose valves that must deliver a
uniform quantity of spray upon each valve activation. The accu-
racy and reproducibility of the doses delivered from metering
valves are generally good, comparing favorably to the uniformi-
ty of solid dosage forms such as tablets and capsules. However,
when aerosol packages are stored improperly, or when they
have not been used for long periods of time, valves must be
primed before use. Materials used for the manufacture of valves
should be inert to the formulations used. Plastic, rubber, alumi-
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num, and stainless steel valve components are commonly used.
Metered-dose valves must deliver an accurate dose within spec-
ified tolerances.

Actuators

An actuator is the fitting attached to an aerosol valve stem,
which when depressed or moved, opens the valve, and directs
the spray containing the drug preparation to the desired area.
The actuator usually indicates the direction in which the prep-
aration is dispensed and protects the hand or finger from the
refrigerant effects of the propellant. Actuators incorporate an
orifice that may vary widely in size and shape. The size of this
orifice, the expansion chamber design, and the nature of the
propellant and formulation influence the delivered dose as well
as the physical characteristics of the spray, foam, or stream of
solid particles dispensed. For inhalation aerosols, an actuator
capable of delivering the medication in the proper particle size
range and with the appropriate spray pattern and plume geom-
etry is utilized.

Containers

Aerosol containers usually are made of glass, plastic, or metal,
or a combination of these materials. Glass containers must be
precisely engineered to provide the maximum in pressure safe-
ty and impact resistance. Plastics may be employed to coat
glass containers for improved safety characteristics, or to coat
metal containers to improve corrosion resistance and enhance
stability of the formulation. Suitable metals include stainless
steel, aluminum, and tin-plated steel. Extractables or leachables
(e.g., drawing oils, cleaning agents, etc.) and particulates on
the internal surfaces of containers should be controlled.

Manufacture

Aerosols are usually prepared by one of two general proces-
ses. In the ‘‘cold-fill’’ process, the concentrate (generally cooled
to a temperature below 08) and the refrigerated propellant are
measured into open containers (usually chilled). The valve-actu-
ator assembly is then crimped onto the container to form a
pressure-tight seal. During the interval between propellant ad-
dition and crimping, sufficient volatilization of propellant oc-
curs to displace air from the container. In the ‘‘pressure-fill’’
method, the concentrate is placed in the container, and either
the propellant is forced under pressure through the valve orifice
after the valve is sealed, or the propellant is allowed to flow un-
der the valve cap and then the valve assembly is sealed (‘‘under-
the-cap’’ filling). In both cases of the ‘‘pressure-fill’’ method,
provision must be made for evacuation of air by means of vac-
uum or displacement with a small amount of propellant vapor.
Manufacturing process controls usually include monitoring of
proper formulation and propellant fill weight and pressure test-
ing, leak testing, and valve function testing of the finished aer-
osol. Microbiological attributes should also be controlled.

Extractable Substances

Since pressurized inhalers and aerosols are normally formulat-
ed with organic solvents as the propellant or the vehicle, leach-
ing of extractables from the elastomeric and plast ic
components into the formulation is a potentially serious prob-
lem. Thus, the composition and the quality of materials used in
the manufacture of the valve components (e.g., stem, gaskets,
housing, etc.) must be carefully selected and controlled. Their
compatibility with formulation components should be well es-
tablished so as to prevent distortion of the valve components
and to minimize changes in the medication delivery, leak rate,
and impurity profile of the drug product over time. The extract-
able profiles of a representative sample of each of the elasto-
meric and plastic components of the valve should be
established under specified conditions and should be correlated

to the extractable profile of the aged drug product or placebo,
to ensure reproducible quality and purity of the drug product.
Extractables, which may include polynuclear aromatics, nitrosa-
mines, vulcanization accelerators, antioxidants, plasticizers,
monomers, etc., should be identified and minimized wherever
possible.

Specifications and limits for individual and total extractables
from different valve components may require the use of differ-
ent analytical methods. In addition, the standard USP biological
testing (see the general test chapters Biological Reactivity Tests,
In Vitro h87i and Biological Reactivity Tests, In Vivo h88i) as well as
other safety data may be needed.

Labeling

Medicinal aerosols should contain at least the following
warning information on the label as in accordance with appro-
priate regulations.

Warning—Avoid inhaling. Avoid spraying into eyes or onto
other mucous membranes.

NOTE—The statement ‘‘Avoid inhaling’’ is not necessary for
preparations specifically designed for use by inhalation. The
phrase ‘‘or other mucous membranes’’ is not necessary for pre-
parations specifically designed for use on mucous membranes.

Warning—Contents under pressure. Do not puncture or in-
cinerate container. Do not expose to heat or store at tempera-
tures above 1208 F (498 C). Keep out of reach of children.

In addition to the aforementioned warnings, the label of a
drug packaged in an aerosol container in which the propellant
consists in whole or in part of a halocarbon or hydrocarbon
shall, where required under regulations of the FDA, bear either
of the following warnings:

Warning—Do not inhale directly; deliberate inhalation of
contents can cause death.

Warning—Use only as directed; intentional misuse by deliber-
ately concentrating and inhaling the contents can be harmful
or fatal.

BOLUSES

Boluses are large elongated tablets intended for administra-
tion to animals (see Tablets).

CAPSULES

Capsules are solid dosage forms in which the drug is enclosed
within either a hard or soft soluble container or ‘‘shell.’’ The
shells are usually formed from gelatin; however, they also may
be made from starch or other suitable substances. Hard-shell
capsule sizes range from No. 5, the smallest, to No. 000, which
is the largest, except for veterinary sizes. However, size No.
00 generally is the largest size acceptable to patients. Size 0
hard gelatin capsules having an elongated body (known as size
OE) also are available, which provide greater fill capacity with-
out an increase in diameter. Hard gelatin capsules consist of
two, telescoping cap and body pieces. Generally, there are
unique grooves or indentations molded into the cap and body
portions to provide a positive closure when fully engaged,
which helps prevent the accidental separation of the filled cap-
sules during shipping and handling. Positive closure also may
be affected by spot fusion (‘‘welding’’) of the cap and body
pieces together through direct thermal means or by application
of ultrasonic energy. Factory-filled hard gelatin capsules may be
completely sealed by banding, a process in which one or more
layers of gelatin are applied over the seam of the cap and body,
or by a liquid fusion process wherein the filled capsules are wet-
ted with a hydroalcoholic solution that penetrates into the
space where the cap overlaps the body, and then dried.
Hard-shell capsules made from starch consist of two, fitted
cap and body pieces. Since the two pieces do not telescope
or interlock positively, they are sealed together at the time of
filling to prevent their separation. Starch capsules are sealed
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by the application of a hydroalcoholic solution to the recessed
section of the cap immediately prior to its being placed onto
the body.

The banding of hard-shell gelatin capsules or the liquid seal-
ing of hard-shell starch capsules enhances consumer safety by
making the capsules difficult to open without causing visible,
obvious damage, and may improve the stability of contents
by limiting O2 penetration. Industrially filled hard-shell capsules
also are often of distinctive color and shape or are otherwise
marked to identify them with the manufacturer. Additionally,
such capsules may be printed axially or radially with strengths,
product codes, etc. Pharmaceutical-grade printing inks are us-
ually based on shellac and employ FDA-approved pigments and
lake dyes.

In extemporaneous prescription practice, hard-shell capsules
may be hand-filled; this permits the prescriber a latitude of
choice in selecting either a single drug or a combination of
drugs at the exact dosage level considered best for the individ-
ual patient. This flexibility gives hard-shell capsules an advan-
tage over compressed tablets and soft-shell capsules as a
dosage form. Hard-shell capsules are usually formed from gela-
tins having relatively high gel strength. Either type may be
used, but blends of pork skin and bone gelatin are often used
to optimize shell clarity and toughness. Hard-shell capsules also
may be formed from starch or other suitable substances. Hard-
shell capsules may also contain colorants, such as D&C and
FD&C dyes or the various iron oxides, opaquing agents such
as titanium dioxide, dispersing agents, hardening agents such
as sucrose, and preservatives. They normally contain between
10% and 15% water.

Hard gelatin capsules are made by a process that involves
dipping shaped pins into gelatin solutions, after which the gel-
atin films are dried, trimmed, and removed from the pins, and
the body and cap pieces are joined. Starch capsules are made
by injection molding a mixture of starch and water, after which
the capsules are dried. A separate mold is used for caps and bo-
dies, and the two parts are supplied separately. The empty cap-
sules should be stored in tight containers until they are filled.
Since gelatin is of animal origin and starch is of vegetable origin,
capsules made with these materials should be protected from
potential sources of microbial contamination.

Hard-shell capsules typically are filled with powder, beads, or
granules. Inert sugar beads (nonpareils) may be coated with ac-
tive ingredients and coating compositions that provide extend-
ed-release profiles or enteric properties. Alternatively, larger-
dose active ingredients themselves may be suitably formed into
pellets and then coated. Semisolids or liquids also may be filled
into hard-shell capsules; however, when the latter are encapsu-
lated, one of the sealing techniques must be employed to pre-
vent leakage.

In hard gelatin capsule filling operations, the body and cap of
the shell are separated prior to dosing. In hard starch shell filling
operations, the bodies and caps are supplied separately and are
fed into separate hoppers of the filling machine. Machines em-
ploying various dosing principles may be employed to fill pow-
ders into hard-shell capsules; however, most fully automatic
machines form powder plugs by compression and eject them
into empty capsule bodies. Accessories to these machines gen-
erally are available for the other types of fills. Powder formula-
tions often require adding fillers, lubricants, and glidants to the
active ingredients to facilitate encapsulation. The formulation,
as well as the method of filling, particularly the degree of com-
paction, may influence the rate of drug release. The addition of
wetting agents to the powder mass is common where the ac-
tive ingredient is hydrophobic. Disintegrants also may be in-
cluded in powder formulations to facilitate deaggregation
and dispersal of capsule plugs in the gut. Powder formulations
often may be produced by dry blending; however, bulky formu-
lations may require densification by roll compaction or other
suitable granulation techniques.

Powder mixtures that tend to liquefy may be dispensed in
hard-shell capsules if an absorbent such as magnesium carbo-
nate, colloidal silicon dioxide, or other suitable substance is
used. Potent drugs are often mixed with an inert diluent before
being filled into capsules. Where two mutually incompatible
drugs are prescribed together, it is sometimes possible to place

one in a small capsule and then enclose it with the second drug
in a larger capsule. Incompatible drugs also can be separated by
placing coated pellets or tablets, or soft-shell capsules of one
drug into the capsule shell before adding the second drug.

Thixotropic semisolids may be formed by gelling liquid drugs
or vehicles with colloidal silicas or powdered high molecular
weight polyethylene glycols. Various waxy or fatty compounds
may be used to prepare semisolid matrices by fusion.

Soft-shell capsules made from gelatin (sometimes called soft-
gels) or other suitable material require large-scale production
methods. The soft gelatin shell is somewhat thicker than that
of hard-shell capsules and may be plasticized by the addition
of a polyol such as sorbitol or glycerin. The ratio of dry plastici-
zer to dry gelatin determines the ‘‘hardness’’ of the shell and
may be varied to accommodate environmental conditions as
well as the nature of the contents. Like hard shells, the shell
composition may include approved dyes and pigments, opa-
quing agents such as titanium dioxide, and preservatives. Fla-
vors may be added and up to 5% sucrose may be included
for its sweetness and to produce a chewable shell. Soft gelatin
shells normally contain 6% to 13% water. Soft-shell capsules
also may be printed with a product code, strength, etc. In most
cases, soft-shell capsules are filled with liquid contents. Typical-
ly, active ingredients are dissolved or suspended in a liquid ve-
hicle. Classically, an oleaginous vehicle such as a vegetable oil
was used; however, nonaqueous, water-miscible liquid vehicles
such as the lower-molecular-weight polyethylene glycols are
more common today due to fewer bioavailability problems.

Available in a wide variety of sizes and shapes, soft-shell cap-
sules are both formed, filled, and sealed in the same machine;
typically, this is a rotary die process, although a plate process or
reciprocating die process also may be employed. Soft-shell cap-
sules also may be manufactured in a bubble process that forms
seamless spherical capsules. With suitable equipment, powders
and other dry solids also may be filled into soft-shell capsules.

Liquid-filled capsules of either type involve similar formula-
tion technology and offer similar advantages and limitations.
For instance, both may offer advantages over dry-filled capsules
and tablets in content uniformity and drug dissolution. Greater
homogeneity is possible in liquid systems, and liquids can be
metered more accurately. Drug dissolution may benefit be-
cause the drug may already be in solution or at least suspended
in a hydrophilic vehicle. However, the contact between the
hard or soft shell and its liquid content is more intimate than
exists with dry-filled capsules, and this may enhance the chanc-
es for undesired interactions. The liquid nature of capsule con-
tents presents different technological problems than dry-filled
capsules in regard to disintegration and dissolution testing.
From formulation, technological, and biopharmaceutical
points of view, liquid-filled capsules of either type have more
in common than liquid-filled and dry-filled capsules having
the same shell composition. Thus, for compendial purposes,
standards and methods should be established based on capsule
contents rather than on whether the contents are filled into
hard- or soft-shell capsules.

Delayed-Release Capsules

Capsules may be coated, or, more commonly, encapsulated
granules may be coated to resist releasing the drug in the gas-
tric fluid of the stomach where a delay is important to alleviate
potential problems of drug inactivation or gastric mucosal irri-
tation. The term ‘‘delayed-release’’ is used for Pharmacopeial
monographs on enteric coated capsules that are intended to
delay the release of medicament until the capsule has passed
through the stomach, and the individual monographs include
tests and specifications for Drug release (see Drug Release h724i)
or Disintegration (see Disintegration h701i).

Extended-Release Capsules

Extended-release capsules are formulated in such manner as
to make the contained medicament available over an extended
period of time following ingestion. Expressions such as ‘‘pro-
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longed-action,’’ ‘‘repeat-action,’’ and ‘‘sustained-release’’ have
also been used to describe such dosage forms. However, the
term ‘‘extended-release’’ is used for Pharmacopeial purposes
and requirements for Drug release (see Drug Release h724i) typ-
ically are specified in the individual monographs.

CONCENTRATE FOR DIP

Concentrate for Dip is a preparation containing one or more
active ingredients usually in the form of a paste or solution. It is
used to prepare a diluted suspension, emulsion, or solution of
the active ingredient(s) for the prevention and treatment of ec-
toparasitic infestations of animals. The diluted preparation
(Dip) is applied by complete immersion of the animal or, where
appropriate, by spraying. Concentrate for Dip may contain suit-
able antimicrobial preservatives.

CREAMS

Creams are semisolid dosage forms containing one or more
drug substances dissolved or dispersed in a suitable base. This
term has traditionally been applied to semisolids that possess a
relatively fluid consistency formulated as either water-in-oil
(e.g., Cold Cream) or oil-in-water (e.g., Fluocinolone Acetonide
Cream) emulsions. However, more recently the term has been
restricted to products consisting of oil-in-water emulsions or
aqueous microcrystalline dispersions of long-chain fatty acids
or alcohols that are water washable and more cosmetically
and aesthetically acceptable. Creams can be used for adminis-
tering drugs via the vaginal route (e.g., Triple Sulfa Vaginal
Cream).

ELIXIRS

See Solutions.

EMULSIONS

Emulsions are two-phase systems in which one liquid is dis-
persed throughout another liquid in the form of small droplets.
Where oil is the dispersed phase and an aqueous solution is the
continuous phase, the system is designated as an oil-in-water
emulsion. Conversely, where water or an aqueous solution is
the dispersed phase and oil or oleaginous material is the contin-
uous phase, the system is designated as a water-in-oil emulsion.
Emulsions are stabilized by emulsifying agents that prevent co-
alescence, the merging of small droplets into larger droplets
and, ultimately, into a single separated phase. Emulsifying
agents (surfactants) do this by concentrating in the interface
between the droplet and external phase and by providing a
physical barrier around the particle to coalescence. Surfactants
also reduce the interfacial tension between the phases, thus in-
creasing the ease of emulsification upon mixing.

Natural, semisynthetic, and synthetic hydrophilic polymers
may be used in conjunction with surfactants in oil-in-water
emulsions as they accumulate at interfaces and also increase
the viscosity of the aqueous phase, thereby decreasing the rate
of formation of aggregates of droplets. Aggregation is generally
accompanied by a relatively rapid separation of an emulsion in-
to a droplet-rich and droplet-poor phase. Normally the density
of an oil is lower than that of water, in which case the oil drop-
lets and droplet aggregates rise, a process referred to as cream-
ing. The greater the rate of aggregation, the greater the droplet
size and the greater the rate of creaming. The water droplets in
a water-in-oil emulsion generally sediment because of their
greater density.

The consistency of emulsions varies widely, ranging from eas-
ily pourable liquids to semisolid creams. Generally oil-in-water
creams are prepared at high temperature, where they are fluid,
and cooled to room temperature, whereupon they solidify as a
result of solidification of the internal phase. When this is the
case, a high internal-phase volume to external-phase volume

ratio is not necessary for semisolid character, and, for example,
stearic acid creams or vanishing creams are semisolid with as
little as 15% internal phase. Any semisolid character with wa-
ter-in-oil emulsions generally is attributable to a semisolid exter-
nal phase.

All emulsions require an antimicrobial agent because the
aqueous phase is favorable to the growth of microorganisms.
The presence of a preservative is particularly critical in oil-in-wa-
ter emulsions where contamination of the external phase oc-
curs readily. Since fungi and yeasts are found with greater
frequency than bacteria, fungistatic as well as bacteriostatic
properties are desirable. Bacteria have been shown to degrade
nonionic and anionic emulsifying agents, glycerin, and many
natural stabilizers such as tragacanth and guar gum.

Complications arise in preserving emulsion systems, as a re-
sult of partitioning of the antimicrobial agent out of the aque-
ous phase where it is most needed, or of complexation with
emulsion ingredients that reduce effectiveness. Therefore, the
effectiveness of the preservative system should always be tested
in the final product. Preservatives commonly used in emulsions
include methyl-, ethyl-, propyl-, and butyl-parabens, benzoic
acid, and quaternary ammonium compounds.

See also Creams and Ointments.

EXTRACTS AND FLUIDEXTRACTS

Extracts are concentrated preparations of vegetable or ani-
mal drugs obtained by removal of the active constituents of
the respective drugs with suitable menstrua, by evaporation
of all or nearly all of the solvent, and by adjustment of the re-
sidual masses or powders to the prescribed standards.

In the manufacture of most extracts, the drugs are extracted
by percolation. The entire percolates are concentrated, gener-
ally by distillation under reduced pressure in order to subject
the drug principles to as little heat as possible.

Fluidextracts are liquid preparations of vegetable drugs, con-
taining alcohol as a solvent or as a preservative, or both, and so
made that, unless otherwise specified in an individual mono-
graph, each mL contains the therapeutic constituents of 1 g
of the standard drug that it represents.

A fluidextract that tends to deposit sediment may be aged
and filtered or the clear portion decanted, provided the result-
ing clear liquid conforms to the Pharmacopeial standards.

Fluidextracts may be prepared from suitable extracts.

GELS

Gels (sometimes called Jellies) are semisolid systems consist-
ing of either suspensions made up of small inorganic particles or
large organic molecules interpenetrated by a liquid. Where the
gel mass consists of a network of small discrete particles, the gel
is classified as a two-phase system (e.g., Aluminum Hydroxide
Gel). In a two-phase system, if the particle size of the dispersed
phase is relatively large, the gel mass is sometimes referred to as
a magma (e.g., Bentonite Magma). Both gels and magmas may
be thixotropic, forming semisolids on standing and becoming
liquid on agitation. They should be shaken before use to ensure
homogeneity and should be labeled to that effect. (See Suspen-
sions.)

Single-phase gels consist of organic macromolecules uni-
formly distributed throughout a liquid in such a manner that
no apparent boundaries exist between the dispersed macro-
molecules and the liquid. Single-phase gels may be made from
synthetic macromolecules (e.g., Carbomer) or from natural
gums (e.g., Tragacanth). The latter preparations are also called
mucilages. Although these gels are commonly aqueous, alco-
hols and oils may be used as the continuous phase. For exam-
ple, mineral oil can be combined with a polyethylene resin to
form an oleaginous ointment base.

Gels can be used to administer drugs topically or into body
cavities (e.g., Phenylephrine Hydrochloride Nasal Jelly).

Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1727

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



IMPLANTS (PELLETS)

Implants or pellets are small sterile solid masses consisting of
a highly purified drug (with or without excipients) made by
compression or molding. They are intended for implantation
in the body (usually subcutaneously) for the purpose of provid-
ing continuous release of the drug over long periods of time.
Implants are administered by means of a suitable special injec-
tor or surgical incision. This dosage form has been used to ad-
minister hormones such as testosterone or estradiol. They are
packaged individually in sterile vials or foil strips.

INFUSIONS, INTRAMAMMARY

Intramammary infusions are suspensions of drugs in suitable
oil vehicles. These preparations are intended for veterinary use
only, and are administered by instillation via the teat canals into
the udders of milk-producing animals.

INHALATIONS

Inhalations are drugs or solutions or suspensions of one or
more drug substances administered by the nasal or oral respi-
ratory route for local or systemic effect.

Solutions of drug substances in sterile water for inhalation or
in sodium chloride inhalation solution may be nebulized by use
of inert gases. Nebulizers are suitable for the administration of
inhalation solutions only if they give droplets sufficiently fine
and uniform in size so that the mist reaches the bronchioles.
Nebulized solutions may be breathed directly from the nebuliz-
er or the nebulizer may be attached to a plastic face mask, tent,
or intermittent positive pressure breathing (IPPB) machine.

Another group of products, also known as metered-dose in-
halers (MDIs) are propellant-driven drug suspensions or solu-
tions in liquified gas propellant with or without a cosolvent
and are intended for delivering metered doses of the drug to
the respiratory tract. An MDI contains multiple doses, often ex-
ceeding several hundred. The most common single-dose vol-
umes delivered are from 25 to 100 mL (also expressed as mg)
per actuation.

Examples of MDIs containing drug solutions and suspensions
in this pharmacopeia are Epinephrine Inhalation Aerosol and Iso-
proterenol Hydrochloride and Phenylephrine Bitartrate Inhalation
Aerosol, respectively.

Powders may also be administered by mechanical devices
that require manually produced pressure or a deep inhalation
by the patient (e.g., Cromolyn Sodium for Inhalation).

A special class of inhalations termed inhalants consists of
drugs or combination of drugs, that by virtue of their high va-
por pressure, can be carried by an air current into the nasal pas-
sage where they exert their effect. The container from which
the inhalant generally is administered is known as an inhaler.

INJECTIONS

An Injection is a preparation intended for parenteral admin-
istration or for constituting or diluting a parenteral article prior
to administration (see Injections h1i).

Each container of an Injection is filled with a volume in slight
excess of the labeled ‘‘size’’ or that volume that is to be with-
drawn. The excess volumes recommended in the accompany-
ing table are usually sufficient to permit withdrawal and
administration of the labeled volumes.

Recommended Excess Volume

Labeled Size
For Mobile

Liquids
For Viscous

Liquids

0.5 mL 0.10 mL 0.12 mL
1.0 mL 0.10 mL 0.15 mL
2.0 mL 0.15 mL 0.25 mL
5.0 mL 0.30 mL 0.50 mL

10.0 mL 0.50 mL 0.70 mL

Recommended Excess Volume

Labeled Size
For Mobile

Liquids
For Viscous

Liquids

20.0 mL 0.60 mL 0.90 mL
30.0 mL 0.80 mL 1.20 mL

50.0 mL or more 2% 3%

IRRIGATIONS

Irrigations are sterile solutions intended to bathe or flush o-
pen wounds or body cavities. They are used topically, never par-
enterally. They are labeled to indicate that they are not
intended for injection.

LOTIONS

See Solutions or Suspensions.

LOZENGES

Lozenges are solid preparations, that are intended to dissolve
or disintegrate slowly in the mouth. They contain one or more
medicaments, usually in a flavored, sweetened base. They can
be prepared by molding (gelatin and/or fused sucrose or sorbi-
tol base) or by compression of sugar-based tablets. Molded loz-
enges are sometimes referred to as pastilles while compressed
lozenges are often referred to as troches. They are usually in-
tended for treatment of local irritation or infections of the
mouth or throat but may contain active ingredients intended
for systemic absorption after swallowing.

OINTMENTS

Ointments are semisolid preparations intended for external
application to the skin or mucous membranes.

Ointment bases recognized for use as vehicles fall into four
general classes: the hydrocarbon bases, the absorption bases,
the water-removable bases, and the water-soluble bases. Each
therapeutic ointment possesses as its base a representative of
one of these four general classes.

Hydrocarbon Bases

These bases, which are known also as ‘‘oleaginous ointment
bases,’’ are represented by White Petrolatum and White Oint-
ment. Only small amounts of an aqueous component can be
incorporated into them. They serve to keep medicaments in
prolonged contact with the skin and act as occlusive dressings.
Hydrocarbon bases are used chiefly for their emollient effects,
and are difficult to wash off. They do not ‘‘dry out’’ or change
noticeably on aging.

Absorption Bases

This class of bases may be divided into two groups: the first
group consisting of bases that permit the incorporation of
aqueous solutions with the formation of a water-in-oil emulsion
(Hydrophilic Petrolatum and Lanolin), and the second group con-
sisting of water-in-oil emulsions that permit the incorporation
of additional quantities of aqueous solutions (Lanolin). Absorp-
tion bases are useful also as emollients.
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Water-Removable Bases

Such bases are oil-in-water emulsions, e.g., Hydrophilic Oint-
ment, and are more correctly called ‘‘creams.’’ (See Creams.)
They are also described as ‘‘water-washable,’’ since they may
be readily washed from the skin or clothing with water, an at-
tribute that makes them more acceptable for cosmetic reasons.
Some medicaments may be more effective in these bases than
in hydrocarbon bases. Other advantages of the water-remov-
able bases are that they may be diluted with water and that
they favor the absorption of serous discharges in dermatologi-
cal conditions.

Water-Soluble Bases

This group of so-called ‘‘greaseless ointment bases’’ compris-
es water-soluble constituents. Polyethylene Glycol Ointment is
the only Pharmacopeial preparation in this group. Bases of this
type offer many of the advantages of the water-removable ba-
ses and, in addition, contain no water-insoluble substances
such as petrolatum, anhydrous lanolin, or waxes. They are more
correctly called ‘‘Gels.’’ (See Gels.)

Choice of Base—The choice of an ointment base depends
upon many factors, such as the action desired, the nature of the
medicament to be incorporated and its bioavailability and sta-
bility, and the requisite shelf-life of the finished product. In some
cases, it is necessary to use a base that is less than ideal in order
to achieve the stability required. Drugs that hydrolyze rapidly,
for example, are more stable in hydrocarbon bases than in ba-
ses containing water, even though they may be more effective
in the latter.

OPHTHALMIC PREPARATIONS

Drugs are administered to the eyes in a wide variety of dos-
age forms, some of which require special consideration. They
are discussed in the following paragraphs.

Ointments

Ophthalmic ointments are ointments for application to the
eye. Special precautions must be taken in the preparation of
ophthalmic ointments. They are manufactured from sterilized
ingredients under rigidly aseptic conditions and meet the re-
quirements under Sterility Tests h71i. If the specific ingredients
used in the formulation do not lend themselves to routine ster-
ilization techniques, ingredients that meet the sterility require-
ments described under Sterility Tests h71i, along with aseptic
manufacture, may be employed. Ophthalmic ointments must
contain a suitable substance or mixture of substances to pre-
vent growth of, or to destroy, microorganisms accidentally in-
troduced when the container is opened during use, unless
otherwise directed in the individual monograph, or unless the
formula itself is bacteriostatic (see Added Substances under Oph-
thalmic Ointments h771i). The medicinal agent is added to the
ointment base either as a solution or as a micronized powder.
The finished ointment must be free from large particles and
must meet the requirements for Leakage and for Metal Particles
under Ophthalmic Ointments h771i. The immediate containers
for ophthalmic ointments shall be sterile at the time of filling
and closing. It is mandatory that the immediate containers
for ophthalmic ointments be sealed and tamper-proof so that
sterility is assured at time of first use.

The ointment base that is selected must be nonirritating to
the eye, permit diffusion of the drug throughout the secretions
bathing the eye, and retain the activity of the medicament for a
reasonable period under proper storage conditions.

Petrolatum is mainly used as a base for ophthalmic drugs.
Some absorption bases, water-removable bases, and water-sol-
uble bases may be desirable for water-soluble drugs. Such bases
allow for better dispersion of water-soluble medicaments, but
they must be nonirritating to the eye.

Solutions

Ophthalmic solutions are sterile solutions, essentially free
from foreign particles, suitably compounded and packaged
for instillation into the eye. Preparation of an ophthalmic solu-
tion requires careful consideration of such factors as the inher-
ent toxicity of the drug itself, isotonicity value, the need for
buffering agents, the need for a preservative (and, if needed,
its selection), sterilization, and proper packaging. Similar con-
siderations are also made for nasal and otic products.

Isotonicity Value

Lacrimal fluid is isotonic with blood, having an isotonicity val-
ue corresponding to that of a 0.9% sodium chloride solution.
Ideally, an ophthalmic solution should have this isotonicity val-
ue; but the eye can tolerate isotonicity values as low as that of a
0.6% sodium chloride solution and as high as that of a 2.0%
sodium chloride solution without marked discomfort.

Some ophthalmic solutions are necessarily hypertonic in or-
der to enhance absorption and provide a concentration of the
active ingredient(s) strong enough to exert a prompt and effec-
tive action. Where the amount of such solutions used is small,
dilution with lacrimal fluid takes place rapidly so that discomfort
from the hypertonicity is only temporary. However, any adjust-
ment toward isotonicity by dilution with tears is negligible
where large volumes of hypertonic solutions are used as collyria
to wash the eyes; it is, therefore, important that solutions used
for this purpose be approximately isotonic.

Buffering

Many drugs, notably alkaloidal salts, are most effective at pH
levels that favor the undissociated free bases. At such pH levels,
however, the drug may be unstable so that compromise levels
must be found and held by means of buffers. One purpose of
buffering some ophthalmic solutions is to prevent an increase in
pH caused by the slow release of hydroxyl ions by glass. Such a
rise in pH can affect both the solubility and the stability of the
drug. The decision whether or not buffering agents should be
added in preparing an ophthalmic solution must be based on
several considerations. Normal tears have a pH of about 7.4 and
possess some buffer capacity. The application of a solution to
the eye stimulates the flow of tears and the rapid neutralization
of any excess hydrogen or hydroxyl ions within the buffer capa-
city of the tears. Many ophthalmic drugs, such as alkaloidal
salts, are weakly acidic and have only weak buffer capacity.
Where only 1 or 2 drops of a solution containing them are add-
ed to the eye, the buffering action of the tears is usually ade-
quate to raise the pH and prevent marked discomfort. In
some cases pH may vary between 3.5 and 8.5. Some drugs, no-
tably pilocarpine hydrochloride and epinephrine bitartrate, are
more acid and overtax the buffer capacity of the lacrimal fluid.
Ideally, an ophthalmic solution should have the same pH, as
well as the same isotonicity value, as lacrimal fluid. This is not
usually possible since, at pH 7.4, many drugs are not apprecia-
bly soluble in water. Most alkaloidal salts precipitate as the free
alkaloid at this pH. Additionally, many drugs are chemically un-
stable at pH levels approaching 7.4. This instability is more
marked at the high temperatures employed in heat sterilization.
For this reason, the buffer system should be selected that is
nearest to the physiological pH of 7.4 and does not cause pre-
cipitation of the drug or its rapid deterioration.

An ophthalmic preparation with a buffer system approaching
the physiological pH can be obtained by mixing a sterile solu-
tion of the drug with a sterile buffer solution using aseptic tech-
nique. Even so, the possibility of a shorter shelf-life at the higher
pH must be taken into consideration, and attention must be di-
rected toward the attainment and maintenance of sterility
throughout the manipulations.
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Many drugs, when buffered to a therapeutically acceptable
pH, would not be stable in solution for long periods of time.
These products are lyophilized and are intended for reconstitu-
tion immediately before use (e.g., Acetylcholine Chloride for Oph-
thalmic Solution).

Sterilization

The sterility of solutions applied to an injured eye is of the
greatest importance. Sterile preparations in special containers
for individual use on one patient should be available in every
hospital, office, or other installation where accidentally or sur-
gically traumatized eyes are treated. The method of attaining
sterility is determined primarily by the character of the particu-
lar product (see Sterilization and Sterility Assurance of Compen-
dial Articles h1211i).

Whenever possible, sterile membrane filtration under aseptic
conditions is the preferred method. If it can be shown that pro-
duct stability is not adversely affected, sterilization by autoclav-
ing in the final container is also a preferred method.

Buffering certain drugs near the physiological pH range
makes them quite unstable at high temperature.

Avoiding the use of heat by employing a bacteria-retaining
filter is a valuable technique, provided caution is exercised in
the selection, assembly, and use of the equipment. Single-filtra-
tion, presterilized disposable units are available and should be
utilized wherever possible.

Preservation

Ophthalmic solutions may be packaged in multiple-dose
containers when intended for the individual use of one patient
and where the ocular surfaces are intact. It is mandatory that
the immediate containers for ophthalmic solutions be sealed
and tamper-proof so that sterility is assured at time of first
use. Each solution must contain a suitable substance or mixture
of substances to prevent the growth of, or to destroy, microor-
ganisms accidentally introduced when the container is opened
during use.

Where intended for use in surgical procedures, ophthalmic
solutions, although they must be sterile, should not contain an-
tibacterial agents, since they may be irritating to the ocular tis-
sues.

Thickening Agent

A pharmaceutical grade of methylcellulose (e.g., 1% if the
viscosity is 25 centipoises, or 0.25% if 4000 centipoises) or oth-
er suitable thickening agents such as hydroxypropyl methylcel-
lulose or polyvinyl alcohol occasionally are added to
ophthalmic solutions to increase the viscosity and prolong con-
tact of the drug with the tissue. The thickened ophthalmic so-
lution must be free from visible particles.

Suspensions

Ophthalmic suspensions are sterile liquid preparations con-
taining solid particles dispersed in a liquid vehicle intended
for application to the eye (see Suspensions). It is imperative that
such suspensions contain the drug in a micronized form to pre-
vent irritation and/or scratching of the cornea. Ophthalmic sus-
pensions should never be dispensed if there is evidence of
caking or aggregation.

Strips

Fluorescein sodium solution should be dispensed in a sterile,
single-use container or in the form of a sterile, impregnated pa-
per strip. The strip releases a sufficient amount of the drug for
diagnostic purposes when touched to the eye being examined

for a foreign body or a corneal abrasion. Contact of the paper
with the eye may be avoided by leaching the drug from the
strip onto the eye with the aid of sterile water or sterile sodium
chloride solution.

PASTES

Pastes are semisolid dosage forms that contain one or more
drug substances intended for topical application. One class is
made from a single-phase aqueous gel (e.g., Carboxymethylce-
llulose Sodium Paste). The other class, the fatty pastes (e.g., Zinc
Oxide Paste), consists of thick, stiff ointments that do not ordi-
narily flow at body temperature, and therefore serve as protec-
tive coatings over the areas to which they are applied.

The fatty pastes appear less greasy and more absorptive than
ointments by reason of a high proportion of drug substance(s)
having an affinity for water. These pastes tend to absorb serous
secretions, and are less penetrating and less macerating than
ointments, so that they are preferred for acute lesions that have
a tendency towards crusting, vesiculation, or oozing.

A dental paste is intended for adhesion to the mucous
membrane for local effect (e.g., Triamcinolone Acetonide Dental
Paste). Some paste preparations intended for administration to
animals are applied orally. The paste is squeezed into the mouth
of the animal, generally at the back of the tongue, or is spread
inside the mouth.

PELLETS

See Implants.

POWDERS

Powders are intimate mixtures of dry, finely divided drugs
and/or chemicals that may be intended for internal (Oral Pow-
ders) or external (Topical Powders) use. Because of their greater
specific surface area, powders disperse and dissolve more read-
ily than compacted dosage forms. Children and those adults
who experience difficulty in swallowing tablets or capsules
may find powders more acceptable. Drugs that are too bulky
to be formed into tablets or capsules of convenient size may
be administered as powders. Immediately prior to use, oral
powders are mixed in a beverage or apple sauce.

Often, stability problems encountered in liquid dosage forms
are avoided in powdered dosage forms. Drugs that are unstable
in aqueous suspensions or solutions may be prepared in the
form of granules or powders. These are intended to be consti-
tuted by the pharmacist by the addition of a specified quantity
of water just prior to dispensing. Because these constituted
products have limited stability, they are required to have a spec-
ified expiration date after constitution and may require storage
in a refrigerator.

Oral powders may be dispensed in doses premeasured by the
pharmacist, i.e., divided powders, or in bulk. Traditionally, di-
vided powders have been wrapped in materials such as bond
paper and parchment. However, the pharmacist may provide
greater protection from the environment by sealing individual
doses in small cellophane or polyethylene envelopes.

Granules for veterinary use may be administered by sprin-
kling the dry powder on animal feed or by mixing it with animal
food.

Bulk oral powders are limited to relatively nonpotent drugs
such as laxatives, antacids, dietary supplements, and certain an-
algesics that the patient may safely measure by the teaspoonful
or capful. Other bulky powders include douche powders, tooth
powders, and dusting powders. Bulk powders are best dis-
pensed in tight, wide-mouth glass containers to afford maxi-
mum protection from the atmosphere and to prevent the loss
of volatile constituents.

Dusting powders are impalpable powders intended for topi-
cal application. They may be dispensed in sifter-top containers
to facilitate dusting onto the skin. In general, dusting powders
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should be passed through at least a 100-mesh sieve to assure
freedom from grit that could irritate traumatized areas (see
Powder Fineness h811i).

PREMIXES

Premixes are mixtures of one or more drug substances with
suitable vehicles. Premixes are intended for admixture to animal
feedstuffs before administration. They are used to facilitate di-
lution of the active drug components with animal feed. Premix-
es should be as homogeneous as possible. It is essential that
materials of suitable fineness be used and that thorough mixing
be achieved at all stages of premix preparation. Premixes may
be prepared as powder, pellets, or in granulated form. The
granulated form is free-flowing and free from aggregates.

SOLUTIONS

Solutions are liquid preparations that contain one or more
chemical substances dissolved, i.e., molecularly dispersed, in a
suitable solvent or mixture of mutually miscible solvents. Since
molecules in solutions are uniformly dispersed, the use of solu-
tions as dosage forms generally provides for the assurance of
uniform dosage upon administration, and good accuracy when
diluting or otherwise mixing solutions.

Substances in solutions, however, are more susceptible to
chemical instability than the solid state and dose for dose, gen-
erally require more bulk and weight in packaging relative to sol-
id dosage forms. For all solutions, but particularly those
containing volatile solvents, tight containers, stored away from
excessive heat, should be used. Consideration should also be
given to the use of light-resistant containers when photolytic
chemical degradation is a potential stability problem. Dosage
forms categorized as ‘‘Solutions’’ are classified according to
route of administration, such as ‘‘Oral Solutions’’ and ‘‘Topical
Solutions,’’ or by their solute and solvent systems, such as ‘‘Spir-
its,’’ ‘‘Tinctures,’’ and ‘‘Waters.’’ Solutions intended for paren-
teral administration are officially entitled ‘‘Injections’’ (see
Injections h1i).

Oral Solutions

Oral Solutions are liquid preparations, intended for oral ad-
ministration, that contain one or more substances with or with-
out flavoring, sweetening, or coloring agents dissolved in water
or cosolvent-water mixtures. Oral Solutions may be formulated
for direct oral administration to the patient or they may be dis-
pensed in a more concentrated form that must be diluted prior
to administration. It is important to recognize that dilution with
water of Oral Solutions containing cosolvents, such as alcohol,
could lead to precipitation of some ingredients. Hence, great
care must be taken in diluting concentrated solutions when co-
solvents are present. Preparations dispensed as soluble solids or
soluble mixtures of solids, with the intent of dissolving them in a
solvent and administering them orally, are designated ‘‘for Oral
Solution’’ (e.g., Potassium Chloride for Oral Solution).

Oral Solutions containing high concentrations of sucrose or
other sugars traditionally have been designated as Syrups. A
near-saturated solution of sucrose in purified water, for exam-
ple, is known as Syrup or ‘‘Simple Syrup.’’ Through common
usage the term, syrup, also has been used to include any other
liquid dosage form prepared in a sweet and viscid vehicle, in-
cluding oral suspensions.

In addition to sucrose and other sugars, certain polyols such
as sorbitol or glycerin may be present in Oral Solutions to inhibit
crystallization and to modify solubility, taste, mouth-feel, and
other vehicle properties. Antimicrobial agents to prevent the
growth of bacteria, yeasts, and molds are generally also pre-
sent. Some sugarless Oral Solutions contain sweetening agents
such as sorbitol or aspartame, as well as thickening agents such
as the cellulose gums. Such viscid sweetened solutions, contain-
ing no sugars, are occasionally prepared as vehicles for admin-
istration of drugs to diabetic patients.

Many oral solutions, that contain alcohol as a cosolvent, have
been traditionally designated as Elixirs. However, many others
designated as Oral Solutions also contain significant amounts of
alcohol. Since high concentrations of alcohol can produce a
pharmacologic effect when administered orally, other cosol-
vents, such as glycerin and propylene glycol, should be used
to minimize the amount of alcohol required. To be designated
as an Elixir, however, the solution must contain alcohol.

Topical Solutions

Topical Solutions are solutions, usually aqueous but often
containing other solvents, such as alcohol and polyols, intend-
ed for topical application to the skin, or as in the case of Lido-
caine Oral Topical Solution, to the oral mucosal surface. The term
‘‘lotion’’ is applied to solutions or suspensions applied topically.

Otic Solutions

Otic Solutions, intended for instillation in the outer ear, are
aqueous, or they are solutions prepared with glycerin or other
solvents and dispersing agents (e.g., Antipyrine and Benzocaine
Otic Solution and Neomycin and Polymyxin B Sulfates and Hydro-
cortisone Otic Solution).

Ophthalmic Solutions

See Ophthalmic Preparations.

Spirits

Spirits are alcoholic or hydroalcoholic solutions of volatile
substances prepared usually by simple solution or by admixture
of the ingredients. Some spirits serve as flavoring agents while
others have medicinal value. Reduction of the high alcoholic
content of spirits by admixture with aqueous preparations often
causes turbidity.

Spirits require storage in tight, light-resistant containers to
prevent loss by evaporation and to limit oxidative changes.

Tinctures

Tinctures are alcoholic or hydroalcoholic solutions prepared
from vegetable materials or from chemical substances.

The proportion of drug represented in the different chemical
tinctures is not uniform but varies according to the established
standards for each. Traditionally, tinctures of potent vegetable
drugs essentially represent the activity of 10 g of the drug in
each 100 mL of tincture, the potency being adjusted following
assay. Most other vegetable tinctures represent 20 g of the re-
spective vegetable material in each 100 mL of tincture.

Process P

Carefully mix the ground drug or mixture of drugs with a suf-
ficient quantity of the prescribed solvent or solvent mixture to
render it evenly and distinctly damp, allow it to stand for 15
minutes, transfer it to a suitable percolator, and pack the drug
firmly. Pour on enough of the prescribed solvent or solvent mix-
ture to saturate the drug, cover the top of the percolator, and,
when the liquid is about to drip from the percolator, close the
lower orifice and allow the drug to macerate for 24 hours or for
the time specified in the monograph. If no assay is directed, al-
low the percolation to proceed slowly, or at the specified rate,
gradually adding sufficient solvent or solvent mixture to pro-
duce 1000 mL of tincture, and mix (for definitions of flow rates,
see under Extracts and Fluidextracts). If an assay is directed, col-
lect only 950 mL of percolate, mix this, and assay a portion of it
as directed. Dilute the remainder with such quantity of the pre-

Pharmacopeial Forum
Vol. 36(6) [Nov.–Dec. 2010] IN-PROCESS REVISION 1731

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In-P
rocess

R
evision



scribed solvent or solvent mixture as calculation from the assay
indicates is necessary to produce a tincture that conforms to the
prescribed standard, and mix.

Process M

Macerate the drug with 750 mL of the prescribed solvent or
solvent mixture in a container that can be closed, and put in a
warm place. Agitate it frequently during 3 days or until the sol-
uble matter is dissolved. Transfer the mixture to a filter, and
when most of the liquid has drained away, wash the residue
on the filter with a sufficient quantity of the prescribed solvent
or solvent mixture, combining the filtrates, to produce 1000 mL
of tincture, and mix.

Tinctures require storage in tight, light-resistant containers,
away from direct sunlight and excessive heat.

Waters, Aromatic

Aromatic waters are clear, saturated aqueous solutions (un-
less otherwise specified) of volatile oils or other aromatic or vol-
atile substances. Their odors and tastes are similar, respectively,
to those of the drugs or volatile substances from which they are
prepared, and they are free from empyreumatic and other for-
eign odors. Aromatic waters may be prepared by distillation or
solution of the aromatic substance, with or without the use of a
dispersing agent.

Aromatic waters require protection from intense light and ex-
cessive heat.

SUPPOSITORIES

Suppositories are solid bodies of various weights and shapes,
adapted for introduction into the rectal, vaginal, or urethral or-
ifice of the human body. They usually melt, soften, or dissolve at
body temperature. A suppository may act as a protectant or
palliative to the local tissues at the point of introduction or as
a carrier of therapeutic agents for systemic or local action. Sup-
pository bases usually employed are cocoa butter, glycerinated
gelatin, hydrogenated vegetable oils, mixtures of polyethylene
glycols of various molecular weights, and fatty acid esters of
polyethylene glycol.

The suppository base employed has a marked influence on
the release of the active ingredient incorporated in it. While co-
coa butter melts quickly at body temperature, it is immiscible
with body fluids and this inhibits the diffusion of fat-soluble
drugs to the affected sites. Polyethylene glycol is a suitable base
for some antiseptics. In cases where systemic action is expected,
it is preferable to incorporate the ionized rather than the non-
ionized form of the drug, in order to maximize bioavailability.
Although nonionized drugs partition more readily out of water-
miscible bases such as glycerinated gelatin and polyethylene
glycol, the bases themselves tend to dissolve very slowly and
thus retard release in this manner. Oleaginous vehicles such
as cocoa butter are seldom used in vaginal preparations be-
cause of the nonabsorbable residue formed, while glycerinated
gelatin is seldom used rectally because of its slow dissolution.
Cocoa butter and its substitutes (Hard Fat) are superior for allay-
ing irritation, as in preparations intended for treating internal
hemorrhoids.

Cocoa Butter Suppositories

Suppositories having cocoa butter as the base may be made
by means of incorporating the finely divided medicinal sub-
stance into the solid oil at room temperature and suitably shap-
ing the resulting mass, or by working with the oil in the melted
state and allowing the resulting suspension to cool in molds. A
suitable quantity of hardening agents may be added to coun-
teract the tendency of some medicaments such as chloral hy-
drate and phenol to soften the base. It is important that the
finished suppository melt at body temperature.

The approximate weights of suppositories prepared with co-
coa butter are given below. Suppositories prepared from other
bases vary in weight and generally are heavier than the weights
indicated here.

Rectal Suppositories for adults are tapered at one or both ends
and usually weigh about 2 g each.

Vaginal Suppositories are usually globular or oviform and
weigh about 5 g each. They are made from water-soluble or wa-
ter-miscible vehicles such as polyethylene glycol or glycerinated
gelatin.

Suppositories with cocoa butter base require storage in well-
closed containers, preferably at a temperature below 308 (con-
trolled room temperature).

Cocoa Butter Substitutes

Fat-type suppository bases can be produced from a variety of
vegetable oils, such as coconut or palm kernel, which are mod-
ified by esterification, hydrogenation, and fractionation to ob-
tain products of varying composition and melting temperatures
(e.g., Hydrogenated Vegetable Oil and Hard Fat). These products
can be so designed as to reduce rancidity. At the same time,
desired characteristics such as narrow intervals between melt-
ing and solidification temperatures, and melting ranges to ac-
commodate various formulation and climatic conditions, can
be built in.

Glycerinated Gelatin Suppositories

Medicinal substances may be incorporated into glycerinated
gelatin bases by addition of the prescribed quantities to a vehi-
cle consisting of about 70 parts of glycerin, 20 parts of gelatin,
and 10 parts of water.

Glycerinated gelatin suppositories require storage in tight
containers, preferably at a temperature below 358.

Polyethylene Glycol–Base Suppositories

Several combinations of polyethylene glycols having melting
temperatures that are above body temperature have been used
as suppository bases. Inasmuch as release from these bases de-
pends on dissolution rather than on melting, there are signifi-
cantly fewer problems in preparation and storage than exist
with melting-type vehicles. However, high concentrations of
higher-molecular-weight polyethylene glycols may lengthen
dissolution time, resulting in problems with retention. Labels
on polyethylene glycol suppositories should contain directions
that they be moistened with water before inserting. Although
they can be stored without refrigeration, they should be pack-
aged in tightly closed containers.

Surfactant Suppository Bases

Several nonionic surface-active agents closely related chemi-
cally to the polyethylene glycols can be used as suppository ve-
hicles. Examples of such surfactants are polyoxyethylene
sorbitan fatty acid esters and the polyoxyethylene stearates.
These surfactants are used alone or in combination with other
suppository vehicles to yield a wide range of melting tempera-
tures and consistencies. One of the major advantages of such
vehicles is their water-dispersibility. However, care must be tak-
en with the use of surfactants, because they may either increase
the rate of drug absorption or interact with drug molecules,
causing a decrease in therapeutic activity.

Tableted Suppositories or Inserts

Vaginal suppositories occasionally are prepared by the com-
pression of powdered materials into a suitable shape. They are
prepared also by encapsulation in soft gelatin.
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SUSPENSIONS

Suspensions are liquid preparations that consist of solid par-
ticles dispersed throughout a liquid phase in which the particles
are not soluble. Dosage forms officially categorized as ‘‘Suspen-
sions’’ are designated as such if they are not included in other
more specific categories of suspensions, such as Oral Suspen-
sions, Topical Suspensions, etc. (see these other categories).
Some suspensions are prepared and ready for use, while others
are prepared as solid mixtures intended for constitution just be-
fore use with an appropriate vehicle. Such products are desig-
nated ‘‘for Oral Suspension’’, etc. The term ‘‘Milk’’ is sometimes
used for suspensions in aqueous vehicles intended for oral ad-
ministration (e.g., Milk of Magnesia). The term ‘‘Magma’’ is of-
ten used to describe suspensions of inorganic solids such as
clays in water, where there is a tendency for strong hydration
and aggregation of the solid, giving rise to gel-like consistency
and thixotropic rheological behavior (e.g., Bentonite Magma).
The term ‘‘Lotion’’ has been used to categorize many topical
suspensions and emulsions intended for application to the skin
(e.g., Calamine Lotion). Some suspensions are prepared in sterile
form and are used as Injectables, as well as for ophthalmic and
otic administration. These may be of two types, ready to use or
intended for constitution with a prescribed amount of Water for
Injection or other suitable diluent before use by the designated
route. Suspensions should not be injected intravenously or in-
trathecally.

Suspensions intended for any route of administration should
contain suitable antimicrobial agents to protect against bacte-
ria, yeast, and mold contamination (see Emulsions for some
consideration of antimicrobial preservative properties that ap-
ply also to Suspensions). By its very nature, the particular matter
in a suspension may settle or sediment to the bottom of the
container upon standing. Such sedimentation may also lead
to caking and solidification of the sediment with a resulting dif-
ficulty in redispersing the suspension upon agitation. To pre-
vent such problems, suitable ingredients that increase
viscosity and the gel state of the suspension, such as clays, sur-
factants, polyols, polymers, or sugars, should be added. It is im-
portant that suspensions always be shaken well before use to
ensure uniform distribution of the solid in the vehicle, thereby
ensuring uniform and proper dosage. Suspensions require stor-
age in tight containers.

Oral Suspensions

Oral Suspensions are liquid preparations containing solid par-
ticles dispersed in a liquid vehicle, with suitable flavoring
agents, intended for oral administration. Some suspensions la-
beled as ‘‘Milks’’ or ‘‘Magmas’’ fall into this category.

Topical Suspensions

Topical Suspensions are liquid preparations containing solid
particles dispersed in a liquid vehicle, intended for application
to the skin. Some suspensions labeled as ‘‘Lotions’’ fall into this
category.

Otic Suspensions

Otic Suspensions are liquid preparations containing micron-
ized particles intended for instillation in the outer ear.

Ophthalmic Suspensions

See Ophthalmic Preparations.

SYRUPS

See Oral Solutions.

SYSTEMS

In recent years, a number of dosage forms have been devel-
oped using modern technology that allows for the uniform re-
lease or targeting of drugs to the body. These products are
commonly called delivery systems. The most widely used of
these are Transdermal Systems.

Transdermal Systems

Transdermal drug delivery systems are self-contained, dis-
crete dosage forms that, when applied to intact skin, are de-
signed to deliver the drug(s) through the skin to the systemic
circulation. Systems typically comprise an outer covering (bar-
rier), a drug reservoir, which may have a rate-controlling
membrane, a contact adhesive applied to some or all parts of
the system and the system/skin interface, and a protective liner
that is removed before applying the system. The activity of
these systems is defined in terms of the release rate of the
drug(s) from the system. The total duration of drug release from
the system and the system surface area may also be stated.

Transdermal drug delivery systems work by diffusion: the
drug diffuses from the drug reservoir, directly or through the
rate-controlling membrane and/or contact adhesive if present,
and then through the skin into the general circulation. Typical-
ly, modified-release systems are designed to provide drug deliv-
ery at a constant rate, such that a true steady-state blood
concentration is achieved and maintained until the system is re-
moved. At that time, blood concentration declines at a rate
consistent with the pharmacokinetics of the drug.

Transdermal drug delivery systems are applied to body areas
consistent with the labeling for the product(s). As long as drug
concentration at the system/skin interface remains constant,
the amount of drug in the dosage form does not influence plas-
ma concentrations. The functional lifetime of the system is de-
fined by the initial amount of drug in the reservoir and the
release rate from the reservoir.

NOTE—Drugs for local rather than systemic effect are com-
monly applied to the skin embedded in glue on a cloth or plas-
tic backing. These products are defined traditionally as plasters
or tapes.

Ocular System

Another type of system is the ocular system, which is intend-
ed for placement in the lower conjunctival fornix from which
the drug diffuses through a membrane at a constant rate
(e.g., Pilocarpine Ocular System).

Intrauterine System

An intrauterine system, based on a similar principle but in-
tended for release of drug over a much longer period of time,
e.g., one year, is also available (e.g., Progesterone Intrauterine
Contraceptive System).

TABLETS

Tablets are solid dosage forms containing medicinal sub-
stances with or without suitable diluents. They may be classed,
according to the method of manufacture, as compressed tab-
lets or molded tablets.

The vast majority of all tablets manufactured are made by
compression, and compressed tablets are the most widely used
dosage form in this country. Compressed tablets are prepared
by the application of high pressures, utilizing steel punches and
dies, to powders or granulations. Tablets can be produced in a
wide variety of sizes, shapes, and surface markings, depending
upon the design of the punches and dies. Capsule-shaped tab-
lets are commonly referred to as caplets. Boluses are large tab-
lets intended for veterinary use, usually for large animals.
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Molded tablets are prepared by forcing dampened powders
under low pressure into die cavities. Solidification depends up-
on crystal bridges built up during the subsequent drying pro-
cess, and not upon the compaction force.

Tablet triturates are small, usually cylindrical, molded or com-
pressed tablets. Tablet triturates were traditionally used as dis-
pensing tablets in order to provide a convenient, measured
quantity of a potent drug for compounding purposes. Such
tablets are rarely used today. Hypodermic tablets are molded
tablets made from completely and readily water-soluble in-
gredients and formerly were intended for use in making pre-
parations for hypodermic injection. They are employed orally,
or where rapid drug availability is required such as in the case
of Nitroglycerin Tablets, sublingually.

Buccal tablets are intended to be inserted in the buccal
pouch, and sublingual tablets are intended to be inserted be-
neath the tongue, where the active ingredient is absorbed di-
rectly through the oral mucosa. Few drugs are readily absorbed
in this way, but for those that are (such as nitroglycerin and cer-
tain steroid hormones), a number of advantages may result.

Soluble, effervescent tablets are prepared by compression
and contain, in addition to active ingredients, mixtures of acids
(citric acid, tartaric acid) and sodium bicarbonate, which re-
lease carbon dioxide when dissolved in water. They are intend-
ed to be dissolved or dispersed in water before administration.
Effervescent tablets should be stored in tightly closed con-
tainers or moisture-proof packs and labeled to indicate that
they are not to be swallowed directly.

Chewable Tablets

Chewable tablets are formulated and manufactured so that
they may be chewed, producing a pleasant tasting residue in
the oral cavity that is easily swallowed and does not leave a bit-
ter or unpleasant aftertaste. These tablets have been used in
tablet formulations for children, especially multivitamin formu-
lations, and for the administration of antacids and selected an-
tibiotics. Chewable tablets are prepared by compression,
usually utilizing mannitol, sorbitol, or sucrose as binders and fil-
lers, and containing colors and flavors to enhance their appear-
ance and taste.

Preparation of Molded Tablets

Molded tablets are prepared from mixtures of medicinal sub-
stances and a diluent usually consisting of lactose and pow-
dered sucrose in varying proportions. The powders are
dampened with solutions containing high percentages of alco-
hol. The concentration of alcohol depends upon the solubility
of the active ingredients and fillers in the solvent system and the
desired degree of hardness of the finished tablets. The damp-
ened powders are pressed into molds, removed, and allowed
to dry. Molded tablets are quite friable and care must be taken
in packaging and dispensing.

Formulation of Compressed Tablets

Most compressed tablets consist of the active ingredient and
a diluent (filler), binder, disintegrating agent, and lubricant. Ap-
proved FD&C and D&C dyes or lakes (dyes adsorbed onto in-
soluble aluminum hydroxide), flavors, and sweetening agents
may also be present. Diluents are added where the quantity
of active ingredient is small or difficult to compress. Common
tablet fillers include lactose, starch, dibasic calcium phosphate,
and microcrystalline cellulose. Chewable tablets often contain
sucrose, mannitol, or sorbitol as a filler. Where the amount of
active ingredient is small, the overall tableting properties are
in large measure determined by the filler. Because of problems
encountered with bioavailability of hydrophobic drugs of low
water-solubility, water-soluble diluents are used as fillers for
these tablets.

Binders give adhesiveness to the powder during the prelimi-
nary granulation and to the compressed tablet. They add to the
cohesive strength already available in the diluent. While binders
may be added dry, they are more effective when added out of
solution. Common binders include acacia, gelatin, sucrose, po-
vidone, methylcellulose, carboxymethylcellulose, and hydro-
lyzed starch pastes. The most effective dry binder is
microcrystalline cellulose, which is commonly used for this pur-
pose in tablets prepared by direct compression.

A disintegrating agent serves to assist in the fragmentation of
the tablet after administration. The most widely used tablet dis-
integrating agent is starch. Chemically modified starches and
cellulose, alginic acid, microcrystalline cellulose, and cross-
linked povidone, are also used for this purpose. Effervescent
mixtures are used in soluble tablet systems as disintegrating
agents. The concentration of the disintegrating agent, method
of addition, and degree of compaction play a role in effective-
ness.

Lubricants reduce friction during the compression and ejec-
tion cycle. In addition, they aid in preventing adherence of tab-
let material to the dies and punches. Metallic stearates, stearic
acid, hydrogenated vegetable oils, and talc are used as lubri-
cants. Because of the nature of this function, most lubricants
are hydrophobic, and as such tend to reduce the rates of tablet
disintegration and dissolution. Consequently, excessive con-
centrations of lubricant should be avoided. Polyethylene glycols
and some lauryl sulfate salts have been used as soluble lubri-
cants, but such agents generally do not possess optimal lubri-
cating properties, and comparatively high concentrations are
usually required.

Glidants are agents that improve powder fluidity, and they
are commonly employed in direct compression where no gran-
ulation step is involved. The most effective glidants are the col-
loidal pyrogenic silicas.

Colorants are often added to tablet formulations for esthetic
value or for product identification. Both D&C and FD&C dyes
and lakes are used. Most dyes are photosensitive and they fade
when exposed to light. The federal Food and Drug Administra-
tion regulates the colorants employed in drugs.

Manufacturing Methods

Tablets are prepared by three general methods: wet granula-
tion, dry granulation (roll compaction or slugging), and direct
compression. The purpose of both wet and dry granulation is to
improve flow of the mixture and/or to enhance its compressi-
bility.

Dry granulation (slugging) involves the compaction of pow-
ders at high pressures into large, often poorly formed tablet
compacts. These compacts are then milled and screened to
form a granulation of the desired particle size. The advantage
of dry granulation is the elimination of both heat and moisture
in the processing. Dry granulations can be produced also by ex-
truding powders between hydraulically operated rollers to pro-
duce thin cakes which are subsequently screened or milled to
give the desired granule size.

Excipients are available that allow production of tablets at
high speeds without prior granulation steps. These directly
compressible excipients consist of special physical forms of sub-
stances such as lactose, sucrose, dextrose, or cellulose, which
possess the desirable properties of fluidity and compressibility.
The most widely used direct-compaction fillers are microcrystal-
line cellulose, anhydrous lactose, spray-dried lactose, compress-
ible sucrose, and some forms of modified starches. Direct
compression avoids many of the problems associated with
wet and dry granulations. However, the inherent physical pro-
perties of the individual filler materials are highly critical, and
minor variations can alter flow and compression characteristics
so as to make them unsuitable for direct compression.
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Physical evidence of poor tablet quality is discussed under
Stability Considerations in Dispensing Practice h1191i.

Weight Variation and Content Uniformity

Tablets are required to meet a weight variation test (see Uni-
formity of Dosage Units h905i) where the active ingredient com-
prises a major portion of the tablet and where control of weight
may be presumed to be an adequate control of drug content
uniformity. Weight variation is not an adequate indication of
content uniformity where the drug substance comprises a rela-
tively minor portion of the tablet, or where the tablet is sugar-
coated. Thus, the Pharmacopeia generally requires that coated
tablets and tablets containing 50 mg or less of active ingredi-
ent, comprising less than 50% by weight of the dosage-form
unit, pass a content uniformity test (see Uniformity of Dosage
Units h905i), wherein individual tablets are assayed for actual
drug content.

Disintegration and Dissolution

Disintegration is an essential attribute of tablets intended for
administration by mouth, except for those intended to be
chewed before being swallowed and for some types of extend-
ed-release tablets. A disintegration test is provided (see Disinte-
gration h701i), and limits on the times in which disintegration is
to take place, appropriate for the types of tablets concerned,
are given in the individual monographs.

For drugs of limited water-solubility, dissolution may be a
more meaningful quality attribute than disintegration. A disso-
lution test (see Dissolution h711i) is required in a number of
monographs on tablets. In many cases, it is possible to correlate
dissolution rates with biological availability of the active ingre-
dient. However, such tests are useful mainly as a means of
screening preliminary formulations and as a routine quality-
control procedure.

Coatings

Tablets may be coated for a variety of reasons, including pro-
tection of the ingredients from air, moisture, or light, masking
of unpleasant tastes and odors, improvement of appearance,
and control of the site of drug release in the gastrointestinal
tract.

Plain Coated Tablets

Classically, tablets have been coated with sugar applied from
aqueous suspensions containing insoluble powders such as
starch, calcium carbonate, talc, or titanium dioxide, suspended
by means of acacia or gelatin. For purposes of identification and
esthetic value, the outside coatings may be colored. The fin-
ished coated tablets are polished by application of dilute solu-
tions of wax in solvents such as chloroform or powdered mix.
Water-protective coatings consisting of substances such as shel-
lac or cellulose acetate phthalate are often applied out of non-
aqueous solvents prior to application of sugar coats. Excessive
quantities should be avoided. Drawbacks of sugar coating in-
clude the lengthy time necessary for application, the need for
waterproofing, which also adversely affects dissolution, and the
increased bulk of the finished tablet. These factors have resulted
in increased acceptance of film coatings. Film coatings consist
of water-soluble or dispersible materials such as hydroxypropyl
methylcellulose, methylcellulose, hydroxypropylcellulose, car-
boxymethylcellulose sodium, and mixtures of cellulose acetate
phthalate and polyethylene glycols applied out of nonaqueous
or aqueous solvents. Evaporation of the solvents leaves a thin
film that adheres directly to the tablet and allows it to retain
the original shape, including grooves or identification codes.

Delayed-Release Tablets

Where the drug may be destroyed or inactivated by the gas-
tric juice or where it may irritate the gastric mucosa, the use of
‘‘enteric’’ coatings is indicated. Such coatings are intended to
delay the release of the medication until the tablet has passed
through the stomach. The term ‘‘delayed-release’’ is used for
Pharmacopeial purposes, and the individual monographs in-
clude tests and specifications for Drug release (see Drug Release
h724i) or Disintegration (see Disintegration h701i).

Extended-Release Tablets

Extended-release tablets are formulated in such manner as to
make the contained medicament available over an extended
period of time following ingestion. Expressions such as ‘‘pro-
longed-action,’’ ‘‘repeat-action,’’ and ‘‘sustained-release’’ have
also been used to describe such dosage forms. However, the
term ‘‘extended-release’’ is used for Pharmacopeial purposes,
and requirements for Drug release typically are specified in the
individual monographs.

~GENERAL CONSIDERATIONS

This chapter provides general descriptions of and def-

initions for drug products, or dosage forms, commonly

used to administer the active pharmaceutical ingredient

(API). It discusses general principles involved in the man-

ufacture or compounding of these dosage forms and re-

commendations for proper use and storage. A glossary is

provided as a resource on nomenclature.

A dosage form is a combination of API and excipients

to facilitate dosing, administration, and delivery of the

medicine to the patient. The design and testing of all

dosage forms target drug product quality.1 A testing pro-

tocol must consider not only the physical, chemical, and

biological properties of the dosage form as appropriate,

1 In the United States a drug with a name recognized in USP–
NFmust comply with compendial identity standards or be
deemed adulterated, misbranded, or both. To avoid being
deemed adulterated such drugs also must comply with com-
pendial standards for strength, quality, or purity, unless labeled
to show all respects in which the drug differs. See the Federal
Food, Drug, and Cosmetic Act (FDCA), Sections 501(b) and
502(e)(3)(b), and Food and Drug Administration (FDA) regu-
lations at 21 CFR 299.5. In addition, to avoid being deemed
misbranded, drugs recognized in USP–NF also must comply
with compendial standards for packing and labeling, FDCA Sec-
tion 502(g). ‘‘Quality’’ is used herein as suitable shorthand for
all such compendial requirements. This approach also is consis-
tent with U.S. and FDA participation in the International Con-
ference on Harmonization (ICH). The ICH guideline on
specifications, Q6A, notes that ‘‘specifications are chosen to
confirm the quality of the drug substance and drug product. . .’’
and defines ‘‘quality’’ as ‘‘The suitability of either a drug sub-
stance or drug product for its intended use. This term includes
such attributes as identity, strength, and purity.’’
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but also the administration route and desired dosing re-

gimen. The interrelationships of dosage forms and routes

of administration have been summarized in the compen-

dial taxonomy for pharmaceutical dosage forms (see Fig-

ure 1).2 The organization of this general information

chapter is by the physical attributes of each particular

dosage form (Tier Two), generally without specific refer-

ence to route of administration. Information specific to

route of administration is given when needed.

Tests to ensure compliance with pharmacopeial stan-

dards for dosage form performance fall into one of the

following areas.

Dose Uniformity (see also Uniformity of Dosage Units

h905i)—Consistency in dosing for a patient or consumer

requires that the variation in the API content of each dos-

age unit be accurately controlled throughout the manu-

factured batch or compounded lot of drug product.

Uniformity of dosage units typically is demonstrated by

one of two procedures: content uniformity or weight var-

iation. The procedure for content uniformity requires the

assay of API content of individual units and that for

weight variation uses the weight of the individual units

to estimate their content. Weight variation may be used

where the underlying distribution of API in the blend is

presumed to be uniform and well-controlled, as in solu-

tions. In such cases the content of API may be adequately

estimated by the net weight. Content uniformity does

not rely on the assumption of blend uniformity and can

be applied in all cases. Tablets and capsules are assigned

a limit below which the weight variation procedure is not

applicable. Successful development and manufacture of

dosage forms requires careful evaluation of API particle or

droplet size, incorporation techniques, and excipient

properties.

Stability (see also Pharmaceutical Stability h1150i)—

Drug product stability involves the evaluation of chemi-

cal stability, physical stability, and performance over

time. The chemical stability of the API in the dose form

matrix must support the expiration dating for the com-

mercially prepared dosage forms and a beyond-use date

for a compounded dosage form. Test procedures for po-

tency must be stability indicating (see Validation of Com-

pendial Procedures h1225i). Degradation products should

2 Marshall K, Foster TS, Carlin HS, Williams RL. Development of
a compendial taxonomy and glossary for pharmaceutical dos-
age forms. Pharm Forum. 2003;29(5):1742–1752.
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be quantified. In the case of dispersed or emulsified sys-

tems, consideration must be given to the potential for

settling or separation of the formulation components.

Any physical changes to the dosage form must be easily

reversed (e.g., by shaking) prior to dosing or administra-

tion. In vitro release test procedures such as dissolution

and disintegration provide a measure of continuing con-

sistency in performance over time (see Dissolution h711i,

Disintegration h701i, and Drug Release h724i).

Bioavailability (see also In Vitro and In Vivo Evaluation

of Dosage Forms h1088i, and Assessment of Drug Product

Performance—Bioavailability, Bioequivalence, and Dissolu-

tion h1090i)—Bioavailability is influenced by factors such

as the method of manufacture or compounding, particle

size, crystal form (polymorph) of the API, the properties

of the excipients used to formulate the dosage form, and

physical changes as the drug product ages. Assurance of

consistency in bioavailability over time (bioequivalence)

requires close attention to all aspects of the production

(or compounding) and testing of the dosage form. In vi-

tro release (disintegration and dissolution) testing is

commonly used as a surrogate to demonstrate consistent

availability of the API from the formulated dosage.

Manufacture—Although detailed instructions about

the manufacture of any of these dosage forms are be-

yond the scope of this general information chapter, gen-

eral manufacturing principles have been included, as well

as suggested testing for proper use and storage. Further

information relative to extemporaneous compounding

of dosage forms can be found in Pharmaceutical Com-

pounding—Nonsterile Preparations h795i and Pharmaceu-

tical Compounding—Sterile Preparations h797i.

Route of Administration—The primary routes of

administration for pharmaceutical dosage forms can be

defined as mucosal, gastro intestinal, parenteral (by in-

jection), inhalation, and topical/dermal, and each has

subcategories as needed. Many tests employed to ensure

quality generally are applied across all of the administra-

tion routes, but some tests are specific for individual

routes. For example, products intended for injection

must be evaluated for Sterility h71i and Pyrogen Test

h151i, and the manufacturing process (and sterilization

technique) employed for parenterals (by injection)

should ensure compliance with these tests. Tests for par-

ticulate matter may be required for solution dosage

forms depending on the route of administration (e.g.,

by injection—Particulate Matter in Injections h788i, or

mucosal—Particulate Matter in Ophthalmic Solutions

h789i). Additionally, dosage forms intended for the inha-

lation route of administration must be monitored for par-

ticle size and spray pattern (for a metered-dose inhaler or

dry-powder inhaler) and droplet size (for nasal sprays).

Further information regarding administration routes

and suggested testing can be found in the Guide to Gen-

eral Chapters, Charts 4–8 and 10–13.

An appropriate manufacturing process and testing re-

gimen help ensure that a dosage form can meet the ap-

propriate quality attributes for the intended route of

administration.

Excess Volume in Injections—Each container of an

Injection is filled with a volume in slight excess of the la-

beled ‘‘size’’ or the volume that is to be withdrawn. The

excess volumes recommended in the accompanying ta-

ble are usually sufficient to permit withdrawal and ad-

ministration of the labeled volumes.

Recommended Excess Volume

Labeled Size

For Mobile

Liquids

For Viscous

Liquids

0.5 mL 0.10 mL 0.12 mL

1.0 mL 0.10 mL 0.15 mL

2.0 mL 0.15 mL 0.25 mL

5.0 mL 0.30 mL 0.50 mL

10.0 mL 0.50 mL 0.70 mL

20.0 mL 0.60 mL 0.90 mL
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Recommended Excess Volume

Labeled Size

For Mobile

Liquids

For Viscous

Liquids

30.0 mL 0.80 mL 1.20 mL

50.0 mL or more 2% 3%

Labeling Statements—Some dosage forms or arti-

cles have mandatory labeling statements that are given

in the Code of Federal Regulations (e.g., 21 CFR

201.320 and 21 CFR 369.21). The text of 21 CFR should

be consulted to determine the current recommenda-

tions.

PRODUCT QUALITY TESTS, GENERAL

ICH Guidance Q6A (available at www.ich.org) recom-

mends specifications (list of tests, references to analytical

procedures, and acceptance criteria) to ensure that com-

mercialized drug products are safe and effective at the

time of release and over their shelf life. Tests that are uni-

versally applied to ensure safety and efficacy (and

strength, quality, and purity) include description, identi-

fication, assay, and impurities.

Description—According to the ICH guidance a qual-

itative description (size, shape, color, etc.) of the dosage

form should be provided. The acceptance criteria should

include the final acceptable appearance. If any of these

characteristics change during manufacturing or storage,

a quantitative procedure may be appropriate. It specifies

the content or the label claim of the article. This param-

eter is not part of the USP dosage form monograph be-

cause it is product specific. USP monographs define the

product by specifying the range of acceptable assayed

content of the API(s) present in the dosage form, togeth-

er with any additional information about the presence or

absence of other components, excipients, or adjuvants.

Identification—Identification tests are discussed in

the General Notices and Requirements. Identification tests

should establish the identity of the API(s) present in the

drug product and should discriminate between com-

pounds of closely related structure that are likely to be

present. Identification tests should be specific for the

API(s). The most conclusive test for identity is the infrared

absorption spectrum (see Spectrophotometry and Light-

Scattering h851i and Spectrophotometric Identification

Tests h197i). If no suitable infrared spectrum can be ob-

tained, other analytical methods can be used. Near-infra-

red (NIR) or Raman spectrophotometric methods also

could be acceptable as the sole identification method

of the drug product formulation (see Near-Infrared Spec-

trophotometry h1119i and Raman Spectroscopy h1120i).

Identification by a chromatographic retention time from

a single procedure is not regarded as specific. The use of

retention times from two chromatographic procedures

for which the separation is based on different principles

or a combination of tests in a single procedure can be ac-

ceptable (see Chromatography h621i and Thin-Layer

Chromatographic Identification Test h201i).

Assay—A specific and stability-indicating test should

be used to determine the strength (API content) of the

drug product. Some examples of these procedures are

Antibiotics—Microbial Assays h81i, Chromatography

h621i, or Assay for Steroids h351i. In cases when the use

of a nonspecific assay is justified, e.g., Titrimetry h541i,

other supporting analytical procedures should be used

to achieve specificity. When evidence of excipient inter-

ference with a nonspecific assay exists, a procedure with

demonstrated specificity should be used.

Impurities—Process impurities, synthetic by-prod-

ucts, and other inorganic and organic impurities may

be present in the API and excipients used in the manufac-

ture of the drug product. These impurities are evaluated

by tests in API and excipients monographs. Impurities

Pharmacopeial Forum
1738 IN-PROCESS REVISION Vol. 36(6) [Nov.–Dec. 2010]

#2010 The United States Pharmacopeial Convention All Rights Reserved.

In
-P

ro
ce

ss
R

ev
is

io
n



arising from degradation of the drug substance or from

the drug-product manufacturing process should be

monitored. Residual Solvents h467i is applied to all prod-

ucts where relevant.

In some cases, testing for heavy metal impurities is ap-

propriate. Heavy Metals h231i provides the current pro-

cedures and criteria.

In addition to the universal tests listed above, the fol-

lowing tests may be considered on a case-by-case basis.

Physicochemical Properties—Examples include pH

h791i, Viscosity h911i, and Specific Gravity h841i.

Particle Size—For some dosage forms, particle size

can have a significant effect on dissolution rates, bioavail-

ability, therapeutic outcome, and stability. Procedures

such as Aerosols, Nasal Sprays, Metered-Dose Inhalers,

and Dry Powder Inhalers h601i and Particle Size Distribu-

tion Estimation by Analytical Sieving h786i could be used.

Uniformity of Dosage Units—See discussion of

dose uniformity above.

Water Content—A test for water content is included

when appropriate (see Water Determination h921i).

Microbial Limits—The type of microbial test(s) and

acceptance criteria are based on the nature of the drug

substance, method of manufacture, and the route of ad-

ministration (see Microbiological Examination of Nonsterile

Products: Microbial Enumeration Tests h61i and Microbio-

logical Examination of Nonsterile Products: Tests for Speci-

fied Microorganisms h62i).

Antimicrobial Preservative Content—Accep-

tance criteria for preservative content in multidose prod-

ucts should be established. They are based on the levels

of antimicrobial preservative necessary to maintain the

product’s microbiological quality at all stages through-

out its proposed usage and shelf life (see Antimicrobial Ef-

fectiveness Testing h51i).

Antioxidant Preservative Content—If antioxidant

preservatives are present in the drug product, tests of

their content should be performed.

Sterility—Depending on the route of administra-

tion—e.g., ophthalmic preparations, implants, aque-

ous-based preparations for oral inhalation, and

solutions for injection—sterility of the product is demon-

strated as appropriate (see Sterility Tests h71i).

Dissolution—A test to measure release of the API(s)

from the drug product normally is included for dosage

forms such as tablets, capsules, suspensions, granules

for suspensions, implants, transdermal delivery systems,

and medicated chewing gums. Single-point measure-

ments typically are used for immediate-release dosage

forms. For modified-release dosage forms, appropriate

test conditions and sampling procedures are established

as needed (see Dissolution h711i and Drug Release h724i).

In some cases, dissolution testing may be replaced by dis-

integration testing (see Disintegration h701i).

Breaking Force and Friability—These parameters

are evaluated as in-process controls. Acceptance criteria

depend on packaging, supply chain, and intended use

(see Tablet Friability h1216i and Tablet Breaking Force

h1217i).

Extractables—When evidence exists that extracta-

bles from the container-closure systems (e.g., rubber

stopper, cap liner, or plastic bottle) have an impact on

the safety or efficacy of the drug product, a test is includ-

ed to evaluate the presence of extractables and leach-

ables.

Depending on the type and composition of the dosage

form, other tests such as alcohol content, redispersibility,

particle size distribution, rheological properties, reconsti-

tution time, endotoxins/pyrogens, particulate matter,

functionality testing of delivery systems, and osmolarity

may be necessary.
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DOSAGE FORMS

Aerosols

Aerosols are preparations packaged under pressure

and contain therapeutic agent(s) and a propellant that

are released upon actuation of an appropriate valve sys-

tem. Upon activation of the valve system, the API is re-

leased as a plume of fine particles or droplets. Only one

dose is released from the preparation upon activation of

a metered valve. In the case of topical products and de-

pending on the nature of the API and the conditions be-

ing treated, activation of the valve results in a continuous

release of the formulation.

Aerosols are preparations packaged under pressure

and contain therapeutic agent(s) and a propellant that

are released upon actuation of an appropriate valve sys-

tem. Upon actuation of the valve system, the API is re-

leased as a plume of fine particles or droplets. Only one

dose is released from the preparation upon actuation of a

metered valve. In the case of topical products and de-

pending on the nature of the API and the conditions be-

ing treated, actuation of the valve may result in a

metered release of a controlled amount of the formula-

tion or the continuous release of the formulation as long

as the valve is depressed.

In this chapter, the aerosol dosage form refers only to

those products packaged under pressure that release a

fine mist of particles or droplets when activated actuated

(see Glossary). Other products that produce dispersions

of fine droplets or particles will be covered in subsequent

sections (e.g., Dry Powder Inhalers and Sprays).

TYPICAL COMPONENTS

Typical components of aerosols are the formulation

containing one or more API(s) and propellant, the con-

tainer, the valve, and the actuator. Each component

plays a role in determining various characteristics of the

emitted plume, such as droplet or particle size distribu-

tion, uniformity of delivery of the therapeutic agent, de-

livery rate, and plume velocity and geometry. The

metering valve and actuator act in tandem to generate

the plume of droplets or particles. The metering valve al-

lows measure of an accurate volume of the liquid formu-

lation under pressure within the container. The activator

directs the metered volume to a small orifice that is open

to the atmosphere. Upon activation, the formulation is

forced through the opening, forming the fine mist of par-

ticles that are directed to the site of administration. The

actuator directs the metered volume to a small orifice

that is open to the atmosphere. Upon actuation, the for-

mulation is forced through the opening, forming the fine

mist of particles that are directed to the site of adminis-

tration.

Aerosol preparations may consist of either a two-phase

(gas and liquid) or a three-phase (gas, liquid, and solid or

liquid) formulation. The two-phase formulation consists

of API(s) dissolved in liquefied propellant. Liquid co-sol-

vents, such as alcohol, propylene glycol, and polyethy-

lene glycols often are added to enhance the solubility

of the API(s). Three-phase inhalation and nasal aerosol

systems consist of a suspension or emulsion of the API(s)

in addition to the vaporizable propellants. The suspen-

sion or emulsion of the finely divided API typically is dis-

persed in the liquid propellant with the aid of suitable

biocompatible surfactants or other excipients.

Propellants for aerosol formulations are typically low

molecular weight hydrofluorocarbons or hydrocarbons

that are liquid when constrained in the container, exhibit

a suitable vapor pressure at room temperature, and are

biocompatible and nonirritating. Compressed gases do

not supply a constant pressure over use and typically

are not employed as propellants.

Metal containers can withstand the vapor pressure

produced by the propellant and reduce the opportunity

that leachable components will enter the formulation.
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Excess formulation may be added to the container to en-

sure that the full number of labeled doses can be ac-

curately administered. The container and closure must

be able to withstand the pressures anticipated under nor-

mal use conditions as well as when the system is exposed

to elevated temperatures.

TYPES OF AEROSOL DOSAGE FORMS

Aerosol dosage forms can be delivered via various

routes. The design of the container and metering valve,

as well as the formulation, are designed to target the site

of administration.

Inhalation aerosols are intended to produce fine parti-

cles or droplets for inhalation through the mouth and de-

position in the pulmonary tree. The design of the delivery

system releases one dose with each actuation. These

products are commonly known as metered-dose inhal-

ers.

Nasal aerosols produce fine particles or droplets for in-

halation through the nasal vestibule and deposition in

the nasal cavity. One dose is released with each activation

actuation of the valve.

Lingual aerosols are intended to produce fine particles

or droplets for deposition in the mouth on the surface of

the tongue. The design of the delivery system releases

one dose with each actuation.

Topical aerosols produce fine particles or droplets for

application to the skin. Formulations that are intended

for inhalation, nasal, or lingual administration are typical-

ly aqueous based, but topical aerosols may utilize nonaq-

ueous solvents to achieve rapid drying or disinfectant

action for abraded skin surfaces.

Formulations that are intended for inhalation, nasal, or

lingual administration are typically aqueous based, but

topical aerosols may utilize nonaqueous solvents to

achieve rapid drying or disinfectant action for abraded

skin surfaces.

PACKAGING

The accuracy of a system’s delivered dose is demon-

strated at the range of pressures likely to be encountered

as a result of ambient temperature variations or storage

in a refrigerator. As an alternative, the system should in-

clude clear instructions for use to ensure the container

and contents have been equilibrated to room tempera-

ture prior to use.

LABELING FOR PROPER USE

Typical warning statements include:

� Contents under pressure. Do not puncture or incin-

erate container.

� Do not expose to heat or store at temperatures

above 498.

� Keep out of reach of children unless otherwise pre-

scribed.

� Use only as directed; intentional misuse by deliberate

concentration and inhaling of the contents can be

harmful or fatal.

Refer to 21 CFR 201.320 and 21 CFR 369.21.

Many experts recommend the addition of a statement

indicating that patients and/or consumers should seek

advice and instruction from a health care professional

about the proper use of the device.

Capsules

Capsules are solid dosage forms in which the API and

excipients are enclosed within a soluble container or

shell. The shells may be composed of two pieces, a body

and a cap, or they may be composed of a single piece.

Two-piece capsules are commonly referred to as hard-

shell capsules, and one-piece capsules are often referred

to as soft-shell capsules. This distinction, although it is
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imprecise, reflects differing levels of plasticizers in the

two compositions and the fact that one-piece capsules

typically are more pliable than two-piece capsules.

The shells of capsules usually are made from gelatin.

However, they also may be made from cellulose polymers

or other suitable material. Most capsules are designed for

oral administration. When no deliberate effort has been

made to modify the API release rate, capsules are referred

to as immediate-release.

Two-Piece or Hard-Shell Capsules—Two-piece

capsules consist of two telescoping cap and body pieces

in a range of standard sizes.

One-Piece or Soft-Shell Capsules—One-piece cap-

sules typically are used to deliver an API as a solution or

suspension. Liquid formulations placed into one-piece

capsules may offer advantages by comparison with dry-

filled capsules and tablets in achieving content uniformi-

ty of potent APIs or acceptable dissolution of APIs with

poor aqueous solubility. Because the contact between

the shell wall and its liquid contents is more intimate than

in dry-filled capsules, undesired interactions may be

more likely to occur (including gelatin crosslinking and

pellicle formation).

Modified-Release Capsules—The release of APIs

from capsules can be modified in several ways, including

coating the filled capsule shells or the contents in the

case of dry-filled capsules. The release of APIs from cap-

sules can be modified in several ways. There are two cat-

egories of modified-release capsule formulations

recognized by the Pharmacopeia, Delayed-Release and

Extended-Release.

Delayed-Release Capsules—Capsules sometimes

are formulated to include enteric-coated granules to pro-

tect acid-labile APIs from the gastric environment or to

prevent adverse events such as irritation. Enteric-coated

multiparticulate capsule dosage forms may reduce vari-

ability in bioavailability associated with gastric emptying

times for larger particles (i.e., tablets) and to minimize

the likelihood of a therapeutic failure when coating de-

fects occur during manufacturing.

Extended-Release Capsules—Extended-release

capsules are formulated in such a manner as to make

the contained API available over an extended period of

time following ingestion. Expressions such as "pro-

longed-action", "repeat-action", "controlled-release",

and "sustained-release" have also been used to describe

such dosage forms. However, the term, extended-re-

lease, is used for Pharmacopeial purposes. Requirements

for dissolution (see Dissolution h711i) typically are speci-

fied in the individual monograph.

Methods for modifying API release from capsules in-

clude coating the filled capsule shells or the contents in

the case of dry-filled capsules.

PREPARATION

Two-Piece Capsules—Two-piece gelatin capsules us-

ually are formed from blends of gelatins that have rela-

tively high gel strength in order to optimize shell clarity

and toughness or from hypromellose. They also may

contain colorants such as D&C and FD&C dyes3 or vari-

ous iron oxides, opaquing agents such as titanium diox-

ide, dispersing agents, and preservatives. Gelatin capsule

shells normally contain between 12% and 16% water.

3 In 1960 Congress enacted the Color Additive Amendments,
requiring FDA to regulate dyes, pigments, or other coloring
agents in foods, drugs, and cosmetics separately from food ad-
ditives. Under the law, color additives are deemed unsafe unless
they are used in compliance with FDA regulations. The law pro-
vides a framework for the listing and certification of color addi-
tives. See FDCA section 721; see FDA regulations at 21 CFR Part
70. Colors must also be listed in pertinent FDA regulations for
specific uses; the list of color additives for drugs that are exempt
from certification is published at 21 CFR Part 73, Subpart B. FDA
also conducts a certification program for batches of color addi-
tives that are required to be certified before sale; see 21 CFR Part
74 (Subpart B re: drugs). Regulations regarding certification
procedures, general specifications, and the listing of certified
provisionally listed colors, are at 21 CFR Part 80. FDA maintains
a color additives website, with links to various legal an-
dregulatory resources, at: http: / / www.cfsan.fda.gov /
~dms /col-toc.html
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The shells are manufactured in one set of operations

and later filled in a separate manufacturing process.

Two-piece shell capsules are made by a process that in-

volves dipping shaped pins into gelatin or hypromellose

solutions, followed by drying, cutting, and joining steps.

Powder formulations for two-piece gelatin capsules

generally consist of the API and at least one excipient.

Both the formulation and the method of filling can affect

release of the API. In the filling operation, the body and

cap of the shell are separated before filling. Following the

filling operation, the machinery rejoins the body and cap

and ensures satisfactory closure of the capsule by exert-

ing appropriate force on the two pieces. The joined cap-

sules can be sealed after filling by a band at the joint of

the body and cap or by other suitable means. In com-

pounding prescription practice, two-piece capsules

may be hand-filled. This permits the prescriber the

choice of selecting either a single API or a combination

of APIs at the exact dose level considered best for an in-

dividual patient.

One-Piece Capsules—One-piece shell capsules are

formed, filled, and sealed in a single process on the same

machine and are available in a wide variety of sizes,

shapes, and colors. The most common type of one-piece

capsule is that produced by a rotary die process that re-

sults in a capsule with a seam. The soft gelatin shell is

somewhat thicker than that of two-piece capsules and

is plasticized by the addition of polyols such as glycerin,

sorbitol, or other suitable material. The ratio of the plas-

ticizer to the gelatin can be varied to change the flexibil-

ity of the shell depending on the nature of the fill

material, its intended usage, or environmental condi-

tions.

In most cases, one-piece capsules are filled with liquids.

Typically, APIs are dissolved or suspended in a liquid ve-

hicle. Classically, an oleaginous vehicle such as a vegeta-

ble oil was used. However, nonaqueous, water-miscible

liquid vehicles such as the lower molecular weight poly-

ethylene glycols now are more common. The physico-

chemical properties of the vehicle can be chosen to

ensure stability of the API as well as to influence the re-

lease profile from the capsule shell.

Dry Powder Inhalers

The dry powder inhaler (DPI) consists of a mixture of

API(s) and carrier, and all components exist in a finely di-

vided solid state packaged as a unit dose. The dose is re-

leased from the packaging by an appropriate mechanism

and is mobilized into a fine mist only upon oral inhalation

by the patient.

TYPICAL COMPONENTS

The basic components of the DPI are the formulation

consisting of the API(s) and carrier, both in the dry state;

packaging that contains an amount equivalent to a unit

dose; and a mechanism designed to open the unit-dose

container and permit mobilization of the powders by the

patient inhaling through the built-in mouthpiece. Typi-

cally, the unit-dose container is either a capsule made

of gelatin or other suitable non-animal-derived material

(e.g., hypromellose or starch), or the container may con-

sist of a series of unit doses in foil-lined blisters arranged

in a strip. When the API is contained in a capsule, release

of the API takes place when the capsule is pierced. As a

consequence of this release mechanism, the device is de-

signed to minimize the generation of capsule fragments

that might subsequently be inhaled. When the API is con-

tained in a blister pack, the mechanism is designed to ad-

vance an unused blister to a platform where the foil lining

can be peeled back to expose the powder mixture to an

air stream created when the patient inhales. To facilitate

dosing compliance, some delivery devices incorporate

dosing administration information such as number of

doses remaining.
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PACKAGING

For API contained in blister-pack strips, the packs must

be designed to allow individual blister cavities to be

opened without compromising the seal of adjacent cav-

ities. Package components must provide acceptable pro-

tection from humidity, l ight, and/or oxygen as

appropriate. Containers for DPIs typically are made of

plastic, but metal may be suitable. Packaging for the en-

capsulated API must provide protection from humidity

extremes to ensure that capsule breakage will occur in

the desired fashion.

LABELING AND USE

Many experts recommend the addition of a statement

indicating that patients and/or consumers should seek

advice and instruction from a health care professional

about the proper use of the device.

Emulsions (Creams and Lotions)

Creams—Creams are semisolid emulsion dosage

forms. They often contain more than 20% water and vol-

atiles and typically contain less than 50% hydrocarbons,

waxes, or polyols as the vehicle for the API. Creams gen-

erally are intended for external application to the skin or

to the mucous membranes. Creams have a relatively soft,

spreadable consistency and can be formulated as either a

water-in-oil emulsion (e.g., Cold Cream or Fatty Cream as

in the European Pharmacopoeia) or as an oil-in-water

emulsion (e.g., Betamethasone Valerate Cream). Creams

generally are described as either nonwashable or wash-

able, reflecting the fact that an emulsion with an aqueous

external continuous phase is more easily removed than

one with a nonaqueous external phase (water-in-oil

emulsion). Where the term ‘‘cream’’ is used without

qualification, a water-washable product is generally in-

ferred.

Lotions—Lotions are an emulsified liquid dosage form

generally intended for external application to the skin.

Historically, some topical suspensions such as calamine

lotion have been called lotions but that nomenclature

is not currently preferred. Lotions share many character-

istics with creams. The distinguishing factor is that they

are more fluid than semisolid and thus pourable. Due to

their fluid character, lotions are more easily applied to

large skin surfaces than semisolid preparations. Lotions

may contain antimicrobial agents as preservatives.

PREPARATION

Pharmaceutical Compounding—Nonsterile Preparations

h795i provides general information regarding the prep-

aration of emulsions.

Creams—Creams may be formulated from a variety of

oils, both mineral and vegetable, and from fatty alcohols,

fatty acids, and fatty esters. The solid excipients are melt-

ed at the time of preparation. Emulsifying agents include

nonionic surfactants, detergents, and soaps. Soaps are

usually formed from a fatty acid in the oil phase hydro-

lyzed by a base dissolved in the aqueous phase in situ

during the preparation of creams.

Preparation usually involves separating the formula

components into two portions: lipid and aqueous. The

lipid portion contains all water-insoluble components

and the aqueous portion the water-soluble components.

Both phases are heated to a temperature above the melt-

ing point of the highest melting component. The phases

then are mixed and the mixture is stirred until reaching

ambient temperature or the mixture has congealed. Mix-

ing generally is continued during the cooling process to

promote uniformity. Traditionally, the aqueous phase is

added to the lipid phase, but comparable results have

been obtained with the reverse procedure. High-shear
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homogenation may be employed to reduce particle or

droplet size and improve the physical stability of the re-

sultant dosage form.

The API(s) can be added to the phase in which it is sol-

uble at the beginning of the manufacturing process, or it

can be added after the cream is prepared by a suitable

dispersion process such as levigation or milling with a rol-

ler mill. Creams usually require the addition of a preser-

vative(s) unless they are compounded immediately prior

to use and intended to be consumed in a relatively short

period of time.

Lotions—Lotions usually are prepared by dissolving or

dispersing the API into the more appropriate phase (oil or

water), adding the appropriate emulsifying or suspend-

ing agents, and mixing the oil and water phases to form

a uniform fluid emulsion.

LABELING AND PACKAGING

Some products may require labeling directions indicat-

ing to shake well prior to application and to avoid freez-

ing. Storage limits must be specifically indicated to

prevent melting of semisolid components. Instructions

to ensure proper dosing and administration must accom-

pany the product. Tight containers are used for prepara-

tion and storage to prevent loss by evaporation.

FEED ADDITIVES

Feed additives are preparations used in veterinary

medicine to deliver the API(s) via the water or food given

to animals. The feed additive may be either a solid or liq-

uid and sometimes is called a premix. Feed additives are

further subdivided into three types.

TYPE A MEDICATED ARTICLES

Type A medicated articles are products containing one

or more animal APIs, and that are sold to licensed feed

mills or producers and are intended to be further diluted

by mixing into food or water prior to consumption by

the animals. Because these preparations are not actually

dosed to animals, they are not considered dosage forms.

TYPE B MEDICATED FEEDS

Type B medicated feeds are products that contain a

type A medicated article, or another type B medicated

feed, plus a substantial quantity of nutrients (not less

than 25% of the total weight). Like type A medicated ar-

ticles, type B medicated feeds are intended for mixture

with food or water and additional nutrients, are not to

be fed directly to the animals, and are not considered

dosage forms.

TYPE C MEDICATED FEEDS

Type C medicated feeds are made from type A medi-

cated articles or type B medicated feeds and are prepared

at concentrations of the API appropriate for administra-

tion to animals by mixing in food or water. Administra-

tion of type C medicated feeds can be accomplished

by blending directly into the feed; top-dressing the prep-

aration onto the animal’s normal daily rations; or heat-

ing, steaming, and extruding into pellets that are

mixed or top-dressed onto the animal’s food. Another

form of type C medicated feeds is compressed or molded

blocks from which animals receive the API or nutrients via

licking the block.
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PREPARATION

Type A medicated articles that are liquids are produced

by mixing the API(s) with a suitable solvent (e.g., water or

propylene glycol). The API(s) is usually dissolved to pro-

duce a solution, but suspension products also could be

produced.

Type A medicated articles that are solids are produced

by blending the API with excipients to provide a uniform

dosage form when mixed with the animal’s feed. Often

the API is first mixed with an excipient (e.g., starch or so-

dium aluminosilicate) that has a similar particle size and

can help distribute the API uniformly throughout the final

drug product. This pre-blend is then mixed with bulking

excipients (e.g., calcium carbonate or soybean hulls).

Mineral oil may be added to aid uniform distribution,

to prevent particle segregation during shipping, and to

minimize formation of airborne API particles during pro-

duction of type B or C medicated feeds.

Type B or C medicated feeds are produced at licensed

feed mills or by farm producers. Type A medicated arti-

cles are added to the feeds (e.g., ground corn or oats)

during the milling process of making feeds. Liquid type

A medicated articles often are sprayed in at set rates,

and solid type A medicated articles are added slowly to

aid in creating uniform distribution in the feeds. Liquid

type A medicated articles can also be mixed in with bulk

water sources at prescribed amounts.

LABELING AND PACKAGING

Type A medicated articles or type B medicated feeds

include special labeling to indicate that they should be

used in the manufacture of animal feeds or added to

the drinking water. The labels indicate that they are not

to be fed directly to animals. Also included is a statement

indicating ‘‘Not for Human Use’’. Type A medicated arti-

cles or type B medicated feeds are packaged either in pa-

per bags, often with polyethylene liners, for solids and in

plastic containers for liquids. Typical sizes are 50-lb bags

or several-gallon containers.

Foams

Medicated foams are emulsions containing a dispersed

phase of gas bubbles in a liquid continuous phase con-

taining the API. Medicated foams are packaged in pres-

surized containers or special dispensing devices and are

intended for application to the skin or mucous mem-

branes. The medicated foam is formed at the time of ap-

plication. Surfactants are used to ensure the dispersion of

the gas and the two phases. Medicated foams have a

fluffy, semisolid consistency and can be formulated to

break to a liquid quickly or to remain as foam to ensure

prolonged contact.

Medicated foams intended to treat severely injured

skin or open wounds must be sterile.

PREPARATION

A foam may contain one or more APIs, surfactants,

aqueous or nonaqueous liquids, and the propellants. If

the propellant is in the internal (discontinuous) phase

(i.e., is of the oil-in-water type), a stable foam is dis-

charged. If the propellant is in the external (continuous)

phase (i.e., is of the water-in-oil type), a spray or a quick-

breaking foam is discharged. Quick-breaking foams for-

mulated with alcohol create a cooling sensation when

applied to the skin and may have disinfectant properties.

LABELING AND USE

Foams formulated with flammable components should

be appropriately labeled. Labeling indicates that prior to

dispensing, a foam drug product is shaken well to ensure

uniformity. The instructions for use must clearly note spe-
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cial precautions that are necessary to preserve sterility. In

the absence of a metering valve, delivered volume may

be variable.

Medical Gases (Inhalation Materials)

Medical gases are products that are administered di-

rectly as a gas. A medical gas has a direct pharmacolog-

ical action or acts as a diluent for another medical gas.

Gases employed as excipients for administration of aero-

sol products, as an adjuvant in packaging, or produced

by other dosage forms, are not included in this definition.

Components—Medical gases may be single compo-

nents or defined mixtures of components. Mixtures also

can be extemporaneously prepared at the point of use.

Administration—Medical gases may be adminis-

tered to the patient via the pulmonary route or via extra-

corporeal methods. The dose of medical gas typically is

metered by a volume rate of flow under ambient temper-

ature and pressure conditions. Administration of a highly

compressed gas generally requires a regulator to de-

crease the pressure, a variable-volume flow controller,

and suitable tubing to conduct the gas to the patient.

For pulmonary administration, the gas flow will be direct-

ed to the nose or mouth by a suitable device or into the

trachea through a mechanical ventilator. When medical

gases are administered chronically, provision for humid-

ification is common. Care should be exercised to avoid

microbial contamination.

STORAGE

Medical gases are stored in a compressed state in cyl-

inders or other suitable containers. The containers must

be constructed of materials that can safely withstand the

expected pressure and must be impact resistant. In some

cases each container holds a single defined dose (e.g.,

general anesthetics), but in other cases the container

holds sufficient gas for extended administration.

SPECIAL CONSIDERATIONS

The container and system fittings should be appropri-

ate for the medical gas. Adaptors should not be used to

connect containers to patient-use supply system piping

or equipment. Large quantities of gases such as oxygen

or nitrogen can be stored in the liquid state in a cryogen-

ic container and converted into a gas, as needed, by

evaporation. Additional rules concerning the construc-

tion and use of cryogenic containers are promulgated

by governmental agencies (e.g., U.S. Department of

Commerce).

Containers, tubing, and administration masks em-

ployed for gases containing oxygen are free of any com-

pound that would be sensitive to oxidation or that would

be irritating to the respiratory tract.

A significant fraction of the dose of a medical gas may

be released into the general vicinity of the patient due to

incomplete absorption. Adequate ventilation may be

necessary to protect health care workers and others from

exposure to the gas (e.g., nitrous oxide).

LABELING

If required under the individual monograph, label to

indicate method of manufacture (such as oxygen via air

liquefaction). When piped directly from the storage con-

tainer to the point of use, the gas must be labeled for

content at each outlet.

Warning to be placed on pressurized containers in-

clude:

� Contents under pressure.

� Do not puncture or incinerate container.

� Do not expose to heat or store at temperature above

498.

� Keep out of reach of children unless otherwise pre-

scribed.

� Use only as directed; intentional misuse may be

harmful or fatal.
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When oxygen is in use, a posted warning should indi-

cate the necessity of extinguishing smoking materials

and avoiding the use of open flames or other potential

ignition sources.

Gels

Gels (sometimes called jellies) are semisolid systems

consisting either of suspensions of small inorganic parti-

cles or of organic molecules interpenetrated by a liquid.

Gels can be classed either as single-phase or two-phase

systems.

A two-phase gel consists of a network of small discrete

particles (e.g., Aluminum Hydroxide Gel or Psyllium Hemi-

cellulose). In a two-phase system the gel mass sometimes

is referred to as a magma (e.g., Bentonite Magma) if the

particle size of the suspended material is large. Both gels

and magmas may be thixotropic, forming semisolids on

standing and becoming liquid on agitation. They should

be shaken before use to ensure homogeneity and should

be so labeled (see Suspensions).

Single-phase gels consist of organic macromolecules

uniformly distributed throughout a liquid in such a man-

ner that no apparent boundaries exist between the dis-

persed macromolecules and the liquid. Single-phase

gels may be made from natural or synthetic macromole-

cules (e.g., Carbomer, Hydroxypropyl Methylcellulose, or

Starch) or natural gums (e.g., Tragacanth). The latter pre-

parations are also called mucilages. Although these gels

commonly are aqueous, alcohols and oils may be used as

the continuous phase. For example, mineral oil can be

combined with a polyethylene resin to form an oleagi-

nous ointment base.

Gels can be administered by the topical or mucosal

routes. Gels containing antibiotics administered by teat

infusion are often the dosage form used in veterinary

medicine to treat mastitis.

PREPARATION

See Pharmaceutical Compounding—Nonsterile Prepara-

tions h795i for general procedures. Also see the informa-

tion contained under Dosage Forms, Suspensions for the

formulation and manufacture of gels containing inorgan-

ic components or APIs in the solid phase. See Pharmaceu-

tical Compounding—Sterile Preparations h797i for general

procedures for the preparation of sterile gels such as Lido-

caine Hydrochloride Jelly.

Gels formed with large organic molecules may be

formed by dispersing the molecule in the continuous

phase (e.g., by heating starch), by cross-linking the dis-

persed molecules by changing the pH (as for Carbomer

Copolymer), or by reducing the continuous phase (as

for jellies formed with sucrose).

Care should be taken to ensure uniformity of the APIs

by dispersing them by vigorous mixing or milling or by

shaking if the preparation is less viscous.

PACKAGING AND STORAGE

Store in tight containers to prevent water loss. Avoid

freezing.

Granules

Granules are solid dosage forms that are composed of

agglomerations of smaller particles. These multicompo-

nent compositions are prepared for oral administration

and are used to facilitate flexible dosing regimens, ad-

dress stability challenges, allow taste masking, or facili-

tate flexibility in administration (for instance, to

pediatric patients, geriatric patients, or animals). Granu-

lar dosage forms may be formulated for direct oral ad-

ministration and may facilitate compounding of

multiple APIs by allowing compounding pharmacists to

blend various granular compositions in the retail or hos-

pital pharmacy. More commonly, granules are reconsti-
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tuted to a suspension by the addition of water or a sup-

plied liquid diluent immediately prior to delivery to the

patient. Effervescent granules are formulated to liberate

gas (carbon dioxide) upon addition of water. Common

examples of effervescent granules include antacid and

potassium supplementation preparations. Common

therapeutic classes formulated as granule dosage forms

include antibiotics, certain laxatives (such as senna ex-

tract products), electrolytes, and various cough and cold

remedies that contain multiple APIs.

Granular dosage forms also are employed in veterinary

medicine when they are often placed on top of or mixed

with an animal’s food. They are frequently provided with

a measuring device to allow addition to feeds. The resul-

tant mix facilitates dosing.

PREPARATION

Granules often are the precursors used in tablet com-

pression or capsule filling. Although this application rep-

resents a pharmaceutical intermediate and not a final

dosage form, numerous commercial products are based

on granules. In the typical manufacture of granules, the

API is blended with excipients (processing aids) and wet-

ted with an appropriate pharmaceutical solvent or blend

of solvents to promote agglomeration. This composition

is dried and sized to yield the desired material properties.

Frequently, granules are used because the API is unsta-

ble in aqueous environments and cannot be exposed to

water for periods sufficient to accommodate manufac-

ture, storage, and distribution in a suspension. Prepara-

tion of the liquid dosage form from the granules

immediately prior to dispensing allows acceptable stabil-

ity for the duration of use. Granules manufactured for this

purpose are packaged in quantities sufficient for a limited

time period—usually one course of therapy that typically

does not exceed two weeks. In addition to the API, other

ingredients may be added to ensure acceptable stability

(e.g., buffers, antioxidants, or chelating agents) or to

provide color, sweetness, flavor, and for suspensions, ac-

ceptable viscosity to ensure adequate suspension of the

particulate to enable uniform dosing.

Effervescent granules typically are formulated from so-

dium or potassium bicarbonate and an acid such as citric

or tartaric acid. To prevent untimely generation of car-

bon dioxide, manufacturers should take special precau-

tions to limit residual water in the product due to

manufacture and to select packaging that protects the

product from moisture. The manufacture of effervescent

granules can require specialized facilities designed to

maintain very low humidity (approximately 10% relative

humidity). Effervescent powder mixtures are purposely

formed into relatively course granules to reduce the rate

of dissolution and provide a more controlled efferves-

cence.

PACKAGING AND STORAGE

Granules for reconstitution may be packaged in unit-

of-use containers or in containers with sufficient quan-

tities to accommodate a typical course of therapy (fre-

quent ly 10 days to two weeks with ant ib iot ic

products). Packaging should provide suitable protection

from moisture. This is particularly true for effervescent

granules. Granules may be stored under controlled room

temperature conditions unless other conditions are spe-

cifically noted.

Many granule products specify refrigerated storage fol-

lowing reconstitution and direct the patient to discard

unused contents after a specified date that is based on

the stability of the API in the reconstituted preparation.

LABELING AND USE

Effervescent granules (and tablets) are labeled to indi-

cate that they are not to be swallowed directly.
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Reconstitution of granules must ensure complete wet-

ting of all ingredients and sufficient time and agitation to

allow the soluble components to dissolve. Specific in-

structions for reconstitution provided by the manufactur-

er should be carefully followed.

Reconstituted suspensions should be shaken before use

to re-suspend the dispersed particulates. This is especially

true of suspension preparations dosed from multiple-

dose containers. For particularly viscous suspensions

prone to air entrapment, instructions may advise the user

how to shake the preparation to re-suspend settled par-

ticulates while minimizing air entrapment.

SPECIAL CONSIDERATIONS

For granules reconstituted to form suspensions for oral

administration, acceptable suspension of the particulate

phase depends on the particle size of the dispersed phase

as well as the viscosity of the vehicle. Temperature can

influence the viscosity, which influences suspension pro-

perties and the ease of removal of the dose from the bot-

tle. In addition, temperature cycling can lead to changes

in the particle size of the dispersed phase via Ostwald rip-

ening. Thus, clear instructions should be provided re-

garding the appropriate storage temperature for the

product.

Medicated Gums

Medicated gum is a semisolid confection that is de-

signed to be chewed rather than swallowed. Medicated

gums release the API(s) into the saliva. Medicated gums

can deliver therapeutic agents for local action in the

mouth (such as antibiotics to control gum disease) or

for systemic absorption via the buccal or gastrointestinal

routes (e.g., nicotine or aspirin). Most medicated gums

are manufactured using the conventional melting pro-

cess derived from the confectionary industry or alterna-

tively may be directly compressed from gum powder.

Medicated gums are formulated from insoluble synthetic

gum bases such as polyisoprene, polyisobutylene, isobu-

tyleneisoprene copolymer, styrene butadiene rubber,

polyvinyl acetate, polyethylene, ester gums, or polyter-

penes. Plasticizers and softeners such as propylene gly-

col, glycerin, oleic acid, or processed vegetable oils are

added to keep the gum base pliable and to aid incorpo-

ration of the API(s), sweeteners, and flavoring agents.

Sugars as well as artificial sweeteners and flavorings are

incorporated to improve taste, and dyes may be used

to enhance appearance. Some medicated gums are coat-

ed with magnesium stearate to reduce tackiness and im-

prove handling during packaging. A preservative may be

added.

PREPARATION

Melted Gum—The gum base is melted at a tempera-

ture of about 1158 until it has the viscosity of thick syrup

and at that point is filtered through a fine-mesh screen.

This molten gum base is transferred to mixing tanks

where the sweeteners, plasticizers, and typically the API

are added and mixed. Colorings, flavorings, and preser-

vatives are added and mixed while the melted gum is

cooling. The cooled mixture is shaped by extrusion or

rolling and cutting. Dosage units of the desired shape

and potency are packaged individually. Additional coat-

ings such as powder coatings to reduce tackiness or film

or sugar coatings may be added to improve taste or fa-

cilitate bulk packaging.

Directly Compressed Gum—The gum base is sup-

plied in a free-flowing granular powder form. The pow-

der gum base is then dry blended with sweeteners,

flavors, the API, and lubricant. The blend is then pro-

cessed through a conventional tablet press and tableted

into desired shapes. The resulting medicated gum tablets
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can be further coated with sugar or sugar-free excipients.

These tablets can be packaged in blisters or bottles as

needed.

SPECIAL CONSIDERATIONS

Medicated gums are typically dispensed in unit-dose

packaging. The patient instructions also may include a

caution to avoid excessive heat.

Implants

Implants are long-acting dosage forms that provide

continuous release of the API often for periods of months

to years. They are administered by the parenteral route.

For systemic delivery they may be placed subcutane-

ously, or for local delivery they can be placed in a specific

region in the body.

Several types of implants are available. Pellet implants

are small, sterile, solid masses composed of an API with or

without excipients. They are usually administered by

means of a suitable special injector (e.g., trocar) or by

surgical incision. Release of the API from pellets typically

is controlled by diffusion and dissolution kinetics. The size

of the pellets and rate of erosion will influence the release

rate, which typically follows first-order kinetics. API re-

lease from pellets for periods of six months or more is

possible. Pellet implants have been used to provide ex-

tended delivery of hormones such as testosterone or es-

tradiol.

Resorbable microparticles are a type of implants that

provide extended release of API over periods varying

from a few weeks to months. They can be administered

subcutaneously or intramuscularly for systemic delivery,

or they may be deposited in a desired location in the

body for site-specific delivery. Injectable resorbable mi-

croparticles (or microspheres) generally range from 20

to 100 mm in diameter. They are composed of an API dis-

persed within a biocompatible, bioresorbable polymeric

excipient (matrix). Poly(lactide-co-glycolide) polymers

have been used frequently. These excipients typically re-

sorb by hydrolysis of ester linkages. The microparticles

are administered by suspension in an aqueous vehicle fol-

lowed by injection with a conventional syringe and nee-

dle. Release of the API from the microparticles begins

after physiological fluid enters the polymer matrix, dis-

solving some of the API that then is released by a diffu-

sion-controlled process. Drug release also can occur as

the matrix erodes.

Polymer implants can be formed as a single-shaped

mass such as a cylinder. The polymer matrix must be bio-

compatible, but it can be either biodegradable or non-bi-

odegradable. Shaped polymer implants are administered

by means of a suitable special injector. Release kinetics

typically are not zero-order, but zero-order kinetics are

possible. API release can be controlled by the diffusion

of the API from the bulk polymer matrix or by the proper-

ties of a rate-limiting polymeric membrane coating. Poly-

mer implants are used to deliver potent small molecules

like steroids (e.g., estradiol for cattle) and large molecules

like peptides [e.g., luteinizing hormone-releasing hor-

mone (LHRH)]. Example durations of API release are

two and three months for biodegradable implants and

one year for non-biodegradable implants. An advantage

of biodegradable implants is that they do not require re-

moval after release of all API content. Non-biodegradable

polymer implants can be removed before or after API re-

lease is complete or may be left in situ. An implant can

have a tab with a hole in it to facilitate suturing it in place,

e.g., for an intravitreal implant for local ocular delivery.

Such implants may provide therapeutic release for pe-

riods as long as 2.5 years.

Some implants are designed to form as a mass in situ.

These implants are initially prepared as liquid formula-

tions comprising polymer, API, and solvent for the poly-

mer. The polymer solvent can be water or an organic

solvent. After administration of the liquid formulation
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to a patient by subcutaneous or intramuscular adminis-

tration, it forms a gel or a solid polymeric matrix that

traps the API and extends the API release for days or

months. In situ-forming implants also are used for local

delivery of the API to treat periodontal disease. The im-

plant is formed within the periodontal pocket.

Another type of implant can be fabricated from a metal

such as titanium and plastic components. These implants

are administered by means of a suitable injector or by

surgical installation. A solution of API inside the implant,

like an LHRH solution, is released via an osmotically dri-

ven pump inside the implant. Duration of release may

be as long as one year or more. Release kinetics are zero

order. After the API is delivered, metal-based implants are

removed.

API-eluting stents combine the mechanical effect of the

stent to maintain arterial patency with the prolonged

pharmacologic effect of the incorporated API (to reduce

restenosis, inhibit clot formation, or combat infection).

As an example, a metal stent can be coated with a

non-biodegradable or biodegradable polymer-contain-

ing API. The resultant coating is a polymeric matrix that

controls the extended release of the API.

PREPARATION

Pellet implants are made by API compression or mold-

ing. Cylindrical polymeric implants typically are made by

melt extrusion of a blend of API and polymer, resulting in

a rod that is cut into shorter lengths. Polymer implants

also can be made by injection molding. Still other im-

plants are assembled from metal tubes and injection-

molded plastic components.

Sterility can be achieved by terminal sterilization or by

employing aseptic manufacturing procedures.

PACKAGING AND STORAGE

All implants are individually packaged (typically in their

injector or for veterinary use in cartridges that are placed

in the injector guns), are sterile (except for some animal

health products), and conform to the appropriate stan-

dards for injection. Biodegradable implants are protected

from moisture so the polymer does not hydrolyze and al-

ter drug release kinetics before use.

Inserts

Inserts are solid dosage forms that are inserted into a

body cavity other than the rectum (see Suppositories).

The API is delivered in inserts for local or systemic action.

Inserts applied to the eye, such as Pilocarpine Ocular Sys-

tem, typically are sterile. Vaginal inserts for humans are

usually globular or oviform and weigh about 5 g each.

Vaginal inserts for cattle are T-shaped, are formed of poly-

mer, are removable, and can be used for up to eight

days. One veterinary application is for estrus synchroni-

zation. Inserts intended to dissolve in vaginal secretions

usually are made from water-soluble or water-miscible

vehicles such as polyethylene glycol or glycerinated gel-

atin. Vaginal inserts such as dinoprostone vaginal insert

(e.g., see USP monograph Dinoprostone Vaginal Supposi-

tories) are formulated to deliver medication to the cervix

and to be removed or recovered once the API has been

released. Intrauterine inserts such as Progesterone Intra-

uterine Contraceptive System are used to deliver APIs local-

ly to achieve efficacy while reducing side effects. Some

intrauterine inserts are formulated to remain in the uterus

for extended periods of time. An intra-urethral insert of

alprostadil is available for the treatment of erectile dys-

function.
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PREPARATION

For general considerations see Pharmaceutical Com-

pounding—Nonsterile Preparations h795i. Inserts vary

considerably in their preparation. Inserts may be molded

(using technology similar to that employed to prepare

lozenges, suppositories, or plastics), compressed from

powders (as in tableting), or formulated as special appli-

cations of capsules (soft gelatin capsules and hard gelatin

capsules have been employed for extemporaneously

compounded preparations). Inserts may be formulated

to melt at body temperature or disintegrate upon inser-

tion. Design of the dosage form should take into consid-

eration the fluid volume available at the insertion site and

minimize the potential to cause local irritation. Most in-

serts are formulated to ensure retention at the site of ad-

ministration.

STORAGE AND LABELING

Appropriate storage conditions must be clearly indicat-

ed in the labeling for all inserts, especially for those that

are designed to melt at body temperature. Instructions

to ensure proper dosing and administration must accom-

pany the product.

Liquids

As a dosage form a liquid consists of a pure chemical in

its liquid state. Examples include mineral oil, isoflurane,

and ether. This dosage form term is not applied to solu-

tions. In veterinary medicine liquids may be administered

topically or diluted via mixing with drinking water or

food.

STORAGE AND LABELING

Storage, packaging, and labeling consider the physical

properties of the material and are designed to maintain

potency and purity.

Lotions

(See Emulsions.)

Lozenges

Lozenges are solid oral dosage forms that are designed

to dissolve or disintegrate slowly in the mouth. They con-

tain one or more APIs that are slowly liberated from the

flavored and sweetened base. They are frequently in-

tended to provide local action in the oral cavity or the

throat but also include those intended for systemic ab-

sorption after dissolution. The typical therapeutic cate-

gories of APIs delivered in lozenges are antiseptics,

analgesics, decongestants, antitussives, and antibiotics.

Molded lozenges are called cough drops or pastilles.

Molded lozenges mounted on a stick are known as lolli-

pops. Lozenges prepared by compression or by stamp-

ing or cutting from a uniform bed of paste sometimes

are known as troches. Troches are often produced in a

circular shape.

Lozenges can be made using sugars such as sucrose

and dextrose or can provide the benefits of a sugar-free

formulation that is usually based on sorbitol or mannitol.

Polyethylene glycols and hypromellose sometimes are in-

cluded to slow the rate of dissolution.

MANUFACTURE

Excipients used in molded lozenge manufacture in-

clude gelatin, fused sucrose, sorbitol, or another carbo-

hydrate base.
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Molded lozenges using a sucrose or sorbitol base con-

taining APIs such as phenol, dextromethorphan, fenta-

nyl, and dyclonine hydrochloride and menthol are

prepared by cooking the sugar (sucrose, corn syrup,

and sorbitol) and water at about 1508 to reduce the wa-

ter content to less than 2%. The molten sugar solution is

transferred to a cooling belt or cooling table, and medic-

aments, flavorings, and colorings are added and thor-

oughly mixed while cooling. Individual dosage units of

the desired shape are formed by filling the molten mass

into molds. These lozenges are quickly cooled in the

molds to trap the base in the glassy state. Once formed,

the lozenges are removed from the molds and packaged.

Care is taken to avoid excessive moisture during storage

to prevent crystallization of the sugar base.

Compressed lozenges are made using excipients that

may include a filler, binder, sweetening agent, flavoring

agent, and lubricant. Sugars such as sucrose, sorbitol,

and mannitol often are included because they can act

as filler and binder as well as serve as sweetening agents.

Approved FD&C and D&C dyes or lakes (dyes adsorbed

onto insoluble aluminum hydroxide) also may be pre-

sent.

The manufacturing of compressed lozenges is essen-

tially the same as that for conventional tableting, with

the exception that a tablet press capable of making lar-

ger tablets and exerting greater force to produce harder

tablets may be required (see Tablets).

The paste used to produce lozenges manufactured by

stamping or cutting contains a moistening agent, su-

crose, and flavoring and sweetening agents. The homog-

enous paste is spread as a bed of uniform thickness, and

the lozenges are cut or stamped from the bed and are

allowed to dry. Some lozenges are prepared by forcing

dampened powders under low pressure into mold cavi-

ties and then ejecting them onto suitable trays for drying

at moderate temperatures.

PACKAGING AND STORAGE

Many lozenges are sensitive to moisture, and typically

a monograph indicates that the package or container

type is well closed and/or moisture resistant. Storage in-

structions may include protection from high humidity.

Ointments

Ointments are semisolid preparations intended for ex-

ternal application to the skin or mucous membranes.

APIs delivered in ointments are intended for local action

or for systemic absorption. Ointments usually contain

less than 20% water and volatiles and more than 50%

hydrocarbons, waxes, or polyols as the vehicle. Ointment

bases recognized for use as vehicles fall into four general

classes: hydrocarbon bases, absorption bases, water-re-

movable bases, and water-soluble bases.

Hydrocarbon Bases—Also known as oleaginous

ointment bases, they allow the incorporation of only

small amounts of an aqueous component. Ointments

prepared from hydrocarbon bases act as occlusive dress-

ings and provide prolonged contact of the API with the

skin. They are difficult to remove and do not change

physical characteristics upon aging.

Absorption Bases—Allow the incorporation of aque-

ous solutions. Such bases include only anhydrous com-

ponents (e.g., Hydrophilic Petrolatum) or water-in-oil

emulsions (e.g., Lanolin). Absorption bases are also useful

as emollients.

Water-Removable Bases—Oil-in-water emulsions

(e.g., Hydrophilic Ointment) are sometimes referred to

as creams (see Emulsions). They may be readily washed

from the skin or clothing with water, making them ac-

ceptable for cosmetic reasons. Other advantages of the

water-removable bases are that they can be diluted with

water and that they favor the absorption of serous dis-

charges in dermatological conditions.
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Water-Soluble Bases—Also known as greaseless

ointment bases, they are formulated entirely from wa-

ter-soluble constituents. Polyethylene Glycol Ointment is

the only official preparation in this group. They offer

many of the advantages of the water-removable bases

and, in addition, contain no water-insoluble substances

such as petrolatum, anhydrous lanolin, or waxes. They

are more correctly categorized as gels (see Gels).

The choice of an ointment base depends on the action

desired, the characteristics of the incorporated API, and

the latter’s bioavailability if systemic action is desired. The

product’s stability may require the use of a base that is

less than ideal in meeting other quality attributes. APIs

that hydrolyze rapidly, for example, are more stable in

hydrocarbon bases than in bases that contain water.

Ophthalmic ointments are intended for application di-

rectly to the eye or eye-associated structures such as the

subconjunctival sac. They are manufactured from steri-

lized ingredients under aseptic conditions and meet the

requirements under Sterility Tests h71i. Ingredients meet-

ing the requirements described under Sterility Tests h71i

are used if they are not suitable for sterilization proce-

dures. Ophthalmic ointments in multiple-dose con-

tainers contain suitable antimicrobial agents to control

microorganisms that might be introduced during use un-

less otherwise directed in the individual monograph or

unless the formula itself is bacteriostatic (see Ophthalmic

Ointments h771i, Added Substances). The finished oint-

ment is free from large particles and must meet the re-

quirements for Leakage and for Metal Particles under

Ophthalmic Ointments h771i. The immediate container

for ophthalmic ointments is sterile at the time of filling

and closing. The immediate containers for ophthalmic

ointments are sealed and made tamper-proof so that ste-

rility is ensured at time of first use.

A suitable ophthalmic ointment base is nonirritating to

the eye and permits diffusion of the API throughout the

secretions bathing the eye. Petrolatum is most common-

ly used as a base for ophthalmic APIs. Some absorption

bases, water-removable bases, and water-soluble bases

may be desirable for water-soluble APIs if the bases are

nonirritating.

MANUFACTURE

Ointments typically are prepared by either direct incor-

poration into a previously prepared ointment base or by

fusion (heating during the preparation of the ointment).

A levigating agent is often added to facilitate the incor-

poration of the medicament into the ointment base by

the direct incorporation procedure. In the fusion meth-

od, the ingredients are heated, often in the range of

608 to 808. Homogenization is often necessary. The rate

of cooling is an important manufacturing detail because

rapid cooling can impart increased structure to the pro-

duct of the fusion method.

PACKAGING AND STORAGE

Protect from moisture. For emulsified systems, temper-

ature extremes can lead to physical instability of the

preparation. When this is the case products should be

clearly labeled to specify appropriate storage conditions.

Ointments typically are packaged either in ointment jars

or ointment tubes. Ointment jars are often used for more

viscous ointments that do not require sterility. Ointment

tubes typically are used for less viscous ointments and

those such as ophthalmic ointments that require the

maintenance of sterility. The package sizes for ophthal-

mic preparations are controlled to minimize the likeli-

hood of contamination and loss of sterility.
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Pastes

Pastes are semisolid preparations of stiff consistency

and contain a high percentage of finely dispersed solids.

Pastes are intended for application to the skin, oral cavity,

or mucous membranes. In veterinary practice, pastes are

used for systemic delivery of APIs.

Pastes ordinarily do not flow at body temperature and

thus can serve as occlusive, protective coatings. As a con-

sequence, pastes are more often used for protective ac-

tion than are ointments.

Fatty pastes that have a high proportion of hydrophilic

solids appear less greasy and more absorptive than oint-

ments. They are used to absorb serous secretions and are

often preferred for acute lesions that have a tendency to-

ward crusting, vesiculation, or oozing.

Dental pastes may be applied to the teeth, or alterna-

tively they may be indicated for adhesion to the mucous

membrane for a local effect (e.g., Triamcinolone Acetonide

Dental Paste). Some paste preparations intended for ani-

mals are administered orally. The paste is squeezed into

the mouth of the animal, generally at the back of the

tongue, or is spread inside the mouth.

PREPARATION

Pastes can be prepared by direct incorporation or by

fusion (the use of heat to soften the base). The solid in-

gredients often are incorporated following comminution

and sieving. If a levigating agent is needed, a portion of

the ointment base is often employed rather than a liquid.

LABELING AND STORAGE

Veterinary products should be labeled to ensure they

are not administered to humans. Labeling should indi-

cate the need for protection from heat.

Transdermal Systems (Patches)

Transdermal API delivery systems (TDSs) are discrete

dosage forms that are designed to deliver the API(s)

through intact skin to the systemic circulation. Typically,

a TDS is composed of an outer covering (barrier), an API

reservoir (possibly covered with a rate-controlling

membrane), a contact adhesive applied to some or all

parts of the system (to attach the TDS to the skin sur-

face), and a protective layer that is removed before the

patch is applied. The activity of a TDS is defined in terms

of the release rate of the API(s) from the system. The total

duration of drug release from the system and the system

surface area also may be stated.

Most TDSs can be considered either matrix-type or res-

ervoir-type systems. Matrix-type patches are often fur-

ther divided into monolithic adhesive matrix or

polymer matrix types. Reservoir-type systems include liq-

uid reservoir systems and solid-state reservoir systems.

Solid-state reservoir patches also include multilaminate

adhesive and multilaminate polymer matrix systems.

Drug delivery from some TDSs is controlled by diffu-

sion kinetics. The API diffuses from the drug reservoir di-

rectly or through the rate-controlling membrane and/or

contact adhesive and then through the skin into the gen-

eral circulation. Modified-release systems are generally

designed to provide drug delivery at a constant rate so

that a true steady-state blood concentration is achieved

and maintained until the system is removed. Other TDSs

work by active transport of the API. For example, ionto-

phoretic transdermal delivery uses the electric current

between two electrodes to enhance the movement of

ionized APIs through the skin.

TDSs are applied to the body areas recommended by

the labeling. The API content of the system provides a

reservoir that, by design, maintains a constant API con-

centration at the system-skin interface. The dosing inter-

val of the system is a function of the amount of API in the

reservoir and the release rate. Some API concentration
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may remain in the reservoir at the end of the dosing in-

terval, in particular for diffusion-controlled delivery

mechanisms. [NOTE—Where the API is intended for local

action, it may be embedded in adhesive on a cloth or

plastic backing. This type of product is more correctly

sometimes called a plaster or tape (see Plasters and

Tapes).]

PREPARATION

TDSs require a backing, a means of storing the API for

delivery to the skin, an adhesive to attach the system to

the skin, and a removable release liner to protect the ad-

hesive, API, and excipients before application. The back-

ing has low moisture- and vapor-transmission rates to

support product stability. The adhesive layer may contain

the API and permeation enhancers in the case of matrix-

type systems or multi-laminate reservoir systems for

which a priming dose is desired. Adhesive may be ap-

plied to the entire patch release surface or merely to

the periphery. Liquid reservoir systems are often

formed–filled–sealed between the backing and release-

controlling materials. For monolithic adhesive matrix sys-

tems, the API and excipients are applied as a solution or

suspension either to the backing or the release liner, and

the solvent is allowed to evaporate.

PACKAGING AND STORAGE

Storage conditions are clearly specified because ex-

treme temperature excursions can influence the perfor-

mance of some systems.

LABELING

The labeling should clearly indicate any performance

limitations of the system (e.g., influence of application

site, hydration state, hair, or other variables).

Pellets

Pellets are dosage forms composed of small, solid par-

ticles of uniform shape sometimes called beads. Typically,

pellets are nearly spherical but this is not required. Pellets

may be administered by the oral (gastrointestinal) or by

the injection route (see also Implants). Pellet formulations

may provide several advantages including physical sepa-

ration for chemically or physically incompatible mate-

rials, extended release of the API, or delayed release to

protect an acid-labile API from degradation in the stom-

ach or to protect stomach tissues from irritation. Extend-

ed-release pellet formulations may be designed with the

API dispersed in a matrix, or the pellet may be coated

with an appropriate polymer coating that modifies the

drug-release characteristics. Alternatively, the pellet de-

sign may combine these two approaches. In the case of

delayed-release formulations, the coating polymer is

chosen to resist dissolution at the lower pH of the gastric

environment but to dissolve in the higher pH intestinal

environment. Injected or surgically administered pellet

preparations (see Implants) are often used to provide

continuous therapy for periods of months or years.

Pellet dosage forms may be designed as single or mul-

tiple entities. Often implanted pellets will contain the de-

sired API content in one or several units. In veterinary

practice, four to eight pellets may be implanted in the

ears of cattle, depending on animal size. Oral pellets typ-

ically are contained within hard gelatin capsules for ad-

min i s t rat ion. A l though there are no absolute

requirements for size, the useful size range of pellets is

governed by the practical constraints of the volume of

commonly used capsules and the need to include suffi-

cient numbers of pellets in each dose to ensure uniform

dosing of the API. As a result, many pellets used for oral

administration fall within a size range of 8 to 24 mesh

710 mm to 2.36 mm. Pellet formulations sometimes are
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used to minimize variability associated with larger dos-

age forms caused by gastric retention upon stomach

emptying.

Enteric-coated (delayed-release) pellet formulations

and some extended-release formulations are prepared

by applying a coating to the formulated particles. The

coating must be applied as a continuous film over the en-

tire surface of each particle. Because a small population

of imperfectly coated particles may be unavoidable, oral

pellets are designed to require the administration of a

large number in a single dose to minimize any adverse

influence of imperfectly coated pellets on drug delivery.

PREPARATION

The desired performance characteristics determine the

manufacturing method chosen. In general, pellet dosage

forms are manufactured by wet extrusion processes fol-

lowed by spheronization, by wet or dry coating proces-

ses, or by compression. Manufacture of pellets by wet

coating usually involves the application of successive

coatings upon nonpareil seeds. This manufacturing pro-

cess frequently is conducted in fluid-bed processing

equipment. Dry powder coating or layering processes of-

ten are performed in specialized rotor granulation equip-

ment. The extent of particle growth achievable in wet

coating processes is generally more limited than the

growth that can be obtained with dry powder layering

techniques, but either method allows the formulator to

develop and apply multiple layers of coatings to achieve

the desired release profile. The manufacture of pellets by

compression is largely restricted to the production of ma-

terial for subcutaneous implantation. This method of

manufacture provides the necessary control to ensure

dose uniformity and generally is better suited to aseptic

processing requirements.

Alternatively, microencapsulation techniques can be

used to manufacture pellets. Coacervation coating tech-

niques typically produce coated particles that are much

smaller than those made by other techniques.

PACKAGING AND STORAGE

Pellets for oral administration generally are filled into

hard gelatin capsules and are placed in bottles or blister

packages. The packaging provides suitable protection

from moisture to ensure the stability of the pellet formu-

lation as well as to preserve desirable moisture content of

the capsule shells. Pellets for implantation are sterile and

should be packaged in tight containers suitable for main-

taining sterile contents. Pellets may be stored under con-

trolled room temperature conditions unless other

conditions are specifically noted.

LABELING AND USE

Pellets for oral administration that are formulated to

provide delayed or controlled release must be swallowed

intact to ensure preservation of the desired release char-

acteristics. These products should be labeled accordingly

to ensure that the material is not crushed or chewed dur-

ing administration.

Pills

Pills are API-containing small, round solid bodies in-

tended for oral administration. At one time pills were

the most extensively used oral dosage form, but they

have been replaced by compressed tablets and capsules.

Pills are distinguished from tablets because pills are man-

ufactured by a wet massing and molding technique,

while tablets are formed by compression.
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PREPARATION

Excipients are selected on the basis of their ability to

produce a mass that is firm and plastic. The API is triturat-

ed with powdered excipients in serial dilutions to attain a

uniform mixture. Liquid excipients that act to bind and

provide plasticity to the mass are subsequently added

to the dry materials. The mass is formed by kneading.

The properties of firmness and plasticity are necessary

to permit the mass to be worked and retain the shape

produced. Cylindrical pill pipes are produced from por-

tions of the mass. The pill pipe is cut into individual

lengths corresponding to the intended pill size, and the

pills are rolled to form the final shape. Pill-making ma-

chines can automate the preparation of the mass, pro-

duction of pill piping, and the cutting and rolling of pills.

PACKAGING AND LABELING

Labeling and use instructions for pills are similar to

those for tablets. Although many pills are resistant to

breakage, some pills are friable. Appropriate handling

guidelines should be provided in such cases in order to

avoid breakage.

Plasters

A plaster is a semisolid substance for external applica-

tion and usually is supplied on a support material. Plasters

are applied for prolonged periods to provide protection,

support, or occlusion (maceration).

Plasters consist of an adhesive layer that may contain

active substances. This layer is spread uniformly on an ap-

propriate support that is usually made of a rubber base or

synthetic resin. Unmedicated plasters are designed to

provide protection or mechanical support to the site of

application. These plasters are neither irritating nor sen-

sitizing to the skin.

Plasters are available in a range of sizes or cut to size to

effectively provide prolonged contact to the site of appli-

cation. They adhere firmly to the skin but can be peeled

off the skin without causing injury.

One example of a plaster currently in use is salicylic acid

plasters used for the removal of corns by the keratolytic

action of salicylic acid.

PACKAGING AND STORAGE

Plasters are preserved in well-closed containers, prefer-

ably at controlled room temperature.

Powders

Powders are defined as a solid or a mixture of solids in a

finely divided state intended for internal or external use.

Powders used as pharmaceutical dosage forms may con-

tain one or more APIs and can be mixed with water for

oral administration or injection. Often pediatric antibiot-

ics utilize a powder dosage form for improved stability. In

some areas medicated powders are used for extempora-

neous compounding of preparations for simultaneous

administration of multiple APIs. Medicated powders also

can be inhaled for pulmonary administration (see Dry

Powder Inhalers). Aerosolized powders for the lungs typ-

ically contain processing aids to improve flow and ensure

uniformity (see Aerosols, Nasal Sprays, Metered-Dose In-

halers, and Dry Powder Inhalers h601i). Powders can also

be used topically as a dusting powder.

Externally applied powders should have a particle size

of 150 mm or less (typically in the 50- to 100-mm range) in

order to prevent a gritty feel on the skin that could fur-

ther irritate traumatized skin. Powders are grouped ac-

cording to the following terms: very coarse, coarse,

moderately coarse, fine, and very fine (see Powder Fine-

ness h811i). The performance of powder dosage forms

can be affected by the physical characteristics of the

powder. Particle size can influence the dissolution rate
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of the particles and affect bioavailability. For dispersed

delivery systems, particle size can influence the mixing

and segregation behavior of the particle, which in turn

affects the uniformity of the dosage form.

PREPARATION

Powder dosage forms can be produced by the combi-

nation of multiple components into a uniform blend.

This can also involve particle size reduction, a process re-

ferred to as comminution. Mills and pulverizers are used

to reduce the particle size of powders when necessary. As

the particle size is decreased, the number of particles and

the surface area increase, which can increase the dissolu-

tion rate and bioavailability of the API.

Blending techniques for powders include those used in

compounding pharmacy such as spatulation and tritura-

tion (see Pharmaceutical Compounding Nonsterile Prepara-

tions h795i). Industrial processes may employ sifting or

tumbling the powders in a rotating container. One of

the most common tumble blenders is a V-blender, which

is available in a variety of scales suitable for small-scale

and large-scale compounding and industrial production.

Powder flow can be influenced by both particle size

and shape. Larger particles generally flow more freely

than do fine particles. Powder flow is an important attri-

bute that can affect the packaging or dispensing of a

medicated powder.

PACKAGING AND STORAGE

Powders for pharmaceutical use can be packaged in

multiple- or single-unit containers. Bulk containers have

been used for antacid powders and for laxative powders.

In these instances the patient dissolves the directed

amount in water prior to administration. This type of

multiple-unit packaging is acceptable for many APIs but

should not be utilized for powders that require exact dos-

ing. Multiple-unit powders for topical application often

are packaged in a container with a sifter top.

Potent APIs in a powder dosage form are dispensed in

unit-of-use allocations in folded papers, cellophane en-

velopes, or packets. Powder boxes are often used by

the dispensing pharmacist to hold multiple doses of indi-

vidual folded papers. Hygroscopic powders pose special

challenges and typically are dispensed in moisture-resis-

tant packaging.

LABELING

Typical warning statements include:

� External powders must indicate: ‘‘External Use

Only’’.

� Oral powders should indicate: ‘‘For Oral Use Only’’.

� Powders intended for veterinary use must indicate:

‘‘For Veterinary Use Only’’.

Individual monographs specify the labeling require-

ments for powder dosage forms that are listed in USP–

NF. Oral powders for reconstitution prior to dispensing

typically have a limited shelf life (for example, two

weeks), and the dispensed product should indicate a be-

yond-use date based on the date of the water addition.

Pharmaceutical powders that are compounded indicate

a beyond-use date. Compounded preparations typically

are intended for immediate use and have short-term stor-

age durations.

Medicated Soaps and Shampoos

Medicated soaps and shampoos are solid or liquid pre-

parations intended for topical application to the skin or

scalp followed by subsequent rinsing with water. Soaps

and shampoos are emulsions or surface-active composi-

tions that readily form emulsions or foams upon the ad-

dition of water followed by rubbing. Incorporation of

APIs in soaps and shampoos combines the cleansing/de-
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greasing abilities of the vehicle and facilitates the topical

application of the API to affected areas, even large areas,

of the body. The surface-active properties of the vehicle

facilitate contact of the API with the skin or scalp. Medi-

cated soap and shampoo formulations frequently con-

tain suitable antimicrobial agents to protect against

bacteria, yeast, and mold contamination.

PREPARATION

The preparation of medicated soaps and shampoos fol-

lows techniques frequently used for the preparation of

emulsified systems. To ensure uniformity, the API(s) must

be added to the vehicle prior to congealing (in the case

of soaps) followed by thorough mixing. If the medication

is present as a suspension, the particle size must be con-

trolled to promote uniform distribution of the API and

possibly optimize performance. Because soap manufac-

ture frequently involves processing the ingredients at el-

evated temperature, care must be exercised to avoid

excessive degradation of the API during processing.

PACKAGING AND STORAGE

Individual monographs specify the packaging and

storage requirements for medicated soaps and sham-

poos in USP–NF.

LABELING AND USE

Medicated soaps and shampoos are clearly labeled to

indicate ‘‘For External Use Only’’. The preparations also

clearly advise the patient to discontinue use and consult

a physician/veterinarian if skin irritation or inflammation

occurs or persists following application.

Solutions

A solution is a liquid preparation that contains one or

more dissolved chemical substances in a suitable solvent

or mixture of mutually miscible solvents. Because mole-

cules of an API in solution are uniformly dispersed, the

use of solutions as dosage forms generally provides assur-

ance of uniform dosage upon administration and good

accuracy when the solution is diluted or otherwise

mixed.

Substances in solutions are more susceptible to chem-

ical instability than they are in the solid state and dose-

for-dose generally are heavier and more bulky than solid

dosage forms. These factors increase the cost of packag-

ing and shipping relative to that of solid dosage forms.

Solution dosage forms can be administered by injection;

inhalation; and the mucosal, topical/dermal, and gastro-

intestinal routes. Terminology for solutions in veterinary

practice includes spot-ons or pour-ons that refer to solu-

tions that are applied to an animal’s skin for systemic ab-

sorption, dips that refer to solutions that are used for

washing and disinfection (e.g., udders, eggs, and whole

animals), and drenches that include solutions that are o-

rally administered to livestock, usually with a dosing de-

vice. Solutions administered by injection are officially

titled injections (see Injections h1i).

Solutions intended for oral (gastrointestinal) adminis-

tration usually contain flavorings and colorants to make

the medication more attractive and palatable for the pa-

tient or consumer. When needed, they also may contain

stabilizers to maintain chemical and physical stability and

preservatives to prevent microbial growth.
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STORAGE AND USE

Light-resistant containers should be considered when

photolytic chemical degradation is a potential issue. To

prevent water or solvent loss, solutions are stored in tight

containers. Instructions to ensure proper dosing and ad-

ministration must accompany the product.

Sprays (Nasal, Pulmonary, or Solutions For

Nebulization)

A spray is a preparation that contains an API(s) in either

the liquid or solid state and is intended for administration

as a fine mist of small aqueous droplets. The droplets may

be generated by means other than the use of a volatile

propellant (see Aerosols). The mechanism for droplet

generation and the intended use of the preparation dis-

tinguish the various classes of sprays. A spray ismay be

composed of a pump, container, valve, actuator, and

nozzle in addition to the formulation containing the

drug(s), solvents, and excipients. Each component plays

a role in determining the critical characteristics of the

mist of fine droplets. Droplet size and size distribution,

uniformity of delivery of dose, plume geometry, and

droplet velocity are critical parameters that influence

the efficiency of drug delivery. When the preparation is

supplied as a multi-dose container, the addition of a suit-

able antimicrobial preservative may be necessary.

Spray formulations intended for nasal or pulmonary

administration have an aqueous base. Nasal preparations

may be solutions, suspensions, or emulsions intended for

local or systemic effect. Nasal delivery may be employed

for APIs with high hepatic extraction ratios. Pulmonary

preparations typically are solutions, although appropri-

ately sized suspension formulations are permissible. Pre-

parations are usually isotonic and may contain excipients

to control pH and viscosity.

Metered-dose sprays typically require manually de-

pressing the top of the container to activate a metered

valve system. Depending on the design of the formula-

tion and the valve system, the droplets generated may

be intended for immediate inhalation through the

mouth and deposition in the pulmonary tree or for inha-

lation into the nose and deposition in the nasal cavity.

These preparations are commonly known as metered-

dose sprays. The design of the pump, container, valve,

actuator, nozzle, and formulation are critical to the per-

formance of the product.

Alternatively, sprays can be generated by package de-

signs that do not accurately control the volume of formu-

lation delivered. These presentations release the

formulation as a fine mist of droplets upon physical ma-

nipulation of the package by the patient. This generally

involves squeezing the sides of the container and expel-

ling the formulation through the nozzle of the container.

Finally, liquid sprays may be generated from solutions

by nebulization. This is a method for continuous genera-

tion of a fine mist of aqueous droplets from a API-con-

taining solution by application of the Venturi principle,

ultrasonic energy, or other suitable mechanical means.

The generated mist is directed to the patient for inhala-

tion, sometimes with the aid of an appropriate tube or

face mask. Although formulations for nebulization typi-

cally are solutions, they also may be fine suspensions or

emulsions.

PACKAGING

Containers typically are made of a rigid plastic, but

metal or glass may be suitable.

The nasal spray pump is designed to allow convenient

one-handed operation. The nasal spray nozzle is de-

signed so that it fits comfortably into the vestibule of

the nasal cavity and allows the plume to be directed to-

ward the appropriate region of the cavity.
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LABELING AND USE

Typical warning statements include:

� All inhalation sprays should indicate: "For Inhalation

Administration Only. Keep out of the reach of chil-

dren unless otherwise prescribed. Acoid spraying in-

to the eyes."

� All nasal sprays indicate: "For Intranasal Administra-

tion Only".

The device should contain a statement that patients

should seek advice and instruction from a health care

professional about the proper use of the device. Guid-

ance should be provided about the proper care and

cleaning of the device to prevent introduction of mi-

crobes into the pulmonary airways.

Refer to CDER Guidance for Industry: Nasal Spray and

Inhalation Solution, Suspension, and Spray Drug Prod-

ucts—Chemistry, Manufacturing, and Controls Documenta-

tion.

Many experts recommend the addition of a statement

that patients should seek advice and instruction from a

health care professional about the proper use of the de-

vice. Guidance should be provided about the proper care

and cleaning of the device to prevent introduction of mi-

crobes into the pulmonary airways.

Suppositories

Suppositories are dosage forms adapted for applica-

tion into the rectum. They usually melt, soften, or dis-

solve at body temperature. A suppository may have a

local protectant or palliative effect or may deliver an

API for systemic or local action.

Suppository bases typically include cocoa butter, gly-

cerinated gelatin, hydrogenated vegetable oils, mixtures

of polyethylene glycols of various molecular weights, and

fatty acid esters of polyethylene glycol. The suppository

base can have a notable influence on the release of the

API(s). Although cocoa butter melts quickly at body tem-

perature, it is immiscible with body fluids and this inhibits

the diffusion of fat-soluble APIs to the affected sites. Poly-

ethylene glycol is a suitable base for some antiseptics. In

cases when systemic action is desired, incorporating the

ionized rather than the non-ionized form of the API may

help maximize bioavailability. Although non-ionized APIs

partition more readily out of water-miscible bases such as

glycerinated gelatin and polyethylene glycol, the bases

themselves tend to dissolve very slowly, which slows

API release. Cocoa butter and its substitutes (e.g, Hard

Fat) perform better than other bases for allaying irritation

in preparations intended for treating internal hemor-

rhoids. Suppositories for adults are tapered at one or

both ends and usually weigh about 2 g each.

PREPARATION

Cocoa butter suppositories have cocoa butter as the

base and can be made by incorporating the finely divid-

ed API into the solid oil at room temperature and suitably

shaping the resulting mass or by working with the oil in

the melted state and allowing the resulting suspension to

cool in molds. A suitable quantity of hardening agents

may be added to counteract the tendency of some APIs

(such as chloral hydrate and phenol) to soften the base.

The finished suppository melts at body temperature.

A variety of vegetable oils, such as coconut or palm ker-

nel, modified by esterification, hydrogenation, or frac-

tionation, are used as cocoa butter substitutes to

obtain products that display varying compositions and

melting temperatures (e.g., Hydrogenated Vegetable Oil

and Hard Fat). These products can be designed to reduce

rancidity while incorporating desired characteristics such

as narrow intervals between melting and solidification

temperatures and melting ranges to accommodate for-

mulation and climatic conditions.
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APIs can be incorporated into glycerinated gelatin ba-

ses by addition of the prescribed quantities to a vehicle

consisting of about 70 parts of glycerin, 20 parts of gel-

atin, and 10 parts of water.

Several combinations of polyethylene glycols that have

melting temperatures that are above body temperature

are used as suppository bases. Because release from these

bases depends on dissolution rather than on melting,

there are significantly fewer problems in preparation

and storage than is the case for melting-type vehicles.

However, high concentrations of higher molecular

weight polyethylene glycols may lengthen dissolution

time, resulting in problems with retention.

Several non-ionic surface-active agents closely related

chemically to the polyethylene glycols can be used as

suppository vehicles. Examples include polyoxyethylene

sorbitan fatty acid esters and the polyoxyethylene stea-

rates. These surfactants are used alone or in combination

with other suppository vehicles to yield a wide range of

melting temperatures and consistencies. A notable ad-

vantage of such vehicles is their water dispersibility. How-

ever, care must be taken with the use of surfactants

because they may either increase the rate of API absorp-

tion or interact with the API to reduce therapeutic activ-

ity.

Compounding suppositories using a suppository base

typically involves melting the suppository base and disso-

lution or dispersion of the API in the molten base (see

Pharmaceutical Compounding—Nonsterile Preparations

h795i). When compounding suppositories, the manufac-

turer or compounding professional prepares an excess

amount of total formulation to allow the prescribed

quantity to be accurately dispensed. In compounding

suppositories, avoid caustic or irritating ingredients, care-

fully select a base that will allow the API to provide the

intended effect, and in order to minimize abrasion of

the rectal membranes, reduce solid ingredients to the

smallest reasonable particle size. A representative num-

ber of the compounded suppositories should be

weighed to confirm that none is less than 90% or more

than 110% of the average weight of all units in the batch.

STORAGE AND USE

Suppositories typically are provided in unit-dose pack-

aging with storage instructions to prevent melting of the

suppository base. Suppositories with cocoa butter base

require storage in well-closed containers, preferably at

a temperature below 308(controlled room temperature).

Glycerinated gelatin suppositories require storage in

tight containers, preferably at a temperature below 28.

Although polyethylene glycol suppositories can be

stored without refrigeration, they should be packaged

in tightly closed containers.

Include instructions about insertion procedures to en-

sure ease of use and absorption. Labels on polyethylene

glycol suppositories should contain directions that they

be moistened with water before insertion.

Suspensions

A suspension is a biphasic preparation consisting of sol-

id particles dispersed throughout a liquid phase. Suspen-

sion dosage forms may be formulated for specific routes

of administration such as oral suspensions, topical sus-

pensions, or suspensions for aerosols (see Aerosols). Some

suspensions are prepared and ready for use, and others

are prepared as solid mixtures intended for reconstitu-

tion with an appropriate vehicle just before use. The term

‘‘milk’’ is sometimes used for suspensions in aqueous ve-

hicles intended for oral administration (e.g., Milk of Mag-

nesia). The term ‘‘magma’’ is often used to describe

suspensions of inorganic solids, such as clays in water,

that display a tendency toward strong hydration and ag-

gregation of the solid, giving rise to gel-like consistency

and thixotropic rheological behavior (e.g., Bentonite

Magma). The term ‘‘lotion’’ may refer to a suspension
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dosage form although the liquid phase in these prepara-

tions is commonly an emulsion intended for application

to the skin (e.g., Calamine Topical Suspension; see Emul-

sions). Some suspensions are prepared in sterile form

and are used as injectables (see Injections h1i). Other ster-

ile suspensions are for ophthalmic or otic administration.

Suspensions generally are not injected intravenously, epi-

durally, or intrathecally unless the product labeling clear-

ly specifies these routes of administration.

Limited aqueous solubility of the API(s) is the most

common rationale for developing a suspension. Other

potential advantages of a suspension include taste mask-

ing and improved patient compliance because of the

more convenient dosage form. When compared to solu-

tions, suspensions have improved chemical stability. Ide-

ally, a suspension should contain small uniform particles

that are readily suspended and easily re-dispersed follow-

ing settling. Unless the dispersed solid is colloidal, the

particulate matter in a suspension likely will settle to

the bottom of the container upon standing. Such sedi-

mentation may lead to caking and solidification of the

sediment and difficulty in re-dispersing the suspension

upon agitation. To prevent such problems, manufactur-

ers commonly add ingredients to increase viscosity and

the gel state of the suspension or flocculation, including

clays, surfactants, polyols, polymers, or sugars. Frequent-

ly, thixotropic vehicles are employed to counter particle-

settling tendencies, but these vehicles must not interfere

with pouring or re-dispersal. Additionally, the density of

the dispersed phase and continuous phase may be mod-

ified to further control settling rate. For topical suspen-

sions, rapid drying upon application is desirable.

The product is both chemically and physically stable

throughout its shelf life. Temperature can influence the

viscosity (and thus suspension properties and the ease

of removing the dose from the bottle), and temperature

cycling can lead to changes in the particle size of the dis-

persed phase via Ostwald ripening. When manufacturers

conduct stability studies to establish product shelf life

and storage conditions, they should cycle conditions

(freeze/thaw) to investigate temperature effects.

All suspensions Unless studies confirm that the formu-

lation will not support microbial growth, suspensions

should contain suitable antimicrobial agents to protect

against bacterial, yeast, and mold contamination (see

Antimicrobial Effectiveness Testing h51i) or other appropri-

ate measures should be taken to avoid microbial contam-

ination.

Suspensions for reconstitution are dry powder or gran-

ular mixtures that require the addition of water or a sup-

plied formulated diluent before administration. This

formulation approach is frequently used when the chem-

ical or physical stability of the API or suspension does not

allow sufficient shelf life for a preformulated suspension.

Typically, these suspensions are refrigerated after recon-

stitution to increase their shelf life. For this type of sus-

pension, the powder blend is uniform and the powder

readily disperses when reconstituted. Taste of the recon-

stituted suspension is also an important attribute because

many suspensions are used for pediatric populations.

Injectable suspensions generally are intended for either

subcutaneous or intramuscular routes of administration

and should have a controlled particle size, typically in

the range of 5 mm or smaller. The rationale for the devel-

opment of injectable suspensions includes poor API solu-

bility, improved chemical stability, prolonged duration of

action, and avoidance of first-pass metabolism. Care is

needed in selecting the sterilization technique because

it may affect product stability or alter the physical proper-

ties of the material.

PREPARATION

Suspensions are prepared by adding suspending

agents or other excipients and purified water or oil to sol-

id APIs and mixing to achieve uniformity. In the prepara-
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tion of a suspension, the characteristics of both the dis-

persed phase and the dispersion medium should be con-

sidered. During development manufacturers should

define an appropriate particle size distribution for the

suspended material to minimize the likelihood of particle

size changes during storage.

In some instances the dispersed phase has an affinity

for the vehicle and is readily wetted upon its addition.

For some materials the displacement of air from the solid

surface is difficult, and the solid particles may clump to-

gether or float on top of the vehicle. In the latter case, a

wetting agent is used to facilitate displacement of air

from the powder surface. Surfactants, alcohol, glycerin,

and other hydrophilic liquids can be employed as wet-

ting agents when an aqueous vehicle will be used as

the dispersion phase. These agents function by displac-

ing the air in the crevices of the particles and dispersing

the particles. In the large-scale preparation of suspen-

sions, wetting of the dispersed phase may be aided by

the use of high-energy mixing equipment such as colloid

mills or other rotor–stator mixing devices.

After the powder has been wetted, the dispersion me-

dium (containing the soluble formulation components

such as colorants, flavorings, and preservatives) is added

in portions to the powder, and the mixture is thoroughly

blended before subsequent additions of the vehicle. A

portion of the vehicle is used to wash the mixing equip-

ment free of suspended material, and this portion is used

to bring the suspension to final volume and ensure that

the suspension contains the desired concentration of sol-

id matter. The final product may be passed through a col-

loid mill or other blender or mixing device to ensure

uniformity. When appropriate necessary, preservatives

are included in the formulation of suspensions to protect

against bacterial and mold contamination.

Suspensions are shaken before the dose is dispensed.

Because of the viscosity of many suspension vehicles,

air entrainment may occur during dosing. The formula-

tion process allows evaluation of this possibility; adjust-

ments in vehicle viscosity or the incorporation of low

levels of antifoaming agents are common approaches

to minimize air entrainment. Alternatively, specific in-

structions for shaking the formulation may be provided

to minimize air incorporation and ensure accurate

dosing.

PACKAGING AND STORAGE

Individual monographs specify the packaging and

storage requirements for suspension products. Typically,

the monograph will indicate a container type such as

tight, well-closed, or light-resistant and may indicate

storage conditions such as controlled room temperature.

For additional information about meeting packaging re-

quirements listed in the individual monographs, refer to

Containers—Glass h660i, Containers—Plastic h661i, Con-

tainers—Performance Testing h671i, Good Packaging Prac-

tices h1177i, and the General Notices for statements

about preservation, packaging, storage, and labeling.

Acceptable suspension of the particulate phase de-

pends on the particle size of the dispersed phase as well

as the viscosity and density of the vehicle. Clear instruc-

tion is provided regarding the appropriate storage tem-

perature for the product because temperature can

influence the viscosity and density (that affect suspension

properties and the ease of removal of the dose from the

bottle), and temperature cycling can lead to changes in

particle size of the dispersed phase. Suspensions require

storage in tight containers. Avoid freezing.

LABELING AND USE

Instructions to ensure proper dosing and administra-

tion must accompany the product. When labeling a sus-

pension, consider any air that might be entrained in the

preparation as a result of shaking, and avoid such en-
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trainment. Compounded suspensions should indicate a

beyond-use date that is calculated from the time of com-

pounding. Suspensions are shaken well before use to en-

sure uniform distribution of the solid in the vehicles.

Tablets

Tablets are solid dosage forms in which the API is

blended with excipients and compressed into the final

dosage. Tablets are the most widely used dosage form

in the U.S. Tablet presses use steel punches and dies to

prepare compacted tablets by the application of high

pressures to powder blends or granulations. Tablets can

be produced in a wide variety of sizes, shapes, and sur-

face markings. Capsule-shaped tablets are commonly re-

ferred to as caplets. Specialized tablet presses may be

used to produce tablets with multiple layers or with spe-

cially formulated core tablets placed in the interior of the

final dosage form. These specialized tablet presentations

can delay or extend the release of the API(s) or physically

separate incompatible APIs. Tablets may be coated by a

variety of techniques to provide taste masking, protec-

tion of photo-labile API(s), extended or delayed release,

or unique appearance (colors). When no deliberate effort

has been made to modify the API release rate, tablets are

referred to as immediate-release.

Tablet Triturates—Small, usually cylindrical, molded

or compacted tablets. Tablet triturates traditionally were

used as dispensing tablets in order to provide a conve-

nient, measured quantity of a potent API for compound-

ing purposes, but they are rarely used today.

Hypodermic Tablets—Molded tablets made from

completely and readily water-soluble ingredients; for-

merly intended for use in making preparations for hypo-

dermic injection. They may be administered orally or

sublingually when rapid API availability is required, as in

the case of Nitroglycerin Sublingual Tablets.

Bolus Tablets—Large, usually elongated, tablets in-

tended for administration to large animals. Conventional

tableting processes can be used to manufacture bolus

tablets, but due to their size higher compression forces

may be necessary.

Buccal Tablets—Intended to be inserted in the buc-

cal pouch, where the API is absorbed directly through the

oral mucosa. Few APIs are readily absorbed in this way

(examples are nitroglycerin and certain steroid hor-

mones).

Effervescent Tablets—Prepared by compaction and

contain, in addition to the API(s), mixtures of acids (e.g.,

citric acid or tartaric acid) and carbonates and/or hydro-

gen carbonates. Upon contact with water, these formu-

lat ions re lease carbon dioxide, producing the

characteristic effervescent action.

Hard and Soft Chewable Tablets—Formulated and

manufactured to produce a pleasant-tasting residue in

the mouth and to facilitate swallowing. Hard chewable

tablets are prepared by compaction, usually utilizing

mannitol, sorbitol, or sucrose as binders and fillers, and

contain colors and flavors to enhance their appearance

and taste. Tablets that are labeled as "chewable" must

be chewed prior to swallowing to ensure reliable release

of the API(s) or to facilitate swallowing.

Certain other tablets may be chewed, but should not

be so-titled, i.e., reference to "chewable" is only indicated

in the ancillary labeling statement.

Hard chewable tablets in veterinary medicine often

have flavor enhancers like brewers yeast or meat/fish-

based flavors. Soft chewable tablets are made by a mold-

ing or extrusion process, frequently with more than 10%

water to help maintain a pliable, soft product.

Modified-Release Tablets—There are two cate-

gories of modified-release tablet formulations recognized

by the Pharmacopeia, Delayed-Release and Extended-Re-

lease.
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Delayed-Release Tablets—Tablets sometimes are

formulated with enteric coatings to protect acid-labile

APIs from the gastric environment or to prevent adverse

events such as irritation.

Extended-Release Tablets—Extended-release tab-

lets are formulated in such a manner as to make the

API available over an extended period of time following

ingestion. Expressions such as "prolonged-release", "re-

peat-action", "controlled-release", and "sustained-re-

lease" have also been used to describe such dosage

forms. However, the term "extended-release" is used for

Pharmacopeial purposes. Requirements for dissolution

(see Dissolution h711i) typically are specified in the indi-

vidual monographs.

Orally Disintegrating Tablets—Intended to disin-

tegrate rapidly within the mouth to provide a fine disper-

sion before the patient swallows the resulting suspension

where the API is intended for gastro-intestinal delivery

and/or absorption. Some of these dosage forms have

been formulated to facilitate rapid disintegration and

are manufactured by conventional means or by using ly-

ophilization or molding processes. Further details may be

found in the CDER Guidance for Industry: Orally Disinte-

grating Tablets.

Sublingual Tablets—Intended to be inserted be-

neath the tongue, where the API is absorbed directly

through the oral mucosa. As with buccal tablets, few APIs

are extensively absorbed in this way, and much of the API

is swallowed and is available for gastrointestinal absorp-

tion.

PREPARATION

Most compacted (compressed) tablets consist of the

API(s) and a number of excipients. These excipients

may include fillers (diluents), binders, disintegrating

agents, lubricants, and glidants. Approved FD&C and

D&C dyes or lakes, flavors, and sweetening agents also

may be present.

Fillers or diluents are added when the quantity of API(s)

is too small or the properties of the API do not allow sat-

isfactory compaction in the absence of other ingredients.

Binders impart adhesiveness to the powder blend and

promote tablet formation and maintenance of API uni-

formity in the tableting mixture. Disintegrating agents

facilitate reduction of the tablet into small particles upon

contact with water or biological fluids. Lubricants reduce

friction during the compaction and ejection cycles. Gli-

dants improve powder fluidity, powder handling proper-

ties, and tablet weight control. Colorants are often

added to tablet formulations for esthetic value or for pro-

duct identification.

Tablets are prepared from formulations that have been

processed by one of three general methods: wet granu-

lation, dry granulation (roll compaction or slugging),

and direct compression.

Wet Granulation—Involves the mixing of dry pow-

ders with a granulating liquid to form a moist granular

mass that is dried and sized prior to compression. It is

particularly useful in achieving uniform blends of low-

dose APIs and facilitating the wetting and dissolution of

poorly soluble, hydrophobic APIs.

Dry Granulations—Can be produced by passing

powders between rollers at elevated pressure (roll com-

paction). Alternatively, dry granulation also can be car-

ried out by the compaction of powders at high

pressures on tablet presses, a process also known as slug-

ging. In either case the compacts are sized before com-

pression. Dry granulation improves the flow and

handling properties of the powder formulation without

involving moisture in the processing.

Direct Compression—Tablet processing involves dry

blending of the API(s) and excipients followed by com-

pression. The simplest manufacturing technique, direct
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compression is acceptable only when the API and excip-

ients possess acceptable flow and compression proper-

ties without prior process steps.

Tablets may be coated to protect the ingredients from

air, moisture, or light; to mask unpleasant tastes and

odors; to improve tablet appearance; and to reduce dust-

iness. In addition, coating may be used to protect the API

from acidic pH values associated with gastric fluids or to

control the rate of drug release in the gastrointestinal

tract.

The most common coating in use today is a thin film

coating composed of a polymer that is derived from cel-

lulose. Sugar coating is an alternative, less common ap-

proach. Sugar-coated tablets have considerably thicker

coatings that are primarily sucrose with a number of in-

organic diluents. A variety of film-coating polymers are

available and enable the development of specialized re-

lease profiles. These formulations are employed to pro-

tect ac id- lab i le APIs f rom the ac id ic stomach

environment as well as to prolong the release of the

API to reduce dosing frequency (see Dissolution h711i

or Disintegration h701i).

PACKAGING, STORAGE, AND LABELING

Individual monographs specify the packaging and

storage requirements for tablet products. Typically, the

monograph will indicate the container type such as tight,

well-closed, or light-resistant. For additional information

on meeting USP packaging requirements see Con-

tainers—Glass h660i,Containers—Plastic h661i, and Con-

tainers—Performance Testing h671i. Effervescent tablets

are stored in tightly closed containers or moisture-proof

packs and are labeled to indicate that they should not be

swallowed directly.

Tapes

A tape is a dosage form suitable for delivering APIs to

the skin. It consists of an API(s) impregnated into a dura-

ble yet flexible woven fabric or extruded synthetic mate-

rial that is coated with an adhesive agent. Typically the

impregnated API is present in the dry state. The adhesive

layer is designed to hold the tape securely in place with-

out the aid of additional bandaging. Unlike transdermal

patches, tapes are not designed to control the release

rate of the API.

The API content of tapes is expressed as amount per

surface area with respect to the tape surface exposed

to the skin. The use of an occlusive dressing with the tape

enhances the rate and extent of delivery of the API to

deeper layers of the skin and may result in greater sys-

temic absorption of the API.

LABELING, STORAGE, AND USE

Label to indicate ‘‘External Use Only’’. Tapes are stored

in tight containers protected from light and moisture. To

employ the tape, one cuts a patch slightly larger than the

area that will be treated. The backing paper is removed

from the adhesive side, and the tape is applied to the

skin. To ensure optimal adhesion, the tape should not

be applied to folds in the skin. To minimize systemic ab-

sorption and to ensure good adhesion, tapes should be

applied to dry skin.

GLOSSARY

This glossary provides definitions for terms in use in

medicine and serves as a source of official names for of-

ficial articles except when the definition specifically states

that the term is not to be used in article names. Examples

of general nomenclature forms for the more frequently

encountered categories of dosage forms appear in No-

menclature h1121i. In an attempt to be comprehensive,
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this glossary was compiled without the limits imposed by

current preferred nomenclature conventions. To clearly

identify/distinguish preferred from not preferred terms,

entries indicate when a term is not preferred and direct

the user to the current preferred term. When a term is

described as an attribute of a dosage form, it should

not be used in the official name for the dosage form it

is intended to distinguish the term from those used for

actual dosage form titles. While attribute terms are typi-

cally not used as the official name for the dosage form,

when they are used they identify a specialized presenta-

tion of the dosage form. For example, the attribute,

chewable, may be used with the dosage form term, tab-

lets, to identify a specific type of tablet that must be

chewed prior to swallowing.

AEROSOL: A dosage form consisting of a liquid or solid

preparation packaged under pressure and intended

for administration as a fine mist. The descriptive term

aerosol also refers to the fine mist of small droplets or

solid particles that are emitted from the product.

AROMATIC WATER (NOT PREFERRED; see Solution): A clear,

saturated, aqueous solution of volatile oils or other

aromatic or volatile substances.

AURAL (Auricular) (NOT PREFERRED; see Otic): For admin-

istration into, or by way of, the ear.

BEAD (NOT PREFERRED; see Pellets): A solid dosage form

in the shape of a small sphere. In most products a u-

nit dose consists of multiple beads.

BLOCKS: A large veterinary product intended to be

licked by animals and containing the API(s) and nu-

trients such as salts, vitamins, and minerals.

BOLUS (NOT PREFERRED; see Tablet): A large tablet in-

tended for administration to large animals.

CAPLET (NOT PREFERRED; see Tablet): Tablet dosage form

in the shape of a capsule.

CAPSULE: A solid dosage form in which the API, with or

without other ingredients, is filled into either a hard

or soft shell. Most capsule shells are composed main-

ly of gelatin.

CHEWABLE: Attribute of a solid dosage form that is in-

tended to be chewed before swallowing.

COATED: Attribute of a solid dosage form that is cov-

ered by deposition of an outer solid that is different

in composition from the core material.

COLLODION (NOT PREFERRED; see Solution): A prepara-

tion that is a solution dosage form composed of pyr-

oxilin dissolved in a solvent mixture of alcohol and

ether and applied externally.

COLLODIAL DISPERSION: A system in which particles of

colloidal dimension (i.e., typically between 1 nm

and 1 mm) are distributed uniformly throughout a

liquid An attribute of a preparation or formulation

in which particles of colloidal dimension (i.e., typical-

ly between 1 nm and 1 mm) are distributed uniformly

throughout a liquid.

CONCENTRATE: A liquid or solid preparation of higher

concentration and smaller volume than the final dos-

age form; usually intended to be diluted prior to ad-

ministration. The term continues to be used for

veterinary preparations but is being phased out of

USP–NF titles for human applications.

CONVENTIONAL-RELEASE (NOT PREFERRED; see Immediate-

Release): Descriptive term for a dosage form in which

no deliberate effort has been made to modify the re-

lease rate of the API. In the case of capsules and tab-

lets, the inclusion or exclusion of a disintegrating

agent is not interpreted as a modification.This term

is not used in article names.

CREAM: An emulsion dosage form often containing

more than 20% water and/or volatiles or containing

less than 50% hydrocarbons, waxes, or polyols as the
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vehicle for the API. Creams are generally intended for

external application to the skin or mucous mem-

branes.

DELAYED-RELEASE: A type of modified-release dosage

form. A descriptive term for a dosage form deliber-

ately modified to delay release of the API for some

period of time after initial administration. Release of

the API is prevented in the gastric environment but

promoted in the intestinal environment; this term

is synonymous with Enteric-Coated or Gastro-Resis-

tant.

DENTAL: Descriptive term for a preparation that is ap-

plied to the teeth and/or gums for localized action.

DERMAL: Route of administration to the skin surface. A

topical route of administration where the article is in-

tended to reach or be applied to the dermis.

DOSAGE FORM: A formulation that typically contains

the API(s) and excipients in quantities and physical

form designed to allow the accurate and efficient ad-

ministration of the API to the human or animal pa-

tient. This term is not used in article names.

DRY POWDER INHALER: A dosage form consisting of a

mixture of the API(s) and carrier; all components ex-

ist in a finely divided solid state that is mobilized into

a fine mist upon the oral inhalation by the patient. A

device used to administer an inhalation powder in a

finely divided state suitable for oral inhalation by the

patient. This term is not used in article names.

EFFERVESCENT: Attribute of an oral dosage form, fre-

quently tablets or granules, containing ingredients

that, when in contact with water, rapidly release car-

bon dioxide. The dosage form is dissolved or dis-

persed in water to initiate the effervescence prior to

ingestion.

ELIXIR (NOT PREFERRED; see Solution): A preparation that

typically is a clear, flavored, sweetened hydroalco-

holic solution intended for oral use. The term is no

longer used should not be used for new articles in

USP–NF but is commonly encountered in com-

pounding pharmacy practice.

EMOLLIENT: Attribute of a cream or ointment indicat-

ing an increase in the moisture content of the skin

following application of bland, fatty, or oleaginous

substances. This term should not be used in article

names.

EMULSION: A dosage form consisting of a two-phase

system composed of at least two immiscible liquids,

one of which is dispersed as droplets (internal or dis-

persed phase) within the other liquid (external or

continuous phase), generally stabilized with one or

more emulsifying agents. Emulsion is not used as a

dosage form term if a more specific term is applica-

ble (e.g., Cream, Lotion, or Ointment).

ENTERIC-COATED (NOT PREFERRED; see Delayed-Release):

Descriptive term for a solid dosage form in which a

polymer coating has been applied to prevent the re-

lease of the API in the gastric environment.

EXCIPIENT: An ingredient of a dosage form other than

an API. This term is not used in article names.

EXTENDED-RELEASE: Descriptive term for a dosage form

that is deliberately modified to protract the release

rate of the API compared to that observed for an im-

mediate-release dosage form. The term is synony-

mous with prolonged- or sustained-release. Many

extended-release dosage forms have a pattern of re-

lease that begins with a ‘‘burst effect’’ that mimics an

immediate release followed by a slower release of the

remaining API in the dosage form.

FEED ADDITIVE: A preparation used in veterinary medi-

cine that is mixed with an animal’s food or water to

deliver the API. Three types exist: type A medicated

article, type B medicated feed, and type C medicated

feed. Only type C medicated feed preparations con-

tain the API(s) in concentrations appropriate for ad-

ministration directly to animals.
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FILM: A term used to describe a thin, flexible sheet of

material, usually composed of a polymer in an amor-

phous state. films are applied to solid dosages for

taste masking, product identification, and aesthetic

purposes. Films are also employed as a means of oral

administration of material in a rapidly dissolving

form. A term used to describe a thin, flexible sheet

of material, usually composed of a polymer. Films

are used in various routes of administration including

as a means of oral administration of material in a rap-

idly dissolving form. The term, film, also may be used

as an attribute when applied to solid oral dosage

forms for taste masking, product identification, and

aesthetic purposes.

FOAM: An emulsion dosage form containing dis-

persed gas bubbles. When dispensed it has a fluffy,

semisolid consistency.

GAS: One of the states of matter having no definite

shape or volume and occupying the entire container

when confined.

GASTRO-RESISTANT (NOT PREFERRED; see Delayed-Release):

Descriptive term for a solid dosage form in which a

polymer coating has been applied to prevent the re-

lease in the gastric environment.

GEL: A dosage form that is a semisolid dispersion of

small inorganic particles or a solution of large organ-

ic molecules containing a gelling agent to provide

stiffness. A gel may contain suspended particles.

GRANULES (NOT PREFERED): A dosage form composed of

dry aggregates of powder particles that may contain

one or more APIs, with or without other ingredients.

They may be swallowed as such, dispersed in food,

or dissolved in water. Granules are frequently com-

pacted into tablets or filled into capsules, with or

without additional ingredients.

GUM: A dosage form in which the base consists of a

pliable material that, when chewed, releases the API

into the oral cavity.

HARD-SHELL CAPSULE (NOT PREFERRED; see Capsules): A

type of capsule in which one or more APIs, with or

without other ingredients, are filled into a two-piece

shell. Most hard-shell capsules are composed mainly

of gelatin and are fabricated prior to the filling oper-

ation.

IMMEDIATE-RELEASE: Descriptive term for a dosage form

in which no deliberate effort has been made to mod-

ify the API release rate. In the case of capsules and

tablets, the inclusion or exclusion of a disintegrating

agent is not interpreted as a modification. This term

is not used in article names.

IMPLANT: A dosage form that is a solid or semisolid

material containing the API, that is inserted into the

body. The insertion process is invasive, and the ma-

terial is intended to reside at the site for a period con-

sistent with the design release kinetics or profile of

the API(s).

INHALATION (BY INHALATION): A route of administration

for aerosols characterized by dispersion of the API in-

to the airways during inspiration.

BY INJECTION: A route of administration of a liquid or

semisolid deposited into a body cavity, fluid, or tissue

by use of a needle.

INSERT: A solid dosage form that is inserted into a

body cavity other than the rectum. A suppository is

intended for application to the rectum and is not

classified as an insert (see Suppository).

INTRAOCULAR: A route of administration (by injection)

for sterile liquid to deliver a sterile preparation within

the eye.

IRRIGATION: A sterile solution or liquid intended to

bathe or flush open wounds or body cavities.

JELLY (NOT PREFERRED; see Gel): A semisolid dispersion

of small inorganic particles or a solution of large or-

ganic molecules containing a gelling agent to pro-

mote stiffness.
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LIQUID: A dosage form consisting of a pure chemical

in its liquid state. This dosage form term should not

be applied to solutions. The term is not used in article

names. When liquid is used as a descriptive term, it

indicates a material that is pourable and conforms to

its container at room temperature.

LOTION: An emulsion liquid dosage form applied to

the outer surface of the body. Historically, this term

has also been applied to suspensions and solutions.

LOZENGE: A solid dosage form intended to disinte-

grate or dissolve slowly in the mouth.

MODIFIED-RELEASE: A descriptive term for a dosage

form with an API release pattern that has been deli-

berately changed from that observed for the imme-

diate-release dosage form of the same API. This term

is not used in article names.

MOLDED TABLET (NOT PREFERRED; see Pills): A tablet that

has been formed by dampening the ingredients and

pressing into a mold, then removing and drying the

resulting solid mass. This term is not used in article

names.

MOUTHWASH (NOT PREFERRED; see Solution): Term ap-

plied to a solution preparation used to rinse the oral

cavity.

NASAL: Route of administration (mucosal) character-

ized by deposition in the nasal cavity for local or sys-

temic effect.

OCULAR (NOT PREFERRED; see Intraocular): Route of ad-

ministration indicating deposition of the API within

the eye.

OINTMENT: A semisolid dosage form, usually contain-

ing less than 20% water and volatiles and more than

50% hydrocarbons, waxes, or polyols as the vehicle.

This dosage form generally is for external application

to the skin or mucous membranes.

OPHTHALMIC: A route of administration characterized

by application of sterile preparation to the external

parts of the eye.

ORAL: A route of administration (gastro-intestinal)

characterized by deposition of a preparation into

the mouth for absorption or action in the digestive

tract.

ORALLY DISINTEGRATING: A descriptive term for a solid

oral dosage form that disintegrates rapidly in the

mouth prior to swallowing. The API is intended for

gastro-intestinal delivery and/or absorption. See also

CDER Guidance for Industry, Orally Disintegrating Tab-

lets.

ORO-PHARYNGEAL: A route of administration (mucosal)

characterized by deposition of a preparation into the

buccal cavity and/or pharyngeal region to exert a lo-

cal or systemic effect.

OTIC: A route of administration (mucosal) character-

ized by deposition of a preparation into, or by way

of, the ear. Sometimes referred to as Aural (Aural

NOT PREFERRED).

PASTE: A semisolid dosage form containing a high per-

centage (e.g., 20–50%) of finely dispersed solids

with a stiff consistency. This dosage form is intended

for application to the skin, oral cavity, or mucous

membranes.

PATCH: (NOT PREFERRED but frequently incorrectly used

to describe a TRANSDERMAL SYSTEM)

PELLET: A small solid dosage form of uniform, often

spherical, shape. Spherical pellets are sometimes re-

ferred to as Beads (Beads NOT PREFERRED). Pellets in-

tended as implants must be sterile.

PERIODONTAL: Descriptive term for a preparation that

is applied around a tooth for localized action.

PILL (NOT PREFERRED but frequently incorrectly used to

describe a Tablet): A solid spherical pharmaceutical

dosage form, usually prepared by a wet massing

technique. This term is not used in article names.

PLASTER: A semisolid dosage form dosage form con-

taining a semisolid composition supplied on a sup-

port material for external application. Plasters are
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applied for prolonged periods of time to provide pro-

tection, support, or occlusion (for macerating ac-

tion).

POWDER: A dosage form composed of a solid or mix-

ture of solids reduced to a finely divided state and in-

tended for internal or external use.

POWDER, INHALATION: A powder containing API for oral

inhalation. The powder is used with a device that

aerosolizes and delivers an accurately metered

amount.

PROLONGED-RELEASE: (NOT PREFERRED; see Extended-Re-

lease)

RECTAL: A route of administration (mucosal) charac-

terized by deposition into the rectum to provide lo-

cal or systemic effect.

RINSE: A liquid preparation used to cleanse by flush-

ing.

SEMISOLID: Attribute of a material characterized by a

reduced ability to flow or conform to its container

at room temperature. A semisolid does not flow at

low shear stress and generally exhibits plastic flow

behavior. This term is not used in article names.

SHAMPOO: A solution or suspension dosage form used

to clean the hair and scalp. May contain an API in-

tended for topical application to the scalp.

SOAP: The alkali salt(s) of a fatty acid or mixture of fat-

ty acids used to cleanse the skin. Soaps used as dos-

age forms may contain an API intended for topical

application to the skin. Soaps have also been used

as liniments and enemas.

SOFT GEL CAPSULE (NOT PREFERRED; see Capsule): A specif-

ic capsule type characterized by increased levels of

plasticizers producing a more pliable and thicker-

walled material than hard gelatin capsules. Soft gel

capsules are further distinguished because they are

single-piece sealed dosages. Frequently used for de-

livering liquid compositions.

SOLUTION: A clear, homogeneous liquid dosage form

that contains one or more chemical substances dis-

solved in a solvent or mixture of mutually miscible

solvents.

SPIRIT (NOT PREFERRED; see Solution): A liquid dosage

form composed of an alcoholic or hydroalcoholic so-

lution of volatile substances.

SPRAY: Attribute that describes the generation of

droplets of a liquid or solution to facilitate applica-

tion to the intended area.

STENT, DRUG-ELUTING: A specialized form of implant

used for extended local delivery of the API to the im-

mediate location of stent placement.

STRIP (NOT PREFERRED; see Tape): A dosage form or de-

vice in the shape of a long, narrow, thin solid mate-

rial.

SUBLINGUAL: A route of administration (mucosal) char-

acterized by placement underneath the tongue and

for release of the API for absorption in that region.

SUPPOSITORY: A solid dosage form in which one or

more APIs are dispersed in a suitable base and mold-

ed or otherwise formed into a suitable shape for in-

sertion into the rectum to provide local or systemic

effect.

SUSPENSION: A liquid dosage form that consists of sol-

id particles dispersed throughout a liquid phase.

SYRUP (NOT PREFERRED; see Solution): A solution con-

taining high concentrations of sucrose or other sug-

ars. This term is commonly used in compounding

pharmacy.

TABLET: A solid dosage form prepared from powders

or granules by compaction.

TAPE, MEDICATED: A dosage form or device composed

of a woven fabric or synthetic material onto which an

API is placed, usually with an adhesive on one or

both sides to facilitate topical application.
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TINCTURE (NOT PREFERRED; see Solution): An alcoholic or

hydroalcoholic solution prepared from vegetable

materials or from chemical substances.

TOPICAL: A route of administration characterized by

application to the outer surface of the body.

TRANSDERMAL SYSTEM: Dosage forms designed to deliv-

er the API(s) through the skin into the systemic circu-

lation. Transdermal systems are typically composed

of an outer covering (barrier), a drug reservoir (that

may incorporate a rate-controlling membrane), a

contact adhesive to affix the transdermal system to

the administration site, and a protective layer that

is removed immediately prior to application of the

transdermal system.

TROCHE (NOT PREFERRED; see Lozenge): A solid dosage

form intended to disintegrate or dissolve slowly in

the mouth and usually prepared by compaction in

a manner similar to that used for tablets.

URETHRAL: A route of administration (mucosal) charac-

terized by deposition into the urethra.

VAGINAL: A route of administration (mucosal) charac-

terized by deposition into the vagina.

VEHICLE: A term commonly encountered in com-

pounding pharmacy that refers to a component for

internal or external use that is used as a carrier or dil-

uent in which liquids, semisolids, or solids are dis-

solved or suspended. Examples include water,

syrups, elixirs, oleaginous liquids, solid and semisolid

carriers, and proprietary products (see Excipient).

This term is not used in article names.

VETERINARY: Descriptive term for dosage forms intend-

ed for nonhuman use.~USP35

BRIEFING

h1226i Verification of Compendial Procedures, USP 32
page 736. The General Chapters Expert Committee proposes to
add wording in this general information chapter that clarifies
the purpose and scope of the verification process. The word
‘‘method’’ is replaced by ‘‘procedure’’ where appropriate.

(GC: H. Pappa) RTS—C93243

Change to read:

VERIFICATION PROCESS

~The verification process for compendial test procedures

is the assessment of whether the procedure can be used

for its intended purpose, under the actual conditions of

use for a specified drug substance and/or drug product

matrix.~USP35

Users should have the appropriate experience, knowledge,
and training to understand and be able to perform the com-
pendial procedures as written. Verification should be conduct-
ed by the user such that the results will provide confidence that
the compendial procedure will perform suitably as intended.

If the verification of the compendial procedure is not success-
ful, and assistance from USP staff has not resolved the problem,
it may be concluded that the procedure may not be suitable for
use with the article being tested in that laboratory. It may then
be necessary to develop and validate an alternate procedure as
allowed in the General Notices. The alternate procedure may be
submitted to USP, along with the appropriate data, to support a
proposal for inclusion or replacement of the current compen-
dial procedure.

Change to read:

VERIFICATION REQUIREMENTS

Verification requirements should be based on an assessment
of the complexity of both the procedure and the material to
which the procedure is applied. Although the complete revali-
dation of a compendial method is not required to verify the
suitability of the method

~

a procedure~USP35
under actual conditions of use, some of the analytical perfor-
mance characteristics listed in chapter h1225i, Table 2, may
be used for the verification process. Only those characteristics
that are considered to be appropriate for the verification of the
particular method

~

procedure~USP35
need to be evaluated.
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~

The process of assessing the suitability of a compendial

analytical test procedure under the conditions of actual

use may or may not require actual laboratory perfor-

mance of each analytical performance characteris-

tic.~USP35
The degree and extent of the verification process may depend
on the level of training and experience of the user, on the type
of procedure and its associated equipment or instrumentation,
on the specific procedural steps, and on which article(s) are be-
ing tested.

~

Verification should assess whether the compendial pro-

cedure is suitable for the drug substance, and/or the

drug product matrix taking into account the drug sub-

stance’s synthetic route, the method of manufacture

for the drug product, or both if applicable. Verification

should include an assessment of elements such as the ef-

fect of the matrix on the recovery of impurities and drug

substances from the drug product matrix, as well as, the

suitability of chromatographic conditions and column,

the appropriateness of detector signal response,

etc.~USP35

As an example, an assessment of specificity is a key parameter
in verifying that a compendial procedure is suitable for use in
assaying drug substances and drug products. For instance, ac-
ceptable specificity for a chromatographic method may be ver-
ified by conformance with system suitability resolution
requirements (if specified in the method

~

procedure).~USP35

However, drug substances from different suppliers may have
different impurity profiles that are not addressed by the com-
pendial test procedure. Similarly, the excipients in a drug pro-
duct can vary widely among manufacturers and may have the
potential to directly interfere with the procedure or cause the
formation of impurities that are not addressed by the compen-
dial procedure. In addition, drug products containing different
excipients, antioxidants, buffers, or container extractives may
potentially interfere with the compendial procedure

~

may affect the recovery of the drug substance from the

matrix.~USP35

In these cases, a more thorough assessment of specificity

~the matrix effects~USP35

may be required to demonstrate suitability of the method

~

procedure~USP35

for the particular drug substance or product. Other analytical
performance characteristics such as an assessment of the limit
of detection or quantitation and precision for impurities proce-
dures may be useful to demonstrate the suitability of the com-
pendial method

~

procedure~USP35

under actual conditions of use.
Verification is not required for basic compendial test proce-

dures that are routinely performed unless there is an indication
that the compendial procedure is not appropriate for the article
under test. Examples of basic compendial procedures include,
but are not limited to, loss on drying, residue on ignition, var-
ious wet chemical procedures such as acid value, and simple in-
strumental methods

~

determinations~USP35

such as pH measurements. However, for the application of al-
ready established routine procedures to compendial articles
tested for the first time, it is recommended that consideration
be given to any new or different sample handling or solution
preparation requirements.
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REAGENTS, INDICATORS,
AND SOLUTIONS

Reagent Specifications

BRIEFING

3,5-Dinitrobenzoyl Chloride, page R-1191 of the Second
Supplement to the USP33–NF28 Reissue. It is proposed to
correct the CAS number of this reagent.

(HDQ: M. Marques) RTS—C93869

Change to read:

3,5-Dinitrobenzoyl Chloride, C7H3ClN2O5—230.56
[74367-78-5

~

99-33-2~USP35]
—Pale yellow, crystalline powder. Freely soluble in dilute
sodium hydroxide solutions; soluble in alcohol. [Caution—
Corrosive, moisture-sensitive, lachrymator, and possible mutagen.
Store under nitrogen.]

Melting range h741i: between 698 and 718.
Solubility in sodium hydroxide—A solution of 500 mg in 25

mL of 1 N sodium hydroxide is clear or not more than faintly
turbid.

Residue on ignition—Ignite 1 g with 0.5 mL of sulfuric acid:
the residue weighs not more than 1 mg (0.1%).

BRIEFING

Nitric Acid, Diluted, page R-1205 of the First Supplement
to USP 33 Reissue. It is proposed to correct the volume of nitric
acid used to prepare this solution.

(HDQ: M. Marques) RTS—C93886

Change to read:

Nitric Acid, Diluted (10 percent HNO3), [7697-37-2]—
Dilute 105 mL

~

143 mL~USP35

of nitric acid with water to 1000 mL.

BRIEFING

Octanesulfonic Acid Sodium Salt, page R-1206 of the
Second Supplement of USP 33 Reissue. It is proposed to make
corrections to the chemical formula and the molecular weight.

(HDQ: M. Marques.) RTS—C94096

Change to read:

Octanesulfonic Acid Sodium Salt (Sodium 1-
octanesulfonate), C8H17NaO3S �H2O—234.29

~216.27~USP35

[5324-84-5]—Use a suitable grade with a content of not less
than 99.0%.

BRIEFING

Sodium 1-Octanesulfonate, page R-1222 of the Second
Supplement to USP 33 Reissue. It is proposed to cross-reference
this reagent to the reagent Octanesulfonic Acid Sodium Salt.

(HDQ: M. Marques) RTS—C94097

Change to read:

Sodium 1-Octanesulfonate C8H17NaO3S—216.27
[5324-84-5]—Use a suitable grade.

~

—See Octanesulfonic Acid Sodium Salt.~USP35

BRIEFING

Sodium Perchlorate, page R-1222 of the Second Supple-
ment to USP 33 Reissue. It is proposed to correct the CAS
number of this reagent.

(HDQ: M. Marques) RTS—C94104

Change to read:

Sodium Perchlorate, NaClO4 �H2O—140.46 [7601-89-0]

~

[7791-07-3]~USP35

—Use ACS reagent grade.

#2010 The United States Pharmacopeial Convention All Rights Reserved.
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BRIEFING

Sodium Phosphate, Dibasic, Heptahydrate. It is pro-
posed to add this new reagent used in the test for Organic
Impurities, Procedure 4 in the monograph for Fluconazole
Injection, also appearing in this issue of PF.

(HDQ: M. Marques) RTS—C86606

Add the following:

~Sodium Phosphate, Dibasic, Heptahydrate

(Disodium Hydrogen Phosphate Heptahydrate; Disodium

Phosphate), Na2HPO4 �7H2O—268.07[7782-85-6]—

Use ACS reagent grade.~USP35

BRIEFING

Sodium Pyrophosphate, page R-1222 of the Second
Supplement to USP 33 Reissue. It is proposed to correct the
CAS number and molecular weight of this reagent.

(HDQ: M. Marques) RTS—C94698

Change to read:

Sodium Pyrophosphate, Na4P2O7 �10H2O—265.90

~

446.06~USP35

[7722-88-5]

~[13472-36-1]~USP35

—Use ACS reagent grade.

Volumetric Solutions

BRIEFING

Sodium Hydroxide, Normal (1N),page 1251 of the
Second Supplement to USP 33 Reissue. It is proposed to correct
the molecular weight of the potassium biphthalate used to
standardize this volumetric solution.

(HDQ: M. Marques) RTS—C39884

Change to read:

Sodium Hydroxide, Normal (1 N)
NaOH, 40.00

40.00 g in 1000 mL

Dissolve 162 g of sodium hydroxide in 150 mL of carbon
dioxide-free water, cool the solution to room temperature, and
filter through hardened filter paper. Transfer 54.5 mL of the
clear filtrate to a tight, polyolefin container, and dilute with
carbon dioxide-free water to 1000 mL.

Accurately weigh about 5 g of potassium biphthalate,
previously crushed lightly and dried at 1208 for 2 hours, and
dissolve in 75 mL of carbon dioxide-free water. Add 2 drops of
phenolphthalein TS, and titrate with the sodium hydroxide
solution to the production of a permanent pink color. Each
204.23 mg

~

204.22 mg~USP35

of potassium biphthalate is equivalent to 1 mL of 1 N sodium
hydroxide.

~

~USP35

[Notes—(1) Solutions of alkali hydroxides absorb carbon
dioxide when exposed to air. They should be preserved in
bottles having well-fitted, suitable stoppers, provided with a
tube filled with a mixture of sodium hydroxide and lime (soda-
lime tubes) so that air entering the container must pass
through this tube, which will absorb the carbon dioxide. (2)
Prepare solutions of lower concentration (e.g., 0.1 N, 0.01 N)
by quantitatively diluting accurately measured volumes of the
1 N solution with sufficient carbon dioxide-free water to yield
the desired concentration.]

Restandardize the solution frequently.

Chromatographic Columns

BRIEFING

G## (Octreotide Acetate, PTA-5). It is proposed to add
this new designation for the column used to validate the test
for Limit of Triethylamine under Organic Impurities in the
monograph for Octreotide Acetate, which appears elsewhere
in this issue of PF.

(HDQ: M. Marques.) RTS—C87597

Add the following:

~

G## (Octreotide Acetate, PTA-5)—Base-deactivated 5%
phenyl–95% methylpolysiloxane.~USP35

#2010 The United States Pharmacopeial Convention All Rights Reserved.
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BRIEFING

L## (Octreotide Acetate, Synergi Max-RP). It is
proposed to add this new column designation used to validate
the Assay procedure and the Organic Impurities, Procedure 1 in
the monograph for Octreotide Acetate, appearing elsewhere in
this issue of PF.

(HDQ:M. Marques.) RTS—C87597

Add the following:

~L## (Octreotide Acetate, Synergi Max-RP)—

Dodecyl silane chemically bonded to porous silica

particles, 1.5–10 mm in diameter.~USP35

BRIEFING

L17, page R-1254 of the Second Supplement to USP 33
Reissue. It is proposed to increase the particle size range of this
chromatographic phase.

(HDQ: M. Marques) RTS—C94105

Change to read:

L17—Strong cation-exchange resin consisting of sulfonated
cross-linked styrene-divinylbenzene copolymer in the hydro-
gen form, 7 to 11mm

~6 to 12 mm~USP35
in diameter.

BRIEFING

L20, page R-1254 of the Second Supplement to USP 33
Reissue. It is proposed to update the description of this phase
and to increase the particle size range.

(HDQ: M. Marques) RTS—C95021

Change to read:

L20—Dihydroxypropane groups chemically bonded to porous
silica

~or hybrid~USP35

particles, ~3 to 10mm~USP33

~1.5 to 10 mm~USP35
in diameter.

BRIEFING

L34, page R-1254 of the Second Supplement to USP 33
Reissue. It is proposed to increase the particle size range of this
chromatographic phase.

(HDQ: M. Marques) RTS—C94166

Change to read:

L34—Strong cation-exchange resin consisting of sulfonated
cross-linked styrene–divinylbenzene copolymer in the lead
form, about 9 mm

~7 to 9 mm~USP35
in diameter.

BRIEFING

L59, page R-1255 of the Second Supplement to USP 33
Reissue. It is proposed to increase the particle size range for this
chromatographic phase.

(HDQ: M. Marques) RTS—C94167

Change to read:

L59—Packing having the capacity to separate proteins by
molecular weight over the range of 5 to 7000 kDa. It is
spherical (5–10 mm), silica-based, and processed to provide
hydrophilic characteristics and pH stability.

Note—Available as ~TSK-GEL G3000SWxl~USP33 Column
(analytical column) and TSKgel Guard Column for 7.5 mm
SW from Tosoh Bioscience ~

~USP33 (www.tosohbioscience.-
com).

~Packing for the size-exclusion separation of proteins

(separation by molecular weight) over the range of 5 to

7000 kDa. The packing is a spherical 1.5 to 10 mm silica

or hybrid packing with a hydrophilic coating.~USP35

#2010 The United States Pharmacopeial Convention All Rights Reserved.
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REFERENCE TABLES

BRIEFING

Container Specifications for Capsules and Tablets,
page R-1257 of the Second Supplement to USP 33 Reissue and
page 1394 of PF 36(5) [Sept.–Oct. 2010].

(HDQ) RTS—C47758; C79501; C81971; C87431;
C88339; C93557

The following table is provided as a reminder for the pharma-
cist engaged in the typical dispensing situation who already is
acquainted with the Packaging and Storage requirements set
forth in the individual monographs. It lists the capsules and tab-
lets that are official in the United States Pharmacopeia and indi-
cates the relevant tight (T), well-closed (W), and light-resistant
(LR) specifications applicable to containers in which the drug
that is repackaged should be dispensed.

This table is not intended to replace, nor should it be inter-
preted as replacing, the definitive requirements stated in the in-
dividual monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

&Abacavir Tablets W&1S (USP34)

Add the following:

&Alfuzosin Hydrochloride Extended-

Release Tablets T, LR&2S (USP34)

Add the following:

&Alprazolam Tablets, Extended-

Release T, LR&1S (USP34)

Add the following:

&Anagrelide Capsules T&2S (USP34)

Add the following:

&Artemether and Lumefantrine

Tablets W, LR&1S (USP34)

Add the following:

~

Balsalazide Disodium Capsules T~USP34

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

&Carbidopa and Levodopa Tablets,

Extended-Release W, LR&1S (USP34)

Add the following:

&Cetirizine Hydrochloride Tablets W&1S (USP34)

Add the following:

~

Cetirizine Hydrochloride and

Pseudoephedrine Hydrochloride

Tablets, Extended-Release W~USP34

Add the following:

&Crypthecodinium cohnii Oil Capsules T, LR&1S (USP34)

Add the following:

&Divalproex Sodium Capsules,

Delayed-Release T, LR&1S (USP34)

Add the following:

&Divalproex Sodium Tablets,

Extended-Release

W&1S (USP34)

Add the following:

&Donepezil Hydrochloride Tablets W&1S (USP34)

Add the following:

&Donepezil Hydrochloride Orally

Disintegrating Tablets W&1S (USP34)

Add the following:

&Drospirenone and Ethinyl Estradiol

Tablets W&2S (USP34)

Add the following:

&Efavirenz Capsules W&1S (USP34)

Add the following:

&Entacapone Tablets LR&1S (USP34)

Add the following:

&Escitalopram Tablets W&2S (USP34)
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Estazolam Tablets T, LR~USP35

Add the following:

~

Fish Oil Containing Omega-3 Acids

Delayed-Release Capsules T, LR~USP35

Add the following:

&Hydrochlorothiazide Capsules W&1S (USP34)

Add the following:

~

Ketoprofen Capsules T~USP35

Add the following:

~

Lamotrigine Tablets W~USP34

Add the following:

~

Lamotrigine Tablets for Oral

Suspension T, LR~USP34

Add the following:

~

Levetiracetam Tablets T~USP34

Add the following:

&Loratadine and Pseudoephedrine

Sulfate Tablets, Extended-Release LR&1S (USP34)

Add the following:

&Loratadine Orally Disintegrating

Tablets T&1S (USP34)

Add the following:

&Mefloquine Hydrochloride Tablets T, LR&1S (USP34)

Add the following:

&Midodrine Hydrochloride Tablets W&1S (USP34)

Add the following:

&Morphine Sulfate Tablets, Extended-

Release T, LR&1S (USP34)

Add the following:

&Olanzapine and Fluoxetine Capsules T&1S (USP34)

Add the following:

&Orlistat Capsules T&1S (USP34)

Add the following:

&Oxcarbazepine Tablets W&1S (USP34)

Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Delete the following:

~

Paramethasone Acetate Tablets W~USP34

Delete the following:

&Pentobarbital Sodium Capsules T&1S (USP34)

Add the following:

~

Pioglitazone Tablets T~USP34

Add the following:

&Ribavirin Capsules W&1S (USP34)

Add the following:

~

Risperidone Orally Disintegrating

Tablets W, LR~USP35

Add the following:

~

Rivastigmine Tartrate Capsules T~USP35

Add the following:

&Ropinirole Tablets W&1S (USP34)

Add the following:

&Schizochytrium Oil Capsules T, LR&1S (USP34)

Add the following:

~

Sertraline Tablets W~USP35

Add the following:

&Tacrolimus Capsules T&1S (USP34)

Add the following:

&Telmisartan and Hydrochlorothia-

zide Tablets W&1S (USP34)

Add the following:

&Terazosin Capsules W, LR&1S (USP34)

Add the following:

&Terazosin Tablets W, LR&1S (USP34)

Add the following:

~

Terbinafine Tablets W, LR~USP35

Add the following:

~

Tramadol Hydrochloride Extended-

Release Tablets T~USP35

Add the following:

&Valacyclovir Tablets T&1S (USP34)
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Container Specifications for Capsules and Tablets
(Continued)

Monograph Title
Container

Specification

Add the following:

~

Venlafaxine Tablets W~USP34

Add the following:

&Vitamin A Tablets T, LR&2S (USP34)

Add the following:

&Zaleplon Capsules LR&2S (USP34)

Add the following:

&Zonisamide Capsules T, LR&1S (USP34)

BRIEFING

Description and Relative Solubility of USP and NF Ar-
ticles, page R-1266 of the Second Supplement to the USP Reis-
sue, page 266 of PF 29(1) [Jan.–Feb. 2003], page 188 of PF35(1)
[Jan.–Feb.2009], page 1571 of PF 35(6) [Nov.–Dec. 2009],
page 271 of PF 36(1) [Jan.–Feb. 2010], page 578 of PF 36(2)
[Mar.–Apr. 2010], page 786 of PF 36(3) [May–June 2010], page
1039 of PF 36(4) [July–Aug. 2010], and page 1396 of PF 36(5)
[Sept.–Oct. 2010].

(HDQ) RTS—C68161; C70115; C79501; C90780

Add the following:

~Candesartan Cilexetil: White to off-white pow-

der. Sparingly soluble in methanol; practically insoluble

in water.~USP35

Add the following:

~Celecoxib: White or almost white, crystalline pow-

der. Freely soluble in ethanol; soluble in methylene chlo-

ride; practically insoluble in water.~USP35

Add the following:

~Estazolam: White to pale yellowish-white crystal.

Soluble in methanol and in acetic anhydride; sparingly

soluble in ethanol; practically insoluble in water and in

ether.~USP35

Add the following:

~Ethylcellulose Dispersion Type B: Off-white and

slightly viscous liquid. Soluble in alcohol, in methyl alco-

hol, in toluene, in chloroform, and in ethyl acetate; insol-

uble in water, in glycerin, and in propylene glycol. NF

category: Coating agent; film-forming agent.~NF30
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Pending and Canceled Proposals

Effective with this Pharmacopeial Forum (PF), USP will be transitioning its ‘‘Previous PF Proposals Still Pending’’ and its
‘‘Canceled Proposals’’ lists currently printed in PF to become part of the Revisions and Commentary section of the USP
Web site (http://www.usp.org/USPNF/revisions/). This combined list will be updated as the ballot closes for each official
USP–NF publication.

In order for an item to be adopted into the USP–NF and become official, it must first be proposed and published in the PF
to allow the public an opportunity to review and comment upon it. When an item is adopted, it is published in the USP–
NF, its Supplements, an IRA, or a Revision Bulletin. Those items that have not yet been adopted are known as Pending
Proposals.

Canceled Proposals are items that were published in PF and were pending, but have since been canceled. Note that
canceled proposals may be republished in PF to be considered for future adoption into the USP–NF.
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STAGE 4 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). Stage
4 drafts are available for comments. Below are descriptions of the developmental Stages as defined by the United States
Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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STAGE 6 HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group
(PDG). The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese
Pharmacopoeia (JP). The process of harmonization consists of several steps (Stages 1 through 7, as defined below). This
section includes Stage 6 adopted text which is provided for information. USP cannot incorporate public comments at
Stage 6 without consulting PDG partners. Below are descriptions of the developmental Stages as defined by the United
States Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for
each item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization
may be carried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chap-
ters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the prep-
aration of a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and
including validation data where appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordi-
nating pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two par-
ticipating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears
as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a
harmonized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating
pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of
their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the par-
ticular region.
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STIMULI TO THE
REVISION PROCESS

This section may contain the following:

� reports or statements of Expert Committees
� original research reports
� evaluations of new and existing pharmacopeial methods
� commentaries
� articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial standards. Generally, if an
Expert Committee publishes an article on which they are specifically seeking comment, this will be clearly stated in the
article. Readers may submit comments on issues raised in this section, but comment is not as critical as that for the In-
Process Revision section. Readers interested in submitting comments should see Instructions to Authors.
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INSTRUCTIONS TO AUTHORS

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other
commentaries and articles relevant to drug standards or to USP–NF revision will be considered for publication in Phar-
macopeial Forum under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understand-
ing that they have not been published previously in any language or medium and that they are not simultaneously
under consideration by any other publication.

All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and
if accepted for publication they will be subject to editing by USP staff. Accepted manuscripts become the property of
the USP Convention (USPC) and may not be subsequently published elsewhere without written permission from the
USPC. Authors are also responsible for obtaining permission for reprinting any illustrations that have been published
elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the
article.

Style and Usage—Stimuli articles generally follow the current Chicago Manual of Style except in scientific usage
(numbers, abbreviations, etc.). For the latter, authors should use the current AMA Manual of Style or the current
ACS Style Guide. Authors may usefully consult a current copy of Pharmacopeial Forum.

References—Consult the current AMA Manual of Style, which is generally consistent with the National Library of
Medicine’s Recommended Formats for Bibliographic Citation. A current copy of Pharmacopeial Forum will offer
examples of reference formats.

Copyright—Copyright transfer documents will be sent to authors after manuscripts have been accepted for
publication.

Contact Person—USP will designate a Scientific Liaison in the Documentary Standards Division as the corresponding
author. This ensures that USP receives all comments generated by the Stimuli article. Authors should contact the
Scientific Liaison if they would like to receive copies of comments generated by their Stimuli articles.

Submission Instructions—Manuscripts must be submitted both as an electronic file and as a printed copy of the
electronic file. Submit the text in Microsoft1 Word or another current word-processing application. The preferred
format for graphics submitted electronically is tagged image file format (TIFF). Photocopies are not acceptable.
Manuscripts submitted for publication should be addressed to:

Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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Ph. Eur. / USP Prospective Harmonization — API Pilot Project:
Industry Perspective

J. Mark Wiggins*{, Philip M. Travisz, Alexander Parkz, Rebecca A. Fitzgerald{

ABSTRACT This article has been prepared to share information with interested stakeholders regarding recent efforts to
develop prospectively harmonized monographs for Active Pharmaceutical Ingredients (APIs) in the European
Pharmacopoeia (Ph. Eur.) and United States Pharmacopeia (USP). The current state of the work is presented from
the perspective of the two pharmaceutical companies engaged in the Pilot Project.

INTRODUCTION

For more than a decade, the pharmaceutical industry
has been monitoring and supporting the Pharmaco-
poeial Discussion Group (PDG) activities with excipient
and general chapter harmonization. The importance of
the PDG efforts to develop global quality standards is
emphasized in the following statement on International
Harmonization from the European Directorate for the
Quality of Medicines & HealthCare (EDQM) website.1

‘‘Why We Need Harmonisation – Globalisation and
expansions in international trade present further
challenges as there is a growing need to develop glo-
bal quality standards. Harmonisation among the
world’s three major pharmacopoeias, the European
Pharmacopoeia, the Japanese Pharmacopoeia and
the United States Pharmacopoeia, is currently an im-
portant and challenging task, as these standards are
a vital instrument in the registration, market surveil-
lance, and free movement and trade of medicines
among as many countries as possible.’’

This critical work by PDG has resulted in numerous har-
monized compendial standards. However, PDG’s harmo-
nization activities do not include Active Pharmaceutical
Ingredients (APIs), which represent another key category
of monographs in each of the pharmacopeias. During
2007 and 2008, industry initiated discussion with the
PDG partners to assess interest in trying to harmonize
new API monographs at the point of initial submission
and development. As an outcome of these discussions,

the EDQM (which establishes the European Pharmaco-
poeia – Ph. Eur.) and USPC (United States Pharmacopeial
Convention, which establishes the United States Pharma-
copeia – USP) agreed to participate in a pilot project to
investigate the possibilities of prospective API mono-
graph harmonization. At the same time, the PMDA
(Pharmaceutical and Medical Devices Agency, which es-
tablishes the Japanese Pharmacopoeia – JP) indicated
their interest in observing the pilot project.

By now, stakeholders will have seen the release of four
proposed monographs in Pharmeuropa and the Pharma-
copeial Forum for public review and comment. These
unique monographs (Montelukast Sodium2 and Rizatrip-
tan Benzoate3 submitted by Merck; Celecoxib4 and Silde-
nafil Citrate5 submitted by Pfizer) represent the first
prospectively harmonized API monographs jointly devel-
oped between EDQM, USPC, and industry.

This article provides background information for stake-
holders interested in the prospective harmonization pilot
project. It is intended to also lay the foundation for future
discussions to evaluate the ultimate success of the mono-
graphs developed by this process, as well as on-going
maintenance for these monographs. The process for de-
veloping harmonized API monographs in the pilot pro-
ject is neither finalized nor established as the only
process that may be followed. Stakeholders are encour-
aged to continue identifying mutually beneficial ap-
proaches for innovative and more efficient means of
establishing regional or global standards.

* Correspondence should be addressed to: J. Mark Wiggins, Principal
Scientist, Quality Assurance and Pharmaceutical CMC - Compendial Af-
fairs, Merck & Co. Inc., 770 Sumneytown Pike, P.O. Box 4, WP82-10,
West Point, PA, USA, 19486, tel. 215.652.3964, e-mail: mark_
wiggins@merck.com; Karen A. Russo, PhD, Vice President, Small Mole-
cules, US Pharmacopeial Convention, 12601 Twinbrook Parkway, Rock-
ville, MD, USA, 20852-1790; tel. 301.816.8379, e-mail: kar@usp.org;
and Michael Wierer, PhD, Deputy Head, European Pharmacopoeia De-
partment, European Directorate for the Quality of Medicines and
HealthCare (EDQM)/Council of Europe, 7 allée Kastner, CS 30026, F-
67081, Strasbourg, France, tel. (+33) 3 9021 4518, e-mail: michael.
wierer@edqm.eu
{ Merck & Co. Inc., Quality Assurance & Pharmaceutical CMC – Com-
pendial Affairs
z Pfizer Inc., Scientific and Laboratory Services, Quality Assurance –
Compendial Affairs Group
1 http://www.edqm.eu/site/International-Harmonisation-614.html

2 Pharmeuropa 21.4, October 2009, pp. 575-579; Pharmacopeial For-
um, 36(1), Jan.-Feb. 2010, pp. 121-123
3 Pharmeuropa 21.4, October 2009, pp. 602-604; Pharmacopeial For-
um, 36(1), Jan.-Feb. 2010, pp. 132-133
4 In Press.
5 In Press.
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DEVELOPMENT OF MONOGRAPHS: CURRENT
STATE

The guidelines for submitting new monographs for the
Ph. Eur. and USP are referenced in the EDQM Technical
Guide for the Elaboration of Monographs (4th Edition,
2005)6 and the USPC Guideline for Submitting Requests
for Revision to USP–NF (V 3.1, April 2007)7, respectively.
The information requested in both guidelines is similar
and includes the list of appropriate tests, analytical pro-
cedures, and acceptance criteria for the material or pro-
duct, as filed in the Marketing Authorization Application
or New Drug Application. Monograph submissions for
the Ph. Eur. and USP typically include identification, assay
(potency), related substances (impurities), residue on
ignition, water, and any additional tests required to en-
sure appropriate quality of the API.

Although the stated requirements in both technical
guides are similar and industry sponsored submissions
for the Ph. Eur. and USP are generally consistent, they in-
variably lead to official monographs that are not equiva-
lent. There are many factors that contribute to this
outcome. The USPC will generally adopt – without
change – a given industry procedure, such as chromato-
graphic assay and related substances, along with the ac-
ceptance criteria that have been filed and approved by
the FDA for the US market. On the other hand, it is inher-
ent to the EDQM elaboration process that all material
sources included in marketing authorizations for medic-
inal products at the time of monograph development are
taken into account for the creation of a public standard
which will be mandatory for all future users. This requires
an in-depth practical laboratory evaluation and selection
process of proposed methods and verification of impor-
tant aspects such as method robustness and selectivity
regarding the different impurity profiles. Revised chro-
matographic procedures may be developed for related
substances tests to help ensure unambiguous impurity
peak identification and quantification, complemented
by a precise titration method for assay. As an outcome,
the resulting Ph. Eur. monograph may include changes
in methods when compared to those in the USP mono-
graph, or used by the individual manufacturers involved.

In addition to modifications made by the USPC and
EDQM, there may be unique regional regulatory require-
ments and specifications that may lead to differences in
monograph proposals. Among these unique regional re-
quirements are differences in assay and impurity limits.
When the proposed monographs are published in the
public forum, comments received by the EDQM and

USPC from industry may result in even further differences
in the final monographs. In order to provide a suitable
public standard, the USPC and EDQM may be required
to modify the sponsor’s monograph to be inclusive of
all manufacturers. Modifications made in one pharmaco-
peia may not be consistent with the modifications made
by the other. Tests included in one pharmacopeia may be
eliminated in the other, such as the case of multiple iden-
tification tests.

DEVELOPMENT OF THE PROSPECTIVE
HARMONIZATION CONCEPT

The current pharmacopeial process most often results
in non-harmonized monographs. Industry saw a clear
need for a new and improved approach to monograph
development in order to achieve the desired goal of har-
monized quality standards. The concept of the ‘‘Ideal
Pharmacopoeia’’ had recently been published by indus-
try, with the objective being a single, unified, global com-
pendial standard to ensure the same, high-quality
medicines for patients around the world8. Much of the
groundwork for harmonization was already in place, in-
cluding the significant efforts by the pharmacopoeias
through PDG. Additional activity by regulatory agencies
along with industry was also underway through the In-
ternational Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Hu-
man Use (ICH), e.g. the Q4B Guideline: Evaluation and
Recommendation of Pharmacopoeial Texts for Use in
the ICH Regions9. However, the majority of this activity
was aimed at retrospective harmonization of standards
which had been developed separately in the various re-
gions of the world.

The activity of PDG and ICH to resolve existing histor-
ical and regional differences has been, and will continue
to be an important part of global harmonization for drug
standards. The question becomes whether it is possible
to develop new harmonized standards at the outset,
making retrospective harmonization unnecessary. To
some extent, this has already been achieved through
the collaboration between the PDG partners which re-
sulted in the creation of six new general chapters in the
Ph. Eur., USP, and JP, which provide methods for biotech-
nology products10. Extending this success to the creation
of prospectively harmonized API monographs intro-
duced the industry sponsor of the monograph as an ad-
ditional collaborator.

6 http://www.edqm.eu/medias/fichiers/technical_guide_english.pdf
7 http://www.usp.org/pdf/EN/USPNF/chapter1.pdf

8 J. M. Wiggins et al., ‘‘The Ideal Pharmacopeia – A Model for the Fu-
ture’’, Pharm. Technol., 32 (11), 122-125 (Nov. 2008).
9 http://www.ich.org/LOB/media/MEDIA3092.pdf
10 See Methods for Biotechnology Products: Amino Acid Determina-
tion; Capillary Electrophoresis; Isoelectric Focusing; Protein Determina-
tion; Peptide Mapping; and Polyacrylamide Gel Electrophoresis; listed
in ‘‘Pharmacopoeial Harmonisation – PDG State of Work (October
2009)’’; Pharmeuropa, 22.1, January 2010, pp. 76-82; and also avail-
able at the EDQM website: http://www.edqm.eu/medias/fichiers/
PDG_State_of_Work.pdf
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The possibility of developing prospectively harmo-
nized API monographs arose in 2006 during pharmaceu-
t ical industry discuss ions regarding the ‘‘ Ideal
Pharmacopoeia’’. The prospective harmonization model
which emerged (Figure 1) was simple in theory, but po-
tentially difficult in practice. As previously discussed, an
industry sponsor would typically submit the same mono-
graph to the separate pharmacopoeias and then sit back

to watch the developing monographs diverge due to dif-
ferences in the pharmacopoeial processes, expectations,
preferences, timing, and regional regulatory practices.
The novel concept was to proactively ‘‘complete the con-
nection’’ between the industry sponsor and the pharma-
copeias, engaging all partners through open and
transparent communication leading to a harmonized
monograph at the end of the effort.

Subsequently, discussions were held between industry,
EDQM, and USPC to determine whether the vision of
prospectively harmonized monographs was shared by
the potential partners. In addition, the EDQM and USPC
brought this bilateral initiative to the attention of PDG,
with an invitation for PMDA to participate. The positive
responses from the pharmacopoeias were a critical factor
toward reaching the current milestone achieved in the
four monograph proposals appearing in Pharmeuropa
and Pharmacopeial Forum. As shown in Figure 1, a few
additional considerations also emerged from the industry
discussions with the pharmacopoeias. First, the scope of
the activity would be initially limited to development of
API monographs, since the Ph. Eur., in line with the cur-
rent European regulatory framework, does not contain
specific monographs for pharmaceutical products. The
focus on APIs can also be understood since harmonized
specifications for pure substances may be more readily
applied to materials from multiple sources than would
be possible for drug products from multiple sources
due to formulation differences (excipients/processes).
Second, the initial partnership for development of the
monographs would include the industry sponsors, the
EDQM and the USPC. While ultimately within the scope
of creating global drug standards, the PMDA indicated
that they would remain an interested observer at this
early point in the new process. But the stage was set to
elaborate the specific process steps that would lead to
the development of prospectively harmonized API
monographs in the Ph. Eur. and USP.

DEVELOPMENT OF THE API PROSPECTIVE
HARMONIZATION PILOT PROCESS

During the development of the pilot process, it was im-
portant to share procedural information between all par-
ties while maintaining confidentiality for specific
company information. The goal was to share pharmaco-
peial resources and release harmonized proposals, har-
monized officia l monographs and harmonized
reference standards as close to simultaneously as possi-
ble. Industry proposed using the EDQM Procedure 4
(P4 for elaboration of Ph. Eur. monographs)11 as a basis
for a prospective harmonization process which could be
put in place for a trial phase. In mid-2008, the parties in-
volved discussed the individual monograph develop-
ment processes and determined where activities could
be combined, where activities would remain separate,
and where industry should be involved in the pharmaco-
poeial discussions. From these meetings, the following
monograph development process was drafted:

A. Submission and initial review
1. Identical submission packages are provided by
the monograph sponsor to EDQM and USPC.
2. EDQM and USPC appoint leaders for the
monograph development.

11 Pharmeuropa, 19.3, July 2007, pg. 420; and also available at the
EDQM website: http://www.edqm.eu/medias/fichiers/Procedure_4_
Workflow.pdf
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3. Following a paper review by each organiza-
tion, a joint list of questions is submitted to the
individual company.
4. Once initial questions have been resolved, the
first draft monograph is prepared and shared
with a joint expert group from EDQM and USPC.

B. Laboratory evaluation
5. Individual company coordinates material sub-
missions for EDQM and USPC laboratory testing.
6. Experimental testing of the draft monograph
to be conducted by at least two laboratories:
EDQM, EDQM network, USPC, USPC external
resource, or FDA.
7. When necessary, confirmatory testing to be
conducted by additional laboratories not in-
volved in Step 6 (including individual company
laboratories).
8. All laboratory reports are exchanged and dis-
cussed between EDQM and USPC.
9. The EDQM and USPC discuss any necessary
changes to the first draft with the sponsor com-
pany.
10. A consensus draft is prepared and published
(simultaneously if possible) in Pharmeuropa and
Pharmacopeial Forum.
11. Individual company submits material to sup-
port the EDQM CRS and USP RS programs.

C. Public Review
12. All comments sent to EDQM and USPC are
collated and reviewed by the joint expert group.
13. Revised draft prepared in close collaboration
between EDQM, USPC and the individual com-
pany to resolve any outstanding issues. All par-
ties will discuss and address any concerns and
agree to a common version of the consensus
draft.

D. Official Harmonized Monograph
14. Final consensus draft submitted to Ph. Eur.
Commission and USP Council of Experts for
adoption.
15. If any significant changes from the consen-
sus draft occur due to the final approval process,
all parties should be notified to assess the revi-
sion.
16. Publication and implementation dates for
the official harmonized monograph in the Ph.
Eur. and USP should be as close as practical, with
an identical implementation date as target.

DEVELOPMENT OF DRAFT MONOGRAPHS: API
PROSPECTIVE HARMONIZATION PILOT PROJECT

Draft monographs for the four APIs in the pilot project
were prepared by the two participating companies for
submission to the EDQM and USPC by reviewing ap-
proved tests and acceptance criteria. As previously
stated, appropriate methods were chosen for inclusion
based on typical monograph requirements as stated in
the EDQM Technical Guide for the Elaboration of Mono-
graphs and the USPC Guideline for Submitting Requests
for Revision to USP–NF: Small Molecule Drug Substances
and Products. In addition to tests for identity, related sub-

stances, heavy metals, water and assay, tests based on
the physical characteristics of the material and/or other
approved quality specifications not previously men-
tioned were included.

After the monographs were submitted, a list of conso-
lidated EDQM and USPC questions was received by the
monograph sponsor, including consideration of whether
the materials show polymorphism. Answers were sub-
mitted and manufacturing sites were contacted to send
samples for testing. Reference standards necessary to
support the evaluation of specific tests in the monograph
were identified and small quantities of these materials
were sent to EDQM and USPC for use in laboratory
evaluations. Where possible, samples of isolated, indivi-
dual impurities were also sent.

Testing was performed by the laboratories of the
EDQM, the European OMCL network, USPC, and/or
FDA. Results were incorporated into laboratory reports
that were provided to the sponsor, along with a draft
monograph proposal. The draft monograph included
some changes to the originally submitted methods, such
as determining impurity limits by comparison with a di-
luted sample. The draft monographs have either been
published in Pharmeuropa and Pharmacopeial Forum
for public review and comment, or will be published
soon.

There are several open issues that are still being dis-
cussed between the sponsors, EDQM, and USPC regard-
ing the monographs developed in the pilot program.
Among these challenging issues are the following:
� A harmonized approach is needed for the related

substances and assay tests in the Ph. Eur. and USP
monographs for these substances.

� Practical issues related to general chapter references
in the monographs must be addressed. Non-harmo-
nized general chapters may result in non-harmo-
nized monographs, despite the activities of the
pilot project. This is especially true where the mono-
graphs may reference a general chapter such as hea-
vy metals or specific rotation where the USP and Ph.
Eur. tests are not the same.

� A process to ensure the establishment of harmonized
reference standards for assay and impurities is also
necessary to ensure consistent results in the applica-
tion of the harmonized monographs. As part of the
pilot project, single lots of reference standards were
submitted to the EDQM and USPC to support the
harmonized monograph process. Characterization
of these reference standards must be handled in a
manner that will enable use of the materials to sup-
port the harmonized monographs. It is particularly
important that reference standards used to deter-
mine assay (potency) for the APIs be assigned iden-
tical purity values by USPC and EDQM.

� Additional considerations for overall success include
extending the applicability of the harmonized
monographs through incorporation into the Japa-
nese Pharmacopoeia and other pharmacopoeias.
The JP was aware of this project but was not an active
participant in the development of the monographs.
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In order to achieve full harmonization, involvement
with all compendia represented by PDG and other
compendial organizations will be required.

� Additional revisions are being discussed by the
EDQM, USPC, and monograph sponsors, even fol-
lowing publication in the pharmacopoeial forums.
As indicated above, discussion is on-going as to
how the public comments will be addressed by the
USPC and EDQM in order to maintain a harmonized
monograph. Possible revisions to the monographs
once additional material sources become available
through regulatory approval must also be consid-
ered to ensure the harmonized standards are main-
tained. Subsequent revision of the prospectively
harmonized monographs, after they become official,
will need to be addressed in a collaborative manner
to ensure that the monographs continue to provide
appropriate compendial standards for all approved
manufacturers of the APIs. This change control as-
pect represents one of the most challenging and
complex aspects for maintaining the harmonized
monographs, and cannot be fully addressed until re-
vision requests begin to be received by the pharma-
copoeias.

CONCLUSION

At this point, it is still too early to measure the success
of the API pilot project for Prospective Harmonization. In
practical terms, the project should be considered suc-
cessful upon publication of harmonized official mono-

graphs for Montelukast Sodium, Rizatriptan Benzoate,
Celecoxib, and Sildenafil Citrate in the Ph. Eur. and USP
to provide a single standard in Europe and the US for
these important drug substances. If the benefits realized
through the development of prospectively harmonized
monographs exceed the effort required to reach that
goal, then the project will have proven valuable. Among
the anticipated benefits for industry is reduced testing in
quality control laboratories based on the harmonized
pharmacopoeial monograph. This outcome would rep-
resent an improvement over the current situation in
which different standards are often developed in the
USP and Ph. Eur. An additional benefit would be the abil-
ity to refer to the harmonized USP and Ph. Eur. mono-
graph standard in product registrations in the US and
Europe. It is industry’s hope that the harmonized API
standard could also be acceptable in product registra-
tions outside the US and Europe. Given these potential
benefits, the development of this new approach to
monograph development through prospective harmoni-
zation may provide a valuable tool for the future. There
may be other possible approaches which could lead to a
single, unified, global compendial standard. In order to
reach the ultimate goal of providing consistent global
standards for high-quality drug products, efforts toward
prospective harmonization, PDG and ICH activities, and
other harmonization approaches not yet discussed
should be pursued by all stakeholders to the ultimate
benefit of patients around the world.
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USP Response to Stimuli Article
European Pharmacopoeia–US Pharmacopeia Prospective Harmonization:

API Pilot Project—Industry Perspectivea

Karen A. Russo, Susan de Mars, and William F. Koch

USP has been pleased to have the opportunity to work
with EDQM and the submitters of this article on the pro-
spective harmonization pilot program. USP and EDQM
each follow their own well-established processes and ap-
proaches for monograph and reference standards devel-
opment, and collaboration on this pilot study has
revealed new complexities as USP and EDQM attempt
to coordinate their respective processes to establish har-
monized drug substance monographs and associated
reference standards. Challenges also have been faced in
obtaining reference standard materials to support the
monographs. However, USP remains optimistic that pro-

spective harmonization may prove to be of value both for
the pharmacopeias and industry, and we are looking for-
ward to a thorough evaluation of the prospective harmo-
nization process at the conclusion of the pilot when the
harmonized monographs and reference standards are fi-
nalized. It is anticipated that the experience with the pilot
will be valuable as USP, EDQM, and industry work to
forge new and better approaches for the generation of
harmonized quality standards.

a Correspondence should be addressed to: Karen A. Russo, PhD, Vice
President, Small Molecules, US Pharmacopeia, 12601 Twinbrook Park-
way, Rockvil le, MD 20852-1790; tel. 301.816.8379; e-mail
kar@usp.org.
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A Rapid Capillary Electrophoresis Method for the Detection of Microbial
Contamination: An Alternative Approach for Sterility Testing

Ye Bao,a Andrew W. Lantz,b Daniel W. Armstronga

ABSTRACT This Stimuli article discusses capillary electrophoresis (CE) methodology for sterility testing as a possible
alternative to the traditional direct inoculation method and more recent molecular techniques involving PCR DNA
testing and antibody-based methods. Topics discussed include basic CE theory, CE characterization of bacteria and
fungi, CE sterility testing method development, and procedures based on the proposed method. Sample
preparation and/or preconcentration procedures for CE analyses are considered as well. Finally, the article briefly
demonstrates use of CE to analyze actual consumer products.

INTRODUCTION

Sophisticated instrumental techniques for the analysis
and characterization of microorganisms are becoming
more common. Although these newer, often experimen-
tal approaches (e.g., differential staining, phage typing,
comparison of DNA sequences, PCR, and mass
spectrometry) may not replace traditional methods in-
volving cultures and microscopy, in the immediate future
their development and use will continue to grow. In par-
ticular, after emerging in the early 1980s, capillary
electrophoresis (CE) has become a well established ana-
lytical method. CE produces rapid, high-efficiency anal-
yses and separation of a wide variety of analytes from
small ions, molecules, proteins, DNA, and RNA. Generally
CE requires minimal sample preparation, and sample
consumption is minuscule (1–6). These advantages
may also be extended to the analysis of intact biological
cells, including microorganisms. As a result, interest in CE
as an analytical method to measure various types of in-
tact biological cells has grown tremendously during the
past decade (7–12). In this Stimuli article, we limit our fo-
cus to the application of CE as a rapid, effective method
upon which procedures can be based to determine the
sterility of samples. Finally, we briefly demonstrate use
of this CE approach to analyze an actual consumer
product.

BACKGROUND

CE typically is used to separate ionized molecular spe-
cies based on their charge and frictional forces (13).
Charged species move in the direction of the oppositely
charged electrode in a conductive liquid medium when
an electric field is applied (e.g., electrophoresis). The
movement through the surrounding solution imposes
frictional forces on the molecules/ions. The net mobility
of a molecule is estimated by Eq. 1:

m = q/f (1)

where m is the electrophoretic mobility, q the net charge,
and f the friction coefficient (which is equal to 6�ZR,
where R is the particle radius and Z is viscosity). Because
the frictional forces are directly related to the size of an
analyte, its mobility is directly controlled by its charge-
to-size ratio. This simple equation was derived for spher-
ical particles (often molecules) (13). In the case of very
large particles such as viruses, bacteria, and fungi, more
complicated factors must be included (see next section)
(14).

Sterility testing (testing for microbial contamination) is
a crucial and often necessary procedure in the food,
pharmaceutical, and medical industries for safety and
quality control (15,16). Infected foods, medicines, or
biological samples (e.g., blood or plasma) can cause se-
rious problems for patients and consumers in general.
Among the variety of approaches to detect the presence
of microbial contamination, the direct inoculation meth-
od is a universally accepted technique (17). In this meth-
od, an aliquot of sample is placed in a sterilized growth
medium and allowed to incubate for a prescribed period
of time. The medium is then checked under a microscope
for the presence of microbes, and a positive result indi-
cates that the original sample is contaminated. However,
there are several shortcomings in this standard method
(18–20). First, it suffers from a long analysis time (14
days). Second, it may detect only the microbes that are
capable of growing on/in the particular medium used.
Further, it is difficult to discern the number or concentra-
tion of microbes in the original sample. To overcome
these drawbacks, molecular techniques have emerged
as alternatives for the detection of microbial contamina-

a Department of Chemistry and Biochemistry, University of Texas at Ar-
lington, Arlington, TX, USA.
b Chemistry Department, Grand Valley State University, Allendale, MI,
USA.

Correspondence should be addressed to: Radhakrishna Tirumalai,
PhD, Principal Scientific Liaison–General Chapters, US Pharmacopeial
Convention, Rockville, MD 20852-1790; tel. 301.816.8339; e-mail
rst@usp.org.

Abbreviations: CE, capillary electrophoresis; CTAB, cetyltrimethyl-
ammonium bromide; EOF, electroosmotic flow; TRIS, tris(hydroxy-
methyl)aminomethane; IL, ionic liquids; EH, electrophoretic heteroge-
neity; CFU, colony-forming units; LIF, laser-induced fluorescence.
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tion. There are mainly three types of molecular tech-
niques: nucleic acid hybridization, amplification (poly-
merase chain reaction, PCR), and immunoassay (21–
24). Though these methods lessen the analysis time con-
siderably, they are confined to the detection of specific
microorganisms and require extensive personnel training
to perform these complex experiments. Hence, they are
not particularly useful for general sterility tests where a
simple, rapid, and definitive yes-or-no answer is needed.

Recently, CE has been explored as an analytical tech-
nique for the separation, identification, quantification,
and characterization of microorganisms (25–33). In
1999, the separation of several bacteria by the use of
polymer additives in the run buffer was reported (25).
Shintani et al. coupled CE with a laser-induced fluores-
cence (LIF) system for the identification of Salmonella en-
teritidis (30). By staining S. enteritidis cells with a cell-
permeable nucleic acid stain or a salmonellae-specific
polyclonal antibody, they successfully detected as few
as three cells. More recently, Valcárcel and co-workers
successfully separated eight different types of bacteria
in 25 min based on the differential mobility of bacteria
in the capillary. The authors used specific ions (calcium
and myoinositol hexakisphosphate) to interact with the
bacterial surface and applied the method in the identifi-
cation and quantification of bacterial contamination in
several food samples (32). Buszewski successfully sepa-
rated five species of bacteria over a short distance (8.5
cm) using trimethylchlorosilane- or divinylbenzene-mod-
ified capillaries with suppressed electroosmotic flow
(EOF) (33). Interested readers can find more information
in several reviews that have reported on the analysis of
microorganisms by CE (8–10, 34–36).

When analysts use CE to detect general microbial con-
tamination, they are not required to separate, identify, or
characterize the microorganisms. Analysts need only an
efficient and effective method that provides a simple,
rapid, and binary (yes/no) answer regarding the pre-
sence or absence of any or all microorganisms. This
method should combine the best elements of broad ap-
plicability of culture techniques and the fast analysis time
of molecular techniques. Having such a rapid and reliable
screen would eliminate the need for more complex or
time-consuming sample testing. Once the clean samples
have passed, only those that appear to be contaminated
would need to be analyzed more exhaustively or elimi-
nated.

CE CHARACTERIZATION OF MICROORGANISMS

In CE, molecules of a single compound are individually
identical, so they have the same mass-to-charge ratios, in
other words, the same electrophoretic mobilities. There-
fore, these individual molecules reach the detector at
nearly the same time, producing a single signal. How-
ever, this is necessarily not the case for microorganisms.
Unlike molecules that have dimensions on the scale of a
few to several angstroms, microorganisms typically have
at least one dimension that ranges from tens of nan-
ometers to a few micrometers. Consequently, the elec-
trophoretic process for microorganisms can be more
complicated (9,10). The microorganisms may obtain
charge upon protonation or deprotonation of ionizable
functional groups on their surface or by adsorption of
ions from the surrounding solution. Also microbes are
amphoteric: They can have a negative net charge at high
pH and a positive net charge at low pH. In addition, they
can aggregate to form clusters, attach to different types
of microbes, or secrete substances that cover their sur-
faces and therefore alter their mobilities (these problems
can be ameliorated by sonication and preparation of
fresh microbial samples) (37,38). Frequently, a single
species of microorganism exhibits a distribution of sizes,
shapes, and charges (all of which are affected by their
growth cycle and the nature of their environment and
growth medium) and hence different electrophoretic
mobilities. This property often is referred to as electro-
phoretic heterogeneity (EH) (28,39). Also, microbes are
sensitive to extremes of pH, osmolarity differences, or
electric fields, all of which may lyse cells (27). To achieve
successful CE runs, these properties and behaviors of mi-
croorganisms must be taken into consideration.

DETECTION OF MICROBIAL CONTAMINATION
BY CE

Recently a rapid, widely applicable CE method for the
detection of microbial contamination was reported (40).
After modification of the original method, single-cell de-
tection was achieved and provided a solid foundation for
an in situ sterility test (41). In the original method, the
capillary is initially rinsed and filled with run buffer that
contains dilute cationic surfactants (e.g., CTAB). Three
injections are then made (i.e., the microbial sample,
the run buffer, and finally a blocking agent composed
of nutrient broth), followed by electrophoresis. The pos-
sible mechanism is shown in Figure 1.
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Figure 1. Schematic of CE/microfluidic-based test for microbial
contamination. The entire capillary initially is filled with running
buffer that contains CTAB surfactant. Three injections are made
before the run: (1) a large plug of sample containing microor-
ganisms, (2) a spacer plug of running buffer and CTAB, and (3)
a short plug of blocking agent (BA). Cells present in the sample
are represented by ovals. The top capillary shows the relative
locations of the solutions after the three injections have been
made. The subsequent three capillary figures show the move-

ment of the injected microbes after the voltage is applied.
Reprinted from reference 41 with permission.

The capillary wall is initially dynamically coated with
the positively charged CTAB. Following application of a
voltage to the capillary, the cationic surfactants (CTAB)
coat (or are dynamically adsorbed by) the microbes
and sweep them out of the original sample zone until
they encounter the blocking agent, where cellular aggre-
gation occurs. This method uses cationic surfactants and
a blocking agent to sweep and stack all cells into a single,
sharp peak. The presence or absence of this peak signal
designates sample sterility. This method can be applied
to a variety of bacteria and fungi, and mixtures of differ-
ent types of microorganisms can be analyzed in less than
10 min (for example, see Figure 2).

Figure 2. Three separate overlaid electropherograms showing S.
aureus (A), S. subterreanea (B), and E. coli (C) individually (a) and
in a mixed sample (b). Conditions: capillary, 30 cm long (20 cm
to detector), 100 mm inner diameter. The running buffer is 1

mM TRIS/0.33 mM citric acid with 1 mg/mL CTAB, pH 7. The
sample buffer is 1 mM TRIS/0.33 mM citric acid, pH 7. The
nutrient broth concentration is 8 g/L. The bacteria sample

concentration is approximately 108 CFU/mL. The voltage is –2
kV. The sample is injected for 6 s and 0.5 psi, the spacer injected
for 5 s at 0.4 psi, and the nutrient broth for 1.5 s at 0.2 psi.

Laser-induced fluorescence detection was used, and the mon-
itored wavelength was 517 nm. The bacteria were all stained
with BacLight. Reprinted from reference 40 with permission.

Another advantage of this method is that if the sample
contains any microbes, they appear at a fixed time in
front of the blocking agent (BA). Slight variations in mi-
crobial migration times are caused by inherent EOF fluc-
tuations. Detection of the microbes can be achieved by
UV-vis or laser-induced fluorescence (LIF). However, in
the original method the natural fluorescent property of
nutrient broth created an interference that limited the
detection sensitivity to approximately 50 cells.
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In order to achieve single-cell detection, which is a pre-
requisite of a sterility test, a modification of the method
has been made to replace the fluorescent nutrient broth
blocking agent with a zwitterionic surfactant, caprylyl
sulfobetaine (41). This surfactant appears to be generally
effective as a blocking agent for bacteria and fungi yet
has no fluorescence signal. By application of the modi-
fied method, a single-cell detection was achieved in vitro
and provided a solid foundation for the real-world
sterility test.

The experimental procedure is as follows: The bacteria
were initially grown in the liquid broth and then plated
on agar plates and stored under refrigeration until
needed. When needed for experiments, a single colony
was taken from the agar plates and then grown in the
liquid broth. When in the stationary phase of growth in
their respective media, the bacteria were harvested with
cell concentration of approximately 108 colony-forming
units (CFU)/mL and centrifuged down. Then the excess
broth was removed; cells were washed with working
solution once (1 mM TRIS, 0.33 mM citric acid); and fi-
nally they were suspended in a working solution of a vol-
ume of broth that was identical to that which was
originally removed. For the single-cell detection, 1 mL di-
luted bacterial sample solution (approximately 104 CFU/
mL) was fluorescently tagged by the addition of 1 mL Bac-
Light fluorescent dye solution, allowing 30 min for stain-
ing cells at room temperature (when the original
fluorescence dye is powder, simply add 2 mL of DMSO
to the powder to make the dye solution). At the same
time, CTAB (1 mg/mL) zwitterionic surfactant (caprylyl
sulfobetaine) solutions (5 mg/mL) in glass vials were
autoclaved to ensure that no other bacterial contami-
nants were present in these reagents, and the capillary
was rinsed with the sterile working solution. Once the
bacteria sample was ready, the sample vial was vortexed
for 30 s to prevent the aggregation of individual cells.
Then a tiny drop (approximately 2 mL) of the bacteria
solution was applied onto a sterile microscope slide and
smeared into smaller drops using a sterile pipet tip. Next
these drops were inspected visually under the micro-
scope (�40 lens) until one drop containing a single cell
was found. This drop was quickly injected into the capil-
lary by siphoning effect, followed by the injections of run
buffer and blocking agent (caprylyl sulfobetaine). The
electrophoresis was then carried out at –2 kV. Fluores-
cence emission from the stained cell was detected at
516 nm. The signal-to-noise ratios of all tested single cells
were between 5 and 9 (Figure 3). Detection of live/dead
cells could be achieved by staining the microbial sample
with different dyes. To further reduce the possibility of
lysing cells by surfactants (such as CTAB), dicationic ionic
liquids could be used as auxiliary buffer additives, thus
lowering the required CTAB concentration from 1 mg/
mL to 0.25 mg/mL (42).

Figure 3. Electropherograms of single cells of various bacteria
and fungi using the revised CE-based sterility test. Conditions:
capillary 30 cm long (20 cm to detector), 100 mm inner dia-
meter. The running buffer is 1 mM TRIS/0.33 mM citric acid
with 1 mg/mL CTAB, pH 7. The sample buffer is 1 mM TRIS/
0.33 mM citric acid, pH 7. LIF detection at 516 nm. Concen-
tration of blocking agent, 5 mg/mL. Reprinted from reference

41 with permission.

Recently CE and DNA-FISH (Fluorescence In Situ
Hybridization) were used to detect S. typhimurium in a
mixed culture (43). In the experiment the fluorescein-
labeled peptide nucleic acid probe Sal23S15 (Am-ACC
TAC GTG TCA GCG-Cbx) was used. This probe selectively
binds to rRNA present in the 23S ribosomal subunit of
Salmonella species. Detection of three injected S. typhi-
murium cells against a background of approximately
300 injected E. coli cells indicated the possibility of
single-cell detection of specific pathogens using this
combined technique. Figure 4A shows the electrophero-
gram for the Sal23S15 hybridized culture of E. coli. No
significant signal was produced by E. coli, indicating both
the selectivity of the probe and a lack of nonspecific bind-
ing of the probe to the surfaces of nontarget cells. In con-
trast, strong fluorescent signals were obtained from
hybridized S. typhimurium, as seen in Figure 4B. This sam-
ple consisted of undiluted E. coli and Salmonella, both of
which were allowed to react with the peptide nucleic
acid probe. These data demonstrate the successful com-
bination of capillary electrophoresis and fluorescence in
situ hybridization to detect specific types of sample con-
tamination. The Sal23S15 probe was effective as a genus-
specific probe for the detection of Salmonella species in
the sample injection.
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Figure 4. Electropherograms of A) approximately 108 CFU/mL E.
coli, B) approximately 108 CFU/mL S. typhi and approximately

108 CFU/mL E. coli. All samples were hybridized with
Salmonella-specific Sal23S15 PNA probe.

SAMPLE SIZE AND PREPARATION

CE uses very small sample volumes, and this is often
considered an advantage for molecular analysis, espe-
cially when sample is limited. These small volumes can
be a disadvantage when analyzing some solutions for mi-
croorganisms, for at least two reasons: (a) samples tested
for sterility can be large, and (b) on a per-particle basis,
solutions of microbes are usually more dilute than solu-
tions of molecules. Consequently there can be questions
about whether the injected sample is truly representative
of the sample as a whole. This question was addressed
recently in two publications (44,45). Typically, CE of mo-
lecules requires the use of small internal diameter (i.d.)
capillaries to minimize the effect of Joule heating, which
degrades separation efficiency. This is not a substantial
concern for CE of microbes. Consequently, larger i.d.
(and volume) capillaries can be used for sterility testing.
Also a greater portion of the larger capillary can be filled
with the sample that will be analyzed. Finally, large-
volume stacking of microbial samples can be performed.
A 120-fold improvement of the injected sample volume
(by comparison with typical injections) was shown to be
obtained using a 0.33-mm i.d. capillary and utilizing
60% of the capillary volume (45). A separate report
found that bacterial preconcentration by large-volume
sample stacking resulted in a 60-fold enhancement in de-
tection sensitivity (44).

During analysis of very large samples (e.g., tens to hun-
dreds of milliliters) analysts face similar problems regard-
less of the analytical methodology used. Even classical
inoculation (culturing) methods use only a small fraction
of large samples. Hence various volume-reduction or
sample preconcentrations methods have already been
developed and are commonly used for these larger vol-
ume samples. One example is membrane filtration in
which the sample is passed through a membrane of ap-

propriate pore size. The cells are accumulated on the
membrane and are subsequently washed off with a small
amount of solvent and are centrifuged if necessary (17).

Sample preparation is usually an essential part of all
sterility tests. Analysts often must remove extraneous
salts and other potential interferences, especially pro-
teins, polymers, thickening agents, and others. This can
be done as a part of the preconcentration (see above) or
as described below.

TESTING CONSUMER PRODUCTS

The authors examined the application of CE-based
tests for detecting microbial contamination in consumer
eye care products and briefly report the results here. A
multipurpose contact lens solution and B eye drops were
chosen as sample matrices and were inoculated with lab-
cultured Candida albicans. Injections of spiked samples
(without any special preparatory treatments) produced
numerous peaks and broad bands of cells, many of which
remained in the original sample zone (Figure 5A). Contact
lens solutions and eye drops contain a variety of con-
stituents ranging from simple salts to surfactants and
long-chain organic polymers for lubrication. For exam-
ple, besides purified water, the major components of A
solution includes 9% w/w polyhexamethylene, 1% NaCl,
1% poloxamine, and 0.9% sodium borate. B eye drops
also contain 1% w/w polyethylene glycol, 1% povidone,
and 0.1% dextran. These matrix components may inter-
fere with the ability of CTAB to effectively coat the surface
of the microorganisms and extract cells from the sample
plug. Further, the increased ionic strength of the eye so-
lutions increases the conductivity of the sample zone,
thus lowering the electric field in this region and limiting
cells’ migration velocity. Therefore, it is helpful to remove
these compounds from solution before CE analysis. In or-
der to isolate the contaminating cells from the sample
matrix, we centrifuged inoculated eye care solutions
and decanted the supernatant. The remaining pelleted
cells were washed in working buffer, recentrifuged, and
resuspended in buffer once again for analysis. Successful
removal of matrix interferences resulted in a sharp peak
for fungal contaminants detected at the appropriate lo-
cation (i.e., front of the blocking agent) via CE analysis
(Figures 5B and 5C).
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Figure 5. Electropherograms of C. albicans in A) multipurpose
contact lens solution, B) multipurpose contact lens solution

after resuspension in working buffer, and C) eye drops solution
after resuspension in working buffer.

The sterility of A was tested using fluorescence detec-
tion. A fresh 5-mL aliquot was transferred to an auto-
claved vial using a sterile transfer pipette and was
centrifuged to pellet any cells present. The supernatant
was decanted and any potential microbial contaminants
were resuspended in approximately 250 mL of sterile
working buffer and stained with BacLight Green dye.
The sample was analyzed using the CE sterility test. No
measurable signal was detected for the injected samples
(Figure 6A). This process was repeated three times. Based
on the single-cell detection capabilities demonstrated
with BacLight Green dye, these results indicate that the
injected samples of A solution were indeed sterile. The
ability of this technique to detect low levels of cellular
contaminants in A solution was examined by exposing
5 mL of the lens solution to a nonsterile inoculation loop.
This solution was then concentrated to approximately
250 mL via centrifugation, resuspended in sterile working
buffer, and stained with BacLight Green dye. A relatively
small but easily detectable peak was obtained for these
trials (Figure 6B), indicating that microbial contamination
was present from exposure to the ambient nonsterile en-
vironment.

Figure 6. CE-based sterility test of a multipurpose contact lens
solution with A) an uncontaminated sample and B) a sample

inoculated with a nonsterilized instrument.

CONCLUSIONS

Capillary electrophoresis is becoming a valuable meth-
od in the separation, characterization, identification, and
quantification of microorganisms because of its proper-
ties of high efficiency and short analysis times. Recently,
the in vitro detection of single cells of various bacteria
and fungi was accomplished using a three-injection CE
method with S/N between 5 and 9. These results indicate
that a rapid and reliable alternative sterility testing proce-
dure using CE methodology is feasible. Dilute samples
may be preconcentrated off-column by centrifugation
or membrane filtration, or online-preconcentration by
large-volume sample stacking using CE. Commercial
consumer eye-care products were evaluated using this
CE-based sterility test for the first time. The test results in-
dicated that these eye care products were indeed sterile.
Furthermore the rapid contamination of these products
by brief exposure to ambient conditions was easily de-
tected. Future work will focus on biological samples
(such as animal blood and urine) to assess the accuracy
and broad applicability of this CE method.
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that
incorporate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Pro-
posed and Recommended International Nonproprietary Names (INN) when they have been announced by the World
Health Organization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on
how nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomen-
clature issues that also occasionally report on related matters pertaining to USAN and INN.
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USP Dictionary of USAN and International Drug Names
2010 USP DICTIONARY SUPPLEMENT 2

IMPORTANT—Save this Supplement. This and all supplements appearing in PF are needed to keep the 2010 edition of the USP Dic-
tionary (USPD) up-to-date. The cumulative contents of the supplements to the current (2010) edition will be included in the next
complete edition of the Dictionary.

Newly Approved United States Adopted Names (USAN), Released for Pub-
lication

The following are newly established United States Adopted Names (USAN). These names will not be listed cumulatively;
see preceding and succeeding numbers of PF for other new USAN to supplement the Dictionary main volume.

Amuvatinib [2010] (am’’ ue va’ ti nib). C23H21N5O3S. 447.50.
(1) 1-Piperazinecarbothioamide, N-(1,3-benzodioxol-5-yl-
methyl)-4-benzofuro[3,2-d]pyrimidin-4-yl-; (2) N-(1,3-Ben-
zodioxol-5-ylmethyl)-4-(benzofuro[3,2-d]pyrimidin-4-yl)pi-
perazine-1-carbothioamide. CAS-850879-09-3. INN.
Treatment of cancer. MP470; MP-470; HPK56

Amuvatinib Hydrochloride [2010] (am’’ ue va’ ti nib hye’’
droe klor’ ide). C23H21N5O3S.HCl. 447.50. (1) 1-Piperazine-
carbothioamide, N-(1,3-benzodioxol-5-ylmethyl)-4-benzo-
furo[3,2-d]pyrimidin-4-yl-, hydrochloride (1:1); (2) N-(1,3-
Benzodioxol-5-ylmethyl)-4-(benzofuro[3,2-d]pyrimidin-4-
yl)piperazine-1-carbothioamide monohydrochloride. CAS-
1055986-67-8. Treatment of cancer. MP470.HCL; MP-
470.HCL; HPK56

Cenicriviroc Mesylate [2010] (sen’’ i kri vir’ ok mes’ i late).
C41H52N4O4S.CH4O3S. 793.00. (1) 1-Benzazocine-5-car-
boxamide, 8-[4-(2-butoxyethoxy)phenyl]-1,2,3,4-tetrahy-
dro-1-(2-methylpropyl)-N-[4-[(S)-[(1-propyl-1H-imidazol-5-
yl)methyl]sulfinyl]phenyl]-, methanesulfonate (1:1); (2) (S)-
8-[4-(2-Butoxyethoxy)phenyl]-1-(2-methylpropyl)-N-(4-
{[(1-propyl-1H-imidazol-5-yl)methyl]sulfinyl}phenyl)-
1,2,3,4-tetrahydro-1-benzazocine-5-carboxamide mono-
methanesulfonate. CAS-497223-28-6. Treatment of HIV in-
fection and arthritis. TBR-652; TAK-652

Eliglustat Tartrate [2010] (el’’ i gloo’ stat tar’ trate).
C23H36N2O4.C4H6O6. 479.60. (1) Octanamide, N-[(1R,2R)-
2-(2,3-dihydro-1,4-benzodioxin-6-yl)-2-hydroxy-1-(1-pyr-
rolidinylmethyl)ethyl]-, (2R,3R)-2,3-dihydroxybutanedioate
(2:1); (2) Bis{N-[(1R,2R)-2-(2,3-dihydro-1,4-benzodioxin-6-
yl)-2-hydroxy-1-(pyrrolidin-1-ylmethyl)ethyl]octanamide}
(2R,3R)-2,3-dihydroxybutanedioate. CAS-928659-70-5.
Treatment of lysosomal storage disorders. Genz-112638

Emepepimut-S [2010] (em’’ e pep’ i mut es). (1) BLP25 lipo-
somal vaccine; (2) L-BLP 25. Antineoplastic. Stimuvax (EMD
Serono) EMD 531444

Ensituximab [2010] (en’’ si tux’ i mab).
C6342H9800N1678O1985S46. (1) Immunoglobulin G1, anti-(col-
orectal and pancreatic carcinoma-associated antigen) (hu-
man-mouse monoclonal NPC-1C heavy chain), disulfide
with human-mouse monoclonal NPC-1C �-chain, dimer;
(2) Immunoglobulin G1, anti-(human mucin-5AC (tracheo-
bronchial mucin, gastric mucin, Lewis B blood group anti-
gen), colorectal and pancreatic carcinoma-associated
antigen); human-mouse chimeric monoclonal NPC-1C g1
heavy chain (216-213’)-disulfide with human-mouse chi-
meric monoclonal NPC-1C � light chain dimer (222-
222’’:225-225’’)-bisdisulfide. Molecular weight is approxi-
mately 142,800 daltons. CAS-1092658-06-4. INN. Treat-
ment of cancer. NPC-1C

Etrolizumab [2010] (et’’ roe liz’ oo mab).
C6396H9874N1702O2010S42. (1) Immunoglobulin G1, anti-(hu-
man integrin a4b7/integrin aEb7) (human-rat monoclonal
rhuMAb Beta7 heavy chain), disulfide with human-rat
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monoclonal rhuMAb Beta7 light chain, dimer; (2) Immu-
noglobulin G1, anti-(human integrin alpha-4/beta-7
(Peyer patches-specific homing receptor LPAM-1) and hu-
man integrin alpha-E/beta-7 (HML-1 antigen)); huma-
n ized ra t monoc lona l rhuMAb Beta7 des -447-
lysine(CH3107K)-g1 heavy chain (220-214’)-disulfide with
humanized rat monoclonal rhuMAb Beta7 �1 light chain,
dimer (226-226’’:229-229’’)-bisdisulfide. The molecular
weight is approximately 144,100 daltons (peptidic part).
CAS-1044758-60-2. Treatment of inflammatory bowel dis-
ease (IBD). rhuMAb Beta7; Anti-beta7; PRO145223

Fluciclatide F 18 [2010] (floo sik’ la tide). C75H115
18FN18O27S3.

1815.00. (1) L-Cysteinamide, N6-[29-[4-(fluoro-18F)phe-
nyl]-1,5,25-trioxo-3,9,12,15,18,21,27-heptaoxa-6,24,28-

triazanonacos-28-en-1-yl]-N2-(2-mercaptoacetyl)-L-lysyl-L-
cysteinyl-L-arginylglycyl-L-a-aspartyl-L-cysteinyl-L-phenyla-
lanyl-N-(17-amino-13,17-dioxo-3,6,9,15-tetraoxa-12-aza-
heptadec-1-yl)-, cyclic (1?8)-thioether, cyclic (2?6)-
disulfide; (2) 6-N-[(28E)-29-(4-[18F]Fluorophenyl)-5,25-di-
oxo-3,9,12,15,18,21,27-heptaoxa-6,24,28-triazanona-
cos-28-enoyl]-2-N-(2-sulfanylacetyl)-L-lysyl-L-cysteinyl-L-
arginylglycyl-L-a-aspartyl-L-cysteinyl-L-phenylalanyl-1-N-
(17-amino-13,17-dioxo-3,6,9,15-tetraoxa-12-azahepta-
decyl)-L-cysteinamide cyclic (2?6)-disulfide cyclic (1?8)-
thioether. CAS-879894-01-6. INN. Diagnostic radiopharma-
ceutical. [18F]AH111585

Ganitumab [2010] (ga nit’ ue mab). C6472H10028N1728O2020S42.
(1) Immunoglobulin G, anti-(human insulin-like growth
factor I receptor) (human monoclonal heavy chain), di-
sulfide with human monoclonal light chain, dimer; (2) Im-
munoglobulin G1, anti-(human insulin-like growth factor 1
receptor (IGF-I receptor, EC 2.7.10.1, CD221)); human
monoclonal g1 heavy chain (222-219’)-disulfide with hu-
man monoclonal � light chain, dimer (228-228’’:231-
231’’)-bisdisulfide. Molecular weight is approximately
145,700 daltons. CAS-905703-97-1. INN. Treatment of
cancer. AMG 479

Gataparsen [2010] (gat’’ a par’ sen). C204H278N59O111P17S17.
6404.00. (1) DNA, d(P-thio)([2’-O-(2-methoxyethyl)]m5-

rU-[2’-O-(2-methoxyethyl)]rG-[2’-O-(2-methoxyethyl)]m5-

rU-[2pr-O-(2-methoxyethyl)]rG-m5C-T-A-T-T-m5C-T-G-T-
G-[2’-O-(2-methoxyethyl)]rA-[2’-O-(2-methoxyethyl)]rA-
[2’-O-(2-methoxyethyl)]m5rU-[2’-O-(2-methoxyethyl)]m5-

rU); (2) 2’-O-(2-Methoxyethyl)-5-methyl-P-thiouridylyl-
(3’?5’)-2’-O-(2-methoxyethyl)-P-thioguanylyl-(3’?5’)-2’-
O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-(3’?5’)-2’-O-
(2-methoxyethyl)-P-thioguanylyl-(3’?5’)-2’-deoxy-5-
methyl-P-thiocytidylyl-(3’?5’)-P-thiothymidylyl-(3’?5’)-
2’-deoxy-P-thioadenylyl-(3’?5’)-P-thiothymidylyl-(3’?5’)-
P-thiothymidylyl-(3’?5’)-2’-deoxy-5-methyl-P-thiocytidyl-
yl-(3’?5’)-P-thiothymidylyl-(3’?5’)-2’-deoxy-P-thiogua-
nylyl-(3’?5’)-P-thiothymidylyl-(3’?5’)-2’-deoxy-P-thio-
guanylyl-(3’?5’)-2’-O-(2-methoxyethyl)-P-thioadenylyl-
(3’?5’)-2’-O-(2-methoxyethyl)-P-thioadenylyl-(3’?5’)-2’-
O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-(3’?5’)-2’-O-
(2-methoxyethyl)-5-methyl-P-thiouridine. CAS-1065019-
70-6. INN. Oncology. LY2181308

Gataparsen Sodium [2010] (gat’’ a par’ sen soe’ dee um).
C204H261N59Na17O111P17S17. 6778.00. (1) DNA, d(P-
thio)([2’-O-(2-methoxyethyl)]m5rU-[2’-O-(2-methox-
yethyl)]rG-[2’-O-(2-methoxyethyl)]m5rU-[2’-O-(2-methox-
yethyl)]rG-m5C-T-A-T-T-m5C-T-G-T-G-[2’-O-(2-methox-
yethyl)]rA-[2’-O-(2-methoxyethyl)]rA-[2’-O-(2-methox-

yethyl)]m5rU-[2’-O-(2-methoxyethyl)]m5rU), sodium salt
(1:17); (2) 2’-O-(2-Methoxyethyl)-5-methyl-P-thiouridylyl-
(3’?5’)-2’-O-(2-methoxyethyl)-P-thioguanylyl-(3’?5’)-2’-
O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-(3’?5’)-2’-O-
(2-methoxyethyl)-P-thioguanylyl-(3’?5’)-2’-deoxy-5-
methyl-P-thiocytidylyl-(3’?5’)-P-thiothymidylyl-(3’?5’)-
2’-deoxy-P-thioadenylyl-(3’?5’)-P-thiothymidylyl-(3’?5’)-
P-thiothymidylyl-(3’?5’)-2’-deoxy-5-methyl-P-thiocytidyl-
yl-(3’?5’)-P-thiothymidylyl-(3’?5’)-2’-deoxy-P-thiogua-
nylyl-(3’?5’)-P-thiothymidylyl-(3’?5’)-2’-deoxy-P-thio-
guanylyl-(3’?5’)-2’-O-(2-methoxyethyl)-P-thioadenylyl-
(3’?5’)-2’-O-(2-methoxyethyl)-P-thioadenylyl-(3’?5’)-2’-
O-(2-methoxyethyl)-5-methyl-P-thiouridylyl-(3’?5’)-2’-O-
(2-methoxyethyl)-5-methyl-P-thiouridine heptadecaso-
dium salt. CAS-928768-71-2. Oncology. LY2181308 hep-
tadecasodium salt

Glembatumumab Vedotin [2010] (glem’’ ba toom’ oo mab
ve doe’ tin). C6466H9900N1712O2012S46 (C68H105N11O15)n. (1)
Immunoglobulin, anti-(human glycoprotein NMB extra-
cellular domain) (human monoclonal CR011 heavy chain),
disulfide with human monoclonal CR011 b-chain, dimer,
thioether with N-[[[4-[[N-[6-(3-mercapto-2,5-dioxo-1-pyr-
rolidinyl)-1-oxohexyl]-L-valyl-N5-(aminocarbonyl)-L-or-
nithyl]amino]phenyl]methoxy]carbonyl]-N-methyl-L-valyl-
N-[(1S,2R)-4-[(2S)-2-[(1R,2R)-3-[[(1R,2S)-2-hydroxy-1-
methyl-2-phenylethyl]amino]-1-methoxy-2-methyl-3-oxo-
propyl]-1-pyrrolidinyl]-2-methoxy-1-[(1S)-1-methylpro-
pyl]-4-oxobutyl]-N-methyl-L-valinamide; (2) Thioethers
obtained by action of (4-{[(2S)-5-(carbamoylamino)-2-
{[(2S)-2-{[6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)hexa-
noyl]amino}-3-methylbutanoyl]amino}pentanoyl]amino}-
phenyl)methyl [(2S)-1-{[(2S)-1-{[(3R,4S,5S)-1-{(2S)-2-
[(1R,2R)-3-{[(1S,2R)-1-hydroxy-1-phenylpropan-2-yl]ami-
no}-1-methoxy-2-methyl-3-oxopropyl]pyrrolidin-1-yl}-3-
methoxy-5-methyl-1-oxoheptan-4-yl]methylamino}-3-
methyl-1-oxobutan-2-yl]amino}-3-methyl-1-oxobutan-2-
yl]methylcarbamate on immunoglobulin G2, anti-(human
transmembrane glycoprotein NMB (HGFIN) extracellular
domain); human monoclonal CR011 g2 heavy chain
(133-215’)-disulfide with human monoclonal CR011 �
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light chain, dimer (221-221’’:222-222’’:225-225’’:228-
228’’)-tetrakisdisulfide.CAS-1182215-65-1. Antineoplastic.

CR011-vcMMAE; CDX-011

Ioflubenzamide I 131 [2009] (eye’’ oh floo ben’ za mide).
C21H25F

131IN3O3. 517.30. (1) Benzamide, N-[2-(diethylami-
no)ethyl]-4-[(4-fluorobenzoyl)amino]-5-[131I]iodo-2-meth-
o x y - ; ( 2 ) N - [ 2 - ( D i e t h y l a m i n o ) e t h y l ] - 4 - [ ( 4 -
fluorobenzoyl)amino]-5-[131I]iodo-2-methoxybenzamide.
CAS-864462-68-0. INN. Radiotherapeutic agent for melano-
ma. Solazed (Molecular Insight) BA-100; MIP-1145

Ivacaftor [2010] (eye’’ va kaf’ tor). C24H28N2O3. 392.50. (1) 3-
Quinolinecarboxamide, N-[2,4-bis(1,1-dimethylethyl)-5-
hydroxyphenyl]-1,4-dihydro-4-oxo-; (2) N-[2,4-Bis(1,1-di-
methylethyl)-5-hydroxyphenyl]-4-oxo-1,4-dihydroquino-
line-3-carboxamide.CAS-873054-44-5. Treatment of cystic
fibrosis. VX-770

Letaxaban [2010] (le tax’ a ban). C22H26ClN3O5S. 480.00. (1)
2(1H)-Pyrimidinone, 1-[1-[(2S)-3-[(6-chloro-2-naphthale-
nyl)sulfonyl]-2-hydroxy-1-oxopropyl]-4-piperidinyl]tetrahy-
dro-; (2) 1-(1-{(2S)-3-[(6-Chloronaphthalen-2-yl)sulfonyl]-
2-hydroxypropanoyl}piperidin-4-yl)tetrahydropyrimidin-
2(1H)-one. CAS-870262-90-1. Anticoagulant. TAK-442

Luliconazole [2010] (loo’’ li kon’ a zole). C14H9Cl2N3S2. 354.28.
(1) 1H-Imidazole-1-acetonitrile, a-[(4R)-4-(2,4-dichlorophe-
nyl)-1,3-dithiolan-2-ylidene]-, (aE)-; (2) (–)-(E)-[(4R)-4-(2,4-
Dichlorophenyl)-1,3-dithiolan-2-ylidene](1H-imidazol-1-
yl)acetonitrile. CAS-187164-19-8. INN. Treatment of fungal
infections. NND-502; PR-2699

Navitoclax Dihydrochloride [2010] (na vit’ oh klax dye hye’’
droe klor’ ide). C47H55ClF3N5O6S3.2HCl. 1047.50. (1) Benza-
mide, 4-[4-[[2-(4-chlorophenyl)-5,5-dimethyl-1-cyclohex-
en-1-yl]methyl]-1-piperazinyl]-N-[[4-[[(1R)-3-(4-morpholi-
nyl)-1-[(phenylthio)methyl]propyl]amino]-3-[(trifluoro-
methyl)sulfonyl]phenyl]sulfonyl]-, hydrochloride (1:2); (2)
4-(4-{[2-(4-Chlorophenyl)-5,5-dimethylcyclohex-1-en-1-
yl]methyl}piperazin-1-yl)-N-({4-({(1R)-3-(morpholin-4-yl)-1-

[(phenylsulfanyl)methyl]propyl}amino)-3-[(trifluoro-
methyl)sulfonyl]phenyl}sulfonyl)benzamide dihydrochlor-
ide; (3) 4-(4-{[2-(4-Chlorophenyl)-5,5-dimethylcyclohex-1-
en-1-yl]methyl}piperazin-1-yl)-N-[(4-{[(2R)-4-(morpholin-4-
yl)-1-(phenylsulfanyl)butan-2-yl]amino}-3-[(trifluoro-
methyl)sulfonyl]phenyl)sulfonyl]benzamide dihydrochlor-
ide. CAS-1093851-28-5. Treatment of cancer. A-855071.3

Omadacycline Tosylate [2010] (oh mad’’ a sye’ kleen tos’ i
late). C29H40N4O7.C7H8O3S. 728.90. (1) 2-Naphthacenecar-
boxamide, 4,7-bis(dimethylamino)-9-[[(2,2-dimethylpro-
pyl)amino]methyl]-1,4,4a,5,5a,6,11,12a-octahydro-
3,10,12,12a-tetrahydroxy-1,11-dioxo-, (4S,4aS,5aR,12aS)-,
4-methylbenzenesulfonate (1:1); (2) (4S,4aS,5aR,12aS)-
4,7-Bis(dimethylamino)-9-{[(2,2-dimethylpropyl)amino]-
methy l } -3 ,10 ,12 ,12a - te t rahydroxy -1 ,11-d ioxo-
1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide
mono(4-methybenzenesulfonate) (salt). CAS-1075240-43-
5. Antibiotic. PTK 0796

Pegdinetanib [2010] (peg’’ dye net’ a nib). C468H729N125O139S1
þ 40 kDa mPEG2-MAL. Biologic derived from a domain of
human fibronectin (10th Type III Domain (10Fn3)) cova-
lently bound to a maleimide derivative of a branched meth-
oxypolyethyleneglycol (mPEG2-MAL). The linkage occurs
through the sulfhydryl side chain of cysteine 93 in the pep-
tide.CAS-906450-24-6. INN. Oncology. Adnectin (Bristol-
Myers Squibb) BMS-844203; CT-322

Peginesatide [2010] (peg’’ in es’ a tide).
C231H350N62O58S6[C2H4O]n. (1) Poly(oxy-1,2-ethanediyl), a-
hydro-!-methoxy-, diester with 21N6,21’N6-[[(N2,N6-dicar-
boxy-L-lysyl-b-alanyl)imino]bis(1-oxo-2,1-ethanediyl)]-
bis[N-acetylglycylglycyl-L-leucyl-L-tyrosyl-L-alanyl-L-cystei-
nyl-L-histidyl-L-methionylglycyl-L-prolyl-L-isoleucyl-L-threo-
nyl-3-(1-naphthalenyl)-L-alanyl-L-valyl-L-cysteinyl-L-glutami-
nyl-L-prolyl-L-leucyl-L-arginyl-N-methylglycyl-L-lysinamide]
cyclic (6?15),(6’?15’)-bis(disulfide); (2) N6.21,N6.21 ’-
{[(N2,N6-Bis{[!-methoxypoly(oxyethylene)]carbonyl}-L-ly-
syl-b-alanyl)imino]bis(methylenecarbonyl)}bis[acetylglycyl-
glycyl-L-leucyl-L-tyrosyl-L-alanyl-L-cysteinyl-L-histidyl-L-
methionylglycyl-L-prolyl-L-isoleucyl-L-threonyl-3-(naphtha-
len-1-yl)-L-alanyl-L-valyl-L-cysteinyl-L-glutaminyl-L-prolyl-L-
leucyl-L-arginyl-N-methylglycyl-L-lysinamide] cyclic (6-
15:6’-15’)-bisdisulfide. Molecular weight is approximately
45,000 daltons. CAS-913976-27-9. INN. Treatment of ane-
mia associated with chronic kidney disease. Hematide (Affy-
max) AF37702
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Pridopidine [2010] (pri doe’ pi deen). C15H23NO2S. 281.40.
(1) Piperidine, 4-[3-(methylsulfonyl)phenyl]-1-propyl-; (2)
4-[3-(Methanesulfonyl)phenyl]-1-propylpiperidine. CAS-
346688-38-8. INN. Treatment of schizophrenia, Parkinson’s
disease, and Huntington’s disease. ACR16; FR310826

Pridopidine Hydrochloride [2010] (pri doe’ pi deen hye’’
droe klor’ ide). C15H23NO2S �HCl. 317.90. (1) Piperidine, 4-
[3-(methylsulfonyl)phenyl]-1-propyl-, hydrochloride (1:1);
(2) 4-[3-(Methylsulfonyl)phenyl]-1-propylpiperidine
hydrochloride. CAS-882737-42-0. Treatment of schizophre-
nia, Parkinson’s disease, and Huntington’s disease. ACR16
hydrochloride; ASP2314 hydrochloride; FR310826

Rilpivirine Hydrochloride [2010] (ril’’ pi vir’ een hye’’ droe
klor’ ide). C22H18N6.HCl. 402.90. (1) Benzonitrile, 4-[[4-[[4-
[(1E)-2-cyanoethenyl]-2,6-dimethylphenyl]amino]-2-pyri-
midinyl]amino]-, hydrochloride (1:1); (2) 4-{[4-({4-[(1E)-2-
Cyanoethenyl]-2,6-dimethylphenyl}amino)pyrimidin-2-
yl]amino}benzonitrile.CAS-700361-47-3. Treatment of HIV
infection. TMC278 hydrochloride

Ruxolitinib Phosphate [2010] (rux’’ oh li’ ti nib fos’ fate).
C17H18N6.H3O4P. 404.40. (1) 1H-Pyrazole-1-propaneni-
trile, b-cyclopentyl-4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-,
(bR)-, phosphate (1:1); (2) (3R)-3-Cyclopentyl-3-[4-(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl]propaneni-
trile phosphate (1:1). CAS-1092939-17-7. Treatment of
cancer. INCB018424 salt

Tafluprost [2010] (ta’ floo prost). C25H34F2O5. 452.53. (1) 5-
Heptenoic acid, 7-[(1R,2R,3R,5S)-2-[(1E)-3,3-difluoro-4-
phenoxy-1-buten-1-yl]-3,5-dihydroxycyclopentyl]-, 1-
methylethyl ester, (5Z)-; (2) 1-Methylethyl (5Z)-7-
{(1R,2R,3R,5S)-2-[(1E)-3,3-difluoro-4-phenoxybut-1-enyl]-
3,5-dihydroxycyclopentyl}hept-5-enoate.CAS-209860-87-
7. INN. Glaucoma and ocular hypertension. MK-2452; AFP-
168

Taprenepag Isopropyl [2010] (ta pren’ e pag eye’’ soe proe’
pil). C27H28N4O5S. 520.60. (1) Acetic acid, 2-[3-[[[[4-(1H-
pyrazol-1-yl)phenyl]methyl](3-pyridinylsulfonyl)amino]-
methyl]phenoxy]-, 1-methylethyl ester; (2) 1-Methylethyl
2-(3-{[{[4-(1H-pyrazol-1-yl)phenyl]methyl}(pyridin-3-ylsul-
fonyl)amino]methyl}phenoxy)acetate.CAS-1005549-94-9.
Intraocular pressure lowering agent. PF-04217329

Tasocitinib [2010] (tas’’ oh si’ ti nib). C16H20N6O. 312.40. (1)
1-Piperidinepropanenitrile, 4-methyl-3-(methyl-7H-pyrro-
lo[2,3-d]pyrimidin-4-ylamino)-b-oxo-, (3R,4R)-; (2) 3-
{(3R,4R)-4-Methyl-3-[methyl(7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino]piperidin-1-yl}-3-oxo-propanenitrile.CAS-
477600-75-2. INN. Treatment of immunological disorders.

CP-690,550

Tasocitinib Citrate [2010] (tas’’ oh si’ ti nib sit’ rate).
C16H20N6O.C6H8O7. 504.5. (1) 1-Piperidinepropanenitrile,
4-methyl-3-(methyl-7H-pyrrolo[2,3-d]pyrimidin-4-ylami-
no)-b-oxo-, (3R,4R)-, 2-hydroxy-1,2,3-propanetricarboxy-
late (1:1); (2) 3-{(3R,4R)-4-Methyl-3-[methyl(7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino]piperidin-1-yl}-3-oxo-
propanenitrile-2-hydroxypropane-1,2,3-tricarboxylate
(1:1). CAS-540737-29-9. Treatment of immunological disor-
ders. CP-690, 550-10

Telapristone Acetate [2010] (tel’’ a pris’ tone as’ e tate).
C31H39NO5. 505.60. [Telapristone is INN.] (1) 19-Norpreg-
na-4,9-diene-3,20-dione, 17-(acetyloxy)-11-[4-(dimethy-
lamino)phenyl]-21-methoxy-, (11b)-; (2) 11b-[4-
(Dimethylamino)phenyl]-21-methoxy-3,20-dioxo-19-nor-
pregna-4,9-dien-17-yl acetate; (3) 17a-(Acetyloxy), 21-
methoxy-11b [4-N,N’-(dimethylamino)pheny]-19-nor-
pregna-4,9-diene-3,20-dione.CAS-198414-31-2; CAS-
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198414-30-1 [telapristone]. Treatment of female reproductive
disorders. Proellex (Rhone-Poulenc, France) CDB-4124

Telotristat [2010] (tel oh’ tri stat). C25H22ClF3N6O3. 546.90. (1)
L-Phenylalanine, 4-[2-amino-6-[(1R)-1-[4-chloro-2-(3-meth-
yl-1H-pyrazol-1-yl)phenyl]-2,2,2-trifluoroethoxy]-4-pyrimi-
dinyl]-; (2) 4-(2-Amino-6-{(1R)-1-[4-chloro-2-(3-methyl-1H-
pyrazol-1-yl)phenyl]-2,2,2-trifluoroethoxy}pyrimidin-4-yl)-
L-phenylalanine. CAS-1033805-28-5. Treatment of carcinoid
syndrome and related disorders. LP-778902

Telotristat Ethyl [2010] (tel oh’ tri stat eth’ il). C27H26ClF3N6O3.
575.00. (1) L-Phenylalanine, 4-[2-amino-6-[(1R)-1-[4-
chloro-2-(3-methyl-1H-pyrazol-1-yl)phenyl]-2,2,2-trifluor-
oethoxy]-4-pyrimidinyl]-, ethyl ester; (2) Ethyl 4-(2-amino-
6-{(1R)-1-[4-chloro-2-(3-methyl-1H-pyrazol-1-yl)phenyl]-
2,2,2-trifluoroethoxy}pyrimidin-4-yl)-L-phenylalaninate.
CAS-1033805-22-9. Treatment of carcinoid syndrome and re-
lated disorders. LX 1606

Telotristat Etiprate [2010] (tel oh’ tri stat et’ i prate).
C27H26ClF3N6O3.C9H9NO3. 754.20. (1) L-Phenylalanine, 4-
[2-amino-6-[(1R)-1-[4-chloro-2-(3-methyl-1H-pyrazol-1-yl)-
phenyl]-2,2,2-trifluoroethoxy]-4-pryrimidinyl]-, ethyl ester,
compd. with N-benzoylglycine (1:1); (2) Ethyl 4-(2-amino-
6-{(1R)-1-[4-chloro-2-(3-methyl-1H-pyrazol-1-yl)phenyl]-
2,2,2-trifluoroethoxy}pryrimidin-4-yl)-L-phenylalaninate N-
benzoylglycinate (1:1). CAS-1137608-69-5. Treatment of
carcinoid syndrome and related disorders. LX1606 hippurate;
LX1032 hippurate

Temanogrel [2010] (tem an’ oh grel). C24H28N4O4. 436.50. (1)
Benzamide, 3-methoxy-N-[3-(1-methyl-1H-pyrazol-5-yl)-4-
[2-(4-morpholinyl)ethoxy]phenyl]-; (2) 3-Methoxy-N-{3-
(1-methyl-1H-pyrazol-5-yl)-4-[2-(morpholin-4-yl)ethoxy]-

phenyl}benzamide; (3) 3-Methoxy-N-[3-(2-methyl-2H-pyr-
azol-3-yl)-4-(2-morpholin-4-yl-ethoxy)-phenyl]-benzami-
de.CAS-887936-68-7. INN. Anti-platelet agent. APD791

Temanogrel Hydrochloride [2010] (tem an’ oh grel hye’’
droe klor’ ide). C24H28N4O4.HCl. 473.00. (1) Benzamide, 3-
methoxy-N-[3-(1-methyl-1H-pyrazol-5-yl)-4-[2-(4-morpho-
linyl)ethoxy]phenyl]-, hydrochloride (1:1); (2) 3-Methoxy-
N-{3-(1-methyl-1H-pyrazol-5-yl)-4-[2-(morpholin-4-
yl)ethoxy]phenyl}benzamide monohydrochloride; (3) 4-{2-
[4-(3-Methoxybenzamido)-2-(1-methyl-1H-pyrazol-5-yl)-
phenoxy]ethyl}morpholin-4-ium chloride. CAS-957466-27-
2. Anti-platelet agent. APD791

Ulimorelin Hydrochloride [2010] (ue’’ li moe rel’ in hye’’ droe
klor ’ ide). C30H39FN4O4.HCL.H2O. 593.10. (1) 2H-
1,4,7,10,13-Benzoxatetraazacyclooctadecine-6,9,12(3H)-
trione, 5-cyclopropyl-11-[(4-fluorophenyl)methyl]-
4,5,7,8,10,11,13,14,15,16-decahydro-2,7,8-trimethyl-,
hydrochloride, hydrate (1:1:1), (2R,5S,8R,11R)-; (2)
(2R,5S,8R,11R)-5-Cyclopropyl-11-[(4-fluorophenyl)-
methyl]-2,7,8-trimethyl-2,3,4,5,7,8,10,11,13,14,15,16-do-
decahydro-6H-1,4,7,10,13-benzoxatetraazacyclooctade-
cine-6,9,12-trione hydrochloride monohydrate. CAS-
951326-02-6. Treatment of gastrointestinal motility disorders.

TZP-101

Vapreotide Acetate [2010] (va pree’ oh tide as’ e tate).
C57H70N12O9S2.nC2H4O2. (1) L-Tryptophanamide, D-pheny-
lalanyl-L-cysteinyl-L-tyrosyl-D-tryptophyl-L-lysyl-L-valyl-L-cy-
steinyl-, cyclic (2?7)-disulfide, acetate (1:?); (2) D-
Phenylalanyl-L-cysteinyl-L-tyrosyl-D-tryptophyl-L-lysyl-L-va-
lyl-L-cysteinyl-L-tryptophanamide cyclic (2?7)-disulfide
acetate salt (1:n). CAS-849479-74-9. Control of acute eso-
phageal bleeding as a result of portal hypertension. Sanvar
(Genzyme); Octastatin (Genzyme); Docrised (Mexico)
(Genzyme) DP-05-094; RC-160; BMY-41606

Vardenafil Hydrochloride [2001] (var den’ a fil hye’’ droe klor’
ide). C23H32N6O4S.HCl. 525.01. (1) Piperazine, 1-[[3-(1,4-
dihydro-5-methyl-4-oxo-7-propylimidazo[5,1-f][1,2,4]tria-
zin-2-yl)-4-ethoxyphenyl]sulfonyl]-4-ethyl-, monohydro-
chloride; (2) 2-[2-Ethoxy-5-(4-ethyl-piperazine-1-sulfonyl)-
phenyl]-5-methyl-7-propyl-3H-imidazo[5,1-f][1,2,4]triazin-
4-one, hydrochloride. CAS-224785-91-5. Treatment of erec-
tile dysfunction (PDE 5 inhibitor). BAY 38-9456
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Verubulin [2010] (ver’’ ue bue’ lin). C17H17N3O. 279.30. (1) 4-
Quinazolinamine, N-(4-methoxyphenyl)-N,2-dimethyl-;
(2) N-(4-Methoxyphenyl)-N,2-dimethylquinazolin-4-
amine. CAS-827031-83-4. INN. Treatment of cancer. Azixa
(Myriad) MPC-6827; MX-128495

Verubulin Hydrochloride [2010] (ver’’ ue bue’ lin hye’’ droe
klor’ ide). C17H17N3O.HCl. 315.80. (1) 4-Quinazolinamine,
N-(4-methoxyphenyl)-N,2-dimethyl-, hydrochloride (1:1);
(2) N-(4-Methoxyphenyl)-N,2-dimethylquinazolin-4-
amine hydrochloride. CAS-917369-31-4. Treatment of can-
cer. Azixa (Myriad) MPC-6827
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Chromatographic Columns Used in USP–NF and
Pharmacopeial Forum

Nov.–Dec. 2010

AMIODARONE HYDROCHLORIDE ORAL SUSPENSION (DSD Mgh #1781)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 MicroBondapak
C18

Assay 4.6 mm625 cm, 10 mm. Manufacturer: Waters Corp.

AMLODIPINE ORAL SUSPENSION (DSD Mgh #1782)
PF LGS# Reagent Brand Type of Test Comments

37(1) L10 ZORBAX CN Assay 3.0 mm615 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

AZITHROMYCIN TABLETS (DSD Mgh #362)
PF LGS# Reagent Brand Type of Test Comments

34(5) L1 XTerra RP 18 Dissolution 4.6 mm615 cm, 5 mm. Manufacturer: Waters Corp.

BETA CAROTENE (DSD Mgh #8730)
PF LGS# Reagent Brand Type of Test Comments

36(6) L68 SUPELCOSIL Su-
plex pKb-100

Content of .... and Re-
lated Compounds

Content of Beta Carotene. 4.6 mm625 cm, 5 mm.
Manufacturer: Supelco

BETA CAROTENE PREPARATION (DSD Mgh #6078)
PF LGS# Reagent Brand Type of Test Comments

36(6) L68 SUPELCOSIL Su-
plex pKb-100

Content of . . . . . . . . Content of Beta Carotene. 4.6 mm625 cm, 5 mm.
Manufacturer: Supelco

CANDESARTAN CILEXETIL (DSD Mgh #12270)
PF LGS# Reagent Brand Type of Test Comments

36(6) L1 Nova-Pak C18 Organic Impurities 3.9 mm6150 mm, 4 mm. Manufacturer: Waters Corp.

CARVEDILOL (DSD Mgh #2730)
PF LGS# Reagent Brand Type of Test Comments

0(0) L68 SUPELCOSIL Su-
plex pKb-100

Related compounds Test 2. 4.6 mm615 cm, 5 mm. Manufacturer: Supelco

CELECOXIB (DSD Mgh #14165)
PF LGS# Reagent Brand Type of Test Comments

36(6) L10 Supelcosil LC-CN Assay and Organic Im-
purities

4.6 mm625 cm, 5 mm. Manufacturer: Supelco

CHLOROQUINE PHOSPHATE ORAL SUSPENSION (DSD Mgh #4608)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Bakerbond C18 Assay 4.6 mm625 cm, 5 mm. Manufacturer: JT Baker

CODEINE PHOSPHATE ORAL SOLUTION (DSD Mgh #4609)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Inertsil ODS-3 Assay 4.6 mm610 cm, 5 mm. Manufacturer: GL Sciences

DAPSONE ORAL SUSPENSION (DSD Mgh #4610)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 ZORBAX SB-C18 Assay 3.0 mm615 cm, 5 mm. Manufacturer: Agilent Tech-
nologies
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DIETHYL SEBACATE (DSD Mgh #959)
PF LGS# Reagent Brand Type of Test Comments

36(6) G1 DB-1 Assay 0.53 mm630 m, 1.5 mm. Manufacturer: J & W Scien-
tific

DOCETAXEL INJECTION (DSD Mgh #3872)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Sunfire C18 Assay and Organic Im-
purities

4.6 mm615 cm, 3.5 mm. Manufacturer: Waters Corp.

ENALAPRIL MALEATE ORAL SUSPENSION (DSD Mgh #2444)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Bakerbond C18 Assay 4.6 mm625 cm, 5 mm. Manufacturer: JT Baker

ESTAZOLAM TABLETS (DSD Mgh #30600)
PF LGS# Reagent Brand Type of Test Comments

36(6) L11 Hypersil BDS Phe-
nyl

Assay, Dissolution, and
Organic Impurities

4.6 mm615 cm, 3 mm. Manufacturer: Thermo Scien-
tific

ETHYLCELLULOSE DISPERSION TYPE B (DSD Mgh #5917)
PF LGS# Reagent Brand Type of Test Comments

36(6) G25 Stabilwax-DA Content of . . . . . . . . Content of Oleic Acid. 0.53 mm630 m, 0.25 mm.
Manufacturer: Restek

36(6) G16 DB Wax Limit of . . . . . . . . . Limit of 1-Butanol. 0.53 mm630 m, 1.0 mm. Manu-
facturer: J & W Scientific

36(6) G25 Stabilwax-DA Content of . . . . . . . . Content of Dibutyl Sebacate and Oleic Acid. 0.53
mm615 m, 0.1 mm. Manufacturer: Restek

36(6) G43 Rtx-1301 Limit of . . . . . . . . . Limit of Glycerin. 0.53 mm630 m, 3.0 mm. Manufac-
turer: Restek

36(6) L21 Shodex KF-801 Assay and Content of .... Content of Ethylcellulose, Medium Chain Triglycerides.
8.0 mm630 cm, 6 mm. Manufacturer: Shodex

FLUCONAZOLE INJECTION (DSD Mgh #33243)
PF LGS# Reagent Brand Type of Test Comments

36(6) L7 Symmetry C8 Organic Impurities Procedure 4. 4.6 mm625 cm, 5 mm. Manufacturer:
Waters Corp.

FLUCONAZOLE TABLETS (DSD Mgh #33248)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Hypersil BDS C-18 Dissolution Test 2. 4.6 mm615 cm, 5 mm. Manufacturer: Thermo
Scientific

GLYBURIDE TABLETS (DSD Mgh #35390)
PF LGS# Reagent Brand Type of Test Comments

33(4) L7 Kromasil C8 Dissolution Test 4. 4.6 mm625 cm. Manufacturer: Supelco
0(0) L7 ZORBAX C8 Dissolution Test 5. 4.6 mm625 cm, 5 mm. Manufacturer: Agilent

Technologies

GLYCERYL BEHENATE (DSD Mgh #35488)
PF LGS# Reagent Brand Type of Test Comments

37(1) L21 PLgel Assay and Limit of . . . . Limit of Free Glycerin. 7 mm660 cm. Manufacturer:
Phenomenex

IRINOTECAN HYDROCHLORIDE (DSD Mgh #42485)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 SymmetryShield
RP18

Related compounds Test 2. 4.6 mm625 cm, 5 mm. Manufacturer: Waters
Corp.
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ISRADIPINE ORAL SUSPENSION (DSD Mgh #1391)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Spheri-5 ODS C18 Assay 4.6 mm625 cm, 5 mm. Manufacturer: PerkinElmer,
Inc.

LAMIVUDINE AND ZIDOVUDINE TABLETS (DSD Mgh #2768)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Hypersil BDS C-18 Dissolution Test 2. 4.6 mm615 cm, 5 mm. Manufacturer: Thermo
Scientific

LAMOTRIGINE ORAL SUSPENSION (DSD Mgh #5551)
PF LGS# Reagent Brand Type of Test Comments

37(1) L56 ZORBAX SB-C3 Assay 3.0 mm615 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

LEVOFLOXACIN ORAL SOLUTION (DSD Mgh #44774)
PF LGS# Reagent Brand Type of Test Comments

36(6) L11 ZORBAX SB Phe-
nyl

Assay and Organic Im-
purities

4.6 mm615 cm, 3.5 mm. Manufacturer: Agilent
Technologies

LISINOPRIL ORAL SUSPENSION (DSD Mgh #1785)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 ZORBAX ODS Assay 3.0 mm615 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

LORATADINE ORALLY-DISINTEGRATING TABLETS (DSD Mgh #45897)
PF LGS# Reagent Brand Type of Test Comments

36(6) L7 YMCBasic Assay and Organic Im-
purities

Assay Procedure 2 and Organic Impurities Procedure 2.
4.6 mm615 cm, 5 mm. Manufacturer: YMC Co., Ltd.

MERCAPTOPURINE (DSD Mgh #49330)
PF LGS# Reagent Brand Type of Test Comments

36(6) L68 Ultra IBD Assay 4.6 mm615 cm, 5 mm. Manufacturer: Restek

MERCAPTOPURINE TABLETS (DSD Mgh #49360)
PF LGS# Reagent Brand Type of Test Comments

36(6) L1 YMC-Pack ODS-
AQ

Assay and Organic Im-
purities

4.6 mm610 cm, 3 mm. Manufacturer: YMC Co., Inc.

MESO-ZEAXANTHIN (DSD Mgh #5933)
PF LGS# Reagent Brand Type of Test Comments

36(6) L3 ZORBAX Rx-SIL Content of . . . . . . . . Content of Zeaxanthin, Content of Lutein and Other
Related Compounds. 4.6 mm625 cm, 5 mm. Manu-

facturer: Agilent Technologies
36(6) L51 Chiralpak AD-H Content of . . . . . . . . Stereisomeric Composition. 4.6 mm625 cm, 5 mm.

Manufacturer: Chiral Technologies

MESO-ZEAXANTHIN PREPARATION (DSD Mgh #5895)
PF LGS# Reagent Brand Type of Test Comments

36(6) L51 Chiralpak AD-H Content of . . . . . . . . Steroisomeric Composition. 4.6 mm625 cm, 5 mm.
Manufacturer: Chiral Technologies

36(6) L3 ZORBAX Rx-SIL Content of . . . . . . . . Content of Zeaxanthin, Content of Lutein and Other
Related Compounds. 4.6 mm625 cm, 3 mm. Manu-

facturer: Agilent Technologies

MIRTAZAPINE ORALLY DISINTEGRATING TABLETS (DSD Mgh #54297)
PF LGS# Reagent Brand Type of Test Comments

36(6) L1 Luna C18(2) Related Compounds 4.6 mm625 cm, 5 mm. Manufacturer: Phenomenex
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MORPHINE SULFATE EXTENDED-RELEASE TABLETS (DSD Mgh #54850)
PF LGS# Reagent Brand Type of Test Comments

36(6) L1 Xterra MS C18 Dissolution Test 2. 4.6 mm615 cm, 3.5 mm. Manufacturer: Waters
Corp.

NIFEDIPINE EXTENDED-RELEASE TABLETS (DSD Mgh #56646)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Luna C18(2) Dissolution Test 8. 4.6 mm625 cm. Test 8. Alternative column:
Prodigy ODS-2, same dimensions. Manufacturer: Phe-

nomenex

OMEPRAZOLE ORAL SUSPENSION (DSD Mgh #5558)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Nova-Pak C18 Assay 3.9 mm615 cm, 4 mm. Manufacturer: Waters Corp.

ONDANSETRON INJECTION (DSD Mgh #58652)
PF LGS# Reagent Brand Type of Test Comments

0(0) L10 Spherisorb CN Assay, Chromatographic
purity, and Limit of...

Limit of Ondansetron Related Compound D. 4.6
mm620 cm. Manufacturer: Waters Corp.

PANTOPRAZOLE SODIUM DELAYED-RELEASE TABLETS (DSD Mgh #2632)
PF LGS# Reagent Brand Type of Test Comments

0(0) L1 Hypersil BDS C-18 Dissolution Test 3. 4.6 mm625 cm, 5 mm. Manufacturer: Thermo
Scientific

0(0) L1 XTerra RP 18 Dissolution Test 4, Acid stage. 3.9 mm615 cm, 5 mm. Manufac-
turer: Waters Corp.

PENTOXIFYLLINE ORAL SUSPENSION (DSD Mgh #6210)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Partisphere C18 Assay 4.6 mm625 cm, 5 mm. Manufacturer: Whatman Inc.

PHENOBARBITAL ORAL SUSPENSION (DSD Mgh #5552)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Spherisorb ODS-2 Assay 4.6 mm625 cm, 5 mm. Manufacturer: Waters Corp.

PROPYLTHIOURACIL ORAL SUSPENSION (DSD Mgh #1809)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 ZORBAX ODS Assay 3.0 mm615 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

PYRAZINAMIDE ORAL SUSPENSION (DSD Mgh #2445)
PF LGS# Reagent Brand Type of Test Comments

37(1) L7 Bakerbond C8 Assay 4.6 mm626 cm, 5 mm. Manufacturer: JT Baker

PYRIMETHAMINE ORAL SUSPENSION (DSD Mgh #3929)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Prodigy ODS (3) Assay 4.6 mm615 cm, 5 mm. Manufacturer: Phenomenex

RIFABUTIN ORAL SUSPENSION (DSD Mgh #5553)
PF LGS# Reagent Brand Type of Test Comments

37(1) L7 Hypersil MOS (C8) Assay 4.6 mm615 cm, 5 mm. Manufacturer: Thermo Scien-
tific
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ROSIGLITAZONE MALEATE (DSD Mgh #73980)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Symmetry C-18 Assay and Organic Im-
purities

4.6 mm625 cm, 5 mm. Manufacturer: Waters Corp.

37(1) L14 Spherisorb SAX Content of . . . . . . . . Content of Maleic Acid. 4.6 mm615 cm, 5 mm. Man-
ufacturer: Waters Corp.

SILDENAFIL CITRATE ORAL SUSPENSION (DSD Mgh #5554)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 ZORBAX ODS Assay 3.0 mm615 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

SOTALOL HYDROCHLORIDE ORAL SUSPENSION (DSD Mgh #1800)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 ZORBAX ODS Assay 3.0 mm615 cm, 5 mm. Manufacturer: Agilent Tech-
nologies

SPIRONOLACTONE AND HYDROCHLOROTHIAZIDE ORAL SUSPENSION (DSD Mgh #77915)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Bakerbond C18 Assay 4.6 mm625 cm, 5 mm. Manufacturer: JT Baker

SPIRONOLACTONE ORAL SUSPENSION (DSD Mgh #77880)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Bakerbond C18 Assay 4.6 mm625 cm, 5 mm. Manufacturer: JT Baker

TACROLIMUS ORAL SUSPENSION (DSD Mgh #5555)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Spheri-5 ODS C18 Assay 4.6 mm625 cm, 5 mm. Manufacturer: PerkinElmer,
Inc.

TEMAZEPAM (DSD Mgh #80820)
PF LGS# Reagent Brand Type of Test Comments

36(6) L1 Symmetry C-18 Related Compounds Limit of Temazepam Related Compound A. 4.6
mm62.5 cm, 3.5 mm. Manufacturer: Waters Corp.

36(6) L11 Synergi Polar-RP Related Compounds Other Related Compounds. 4.6 mm625 cm, 4 mm.
Manufacturer: Phenomenex

TEMOZOLOMIDE (DSD Mgh #1434)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Spherisorb ODS-2 Assay and Organic Im-
purities

4.6 mm615 cm, 5 mm. Manufacturer: Waters Corp.

TEMOZOLOMIDE ORAL SUSPENSION (DSD Mgh #5556)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Kromasil C18 Assay 4.6 mm625 cm, 5 mm. Manufacturer: Supelco

TRAMADOL HYDROCHLORIDE AND ACETAMINOPHEN ORAL SUSPENSION (DSD Mgh #1803)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Spherisorb ODS-2 Assay 4.6 mm625 cm, 5 mm. Manufacturer: Waters Corp.

TRAMADOL HYDROCHLORIDE ORAL SUSPENSION (DSD Mgh #1801)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Spherisorb ODS-2 Assay 4.6 mm625 cm, 5 mm. Manufacturer: Waters Corp.
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URSODIOL ORAL SUSPENSION (DSD Mgh #1404)
PF LGS# Reagent Brand Type of Test Comments

37(1) L1 Spherisorb ODS-2 Assay 4.6 mm625 cm, 5 mm. Manufacturer: Waters Corp.
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